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Masterlist
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LHC and Experiments
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CMS

CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0m Pixel (100x150 um) ~16m* ~66M channels
Overalllength  :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field  :3.8T
SUPERCONDUCTING SOLENOID
— = Niobium titanium coil carrying ~18,000A
/ MUON CHAMBERS
A 4 Z / Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
4 y / Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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https://indico.cern.ch/event/663474/contributions/3063611/attachments/16850

92/2743032/Gkougkousis ICNFP18.pdf
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Phase Il Detector Upgrades Inner Tracker (iTk)  ©pTLAS

v’ 5 pixel & 4 strip barrel EXPERIMENT
ATLAS @ HL-LHC

layers
v Coverage up to n| <4.0
v' 180 m? of Si, 2 — 3 billion
channels

LAr & Tile CAL electronics

v" New 12 bit digitization
boards at 40MHz

v New pre-processors with
140Tb/s for Lar and 80Tb/s
for Tile

22 m

Inner Muon Spectrometer
v New on and off detector and
trigger electronics

A Toroidal [HC Appa‘oatu S v Additional RPCs and new

2019_04 02

MDTs in barrel regi
v’ Biggest LHC experiment with several SRR Rt

sub-detectors TDAQ System  High Granularity Timing detector

= 26T - 5.3 m long Central v New DAQ high rate v’ <30 psec/ track timing
solenoid (FELIX) boards resolution

= 31T- 20-.1m barrel torqid v Distributed FPGA v’ 2.4 <n<4.0, 2 Silicon based,
v' ~ 139 fb! total integrated luminosity U - layers/side

Slide stolen shamelessly from E. L. Gkougkousis (IFAE)
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CMS @ HL-LHC Compact Muon Solenoid
CMS Tracker v Heaviest LHC experiment with several sub-
detectors

v Improve coverage in 1.5 < |n| < 2.4,
v" Exend to |n| < 3.0 using GEM/ RPCs

2019_04 02

v' 4 pixel & 6 strip barrel layers, fully silicon
v" Coverage up to |n| <4.0
v 100 m? of pixels Si, 1.9 — 2 billion channels

Barrel and end-cap ECAL/HCAL

v" New barrel readout electronics
v' 12 bit 160 MHz ASIC

v Crystal Colling to 8 - 6 °C

v" LYSO Crystals in endcap region

= 4T-12.5 m long solenoid
= 10000 t. steel return yoke
v’ ~142.8 tb’! total integrated luminosity

Muon system =

Timing Layer +—

v LYSO + SiPMs in barel region For g,
v" LGADs in forward region CO/in 3 Clajls See
v’ <30 psec per track, single layer Tal

v" Full coverage

b\

Slide stolen shamelessly from E. L. Gkougkousis (IFAE)
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Building an Analysis



Average rate per run [Hz]

1 event/25 ns = 40 MHz
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(~500 trgs)

100 kHz

Software
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Building an Analysis — Trigger
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Building an Analysis — Simulation & Reconstruction ‘

- ——
-

ATLAS

EXPERIMENT
Run: 305777
Event: 4144227629
2016-08-08 08:51:15 CEST
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Building an Analysis — Simulation & Reconstruction
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CMS Experiment at LHC, CERN
Data recorded: Thu Apr 5 05:47:32 2012 CEST
Run/Event: 190401 / 12545076
75
ng: 19495845 / 1347




Building an Analysis — Simulation & Reconstruction
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Non-Collision Backgrounds
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EFT vs Simplified Models vs ... Signatures?

Less complete

Dipole
Interactions

“Sketches of models”
More

complete

Dark Matter
Effective Field Theories

Dark
Photon

Minimal
Supersymmetric
Standard Model

Simplified
Dark Matter

Contact
Interactions

Complete
Dark Matter
Models

Universal
Extra
Dimensions

Little
Higgs

https://arxiv.org/pdf/1506.03116.pdf

DM at LHC
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https://arxiv.org/pdf/1506.03116.pdf

Signature Overview

Ex: ATLAS DM overview: https://arxiv.org/abs/1903.01400

2019_04_02 DM at LHC

17



Mediator: Visible Signatures
Dijet
Resolved dijet + ISR
Boosted dijet + ISR
Trigger-Level Dijet
Dibjet
Dilepton
Same-sign tt
tt resonance

2019_04_02 DM at LHC 18




Jet+MET
y+MET

W/Z(hadronic)+MET

Z(l1)+MET
h(bb)+MET
h(yy)+MET

Heavy flavor + MET Mg/ &

h->invs
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Mediator: MET Signatures

q v/V /g X

Zv)a
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Long-Lived Particles
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Motivation

Neutral LLPs

Top-down Theory IR LLP Scenario

Naturalness

Dark Matter

Baryogenesis

Neutrino
Masses

RPV SUSY
GMSB
mini-split SUSY -
Stealth SUSY =————— BSM=/—LLP

. (direct production of BSM state at
AXInos LHC that is or decays to LLP)

Sgoldstinos

Neutral Naturalness .
Composite Higgs Hidden Valley ==
Relaxion confining

Seclors

Asymmetric DM ALPr=z==5s
Freeze-In DM

o — — s ==
Co-Decay SM+S
Co-Annihilation e—

Dynamical DM

SM+V (+8) = exotic 7.
decays

WIMP Baryogenesis
Exotic Baryon Oscillations
Leptogenesis exotic Higgs
decays

Minimal RH Neutrino HNL
with U(l)pL 2’
with SU(2)r Wr=——e— exotic Hadron
long-lived scalars ~ decays
with Higgs portal - )
from ERS .« s enssionnes, , :

Discrete Symmetries

1806.07396

DM at LHC
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Some Analysis Examples

Reminder, Moriond 2019 results:

2019 04_02

DM: http://moriond.in2p3.fr/QCD/2019/TuesdayAfternoon/Pinna.pdf
LLPs: http://moriond.in2p3.fr/QCD/2019/TuesdayAfternoon/Pedro.pdf
Higgs: http://moriond.in2p3.fr/QCD/2019/SundayMorning/Brendlinger.pdf
Higgs: http://moriond.in2p3.fr/QCD/2019/SundayMorning/Flechl.pdf

DM at LHC
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Trigger Level Analysis

* Trigger directly on lower-energy jets
and record only a portion of the
event

e Use L1 trigger to identify candidate
events

* Record jet four-momentum and some
jet substructure information, but little
other event information

* Required dedicated jet calibration for
partially built events

* Background calculated with fit to
dijet mass spectrum

2019 04_02 DM at LHC

0.7%

ATLAS

EXPERIMENT

ATLAS-CONF-2016-030

P> 85 GeV, Ml <2.8, ly*l <0.6

ATLAS Preliminary | 10
------Even%spassingHLT-_jGO-trigger-%
| 1 1

10°

- R

100 150 200 250 300 350 400 450 500

P, [GeV]

0.35— ATLAS Preliminary

0.3

0.25

0.15F

0.1

0.05

s :j:jf.v
. i
Iy ol <08 i

Sl

ly* <03 [ly" <06

T

Vs =13 TeV; 3.4-15.7 fb"

Low-mass dijet (TLA)
ATLAS-CONF-2016-030
High-mass dijet e
ATLAS-CONF-2016-069 /¥
Y 2%
Dijet+ISR (y) fiix
ATLAS-CONF-2016-070 /. &
Dijet+ISR (jet) e
ATLAS-CONF-2016-070/ - &

-
i ]
& <08

- --. Expected limit .
— Observed limit
)

300 400

Il L |
1000

2000 3000
23
m,. [GeV]




Photon + MET

* Trigger on photon, offline
cut on p; > 175 GeV and
MET > 170 GeV

* Beam-induced and machine
backgrounds require
dedicated selection on
shower shape/time

* SM backgrounds tackled via
fits in control regions

2019 04_02

DM at LHC

B 68% expected
[ === Qxh?20.12

2527 (13 Tev)

CRESST-II
— CDMSLite
PandaX-Il
— LUX
— XENON1T

Vector, Dirac, gq =0.25, o= 1
Observed 90% CL
----- Median expected 90% CL
| ool L
10 107 10°
mpy [GeV]

35.9 b (13 TeV)

T T 2
- CM 3 =
- S _ ~ » 1= 1028
C Vector, Dirac, g =0.25,g_ =1 ] e
[ —— Observedp =1 E 5
o Theoretical uncertainty 7 _8

Median expected p__ =1 =100

—

O

S

s (DM-nucleon) [cm?]

CMS,

1810.00196

35.9 b (13 TeV)
ANLEEN B LN

800———————————— . 2
r =1
700F cmsS . =10%g
r . e = o
r 7 E
600}~ Axial Vector, Dirac, g, =0.25, g, =1 ]
[ = Observedp_ =1 —10 Ke]
500fF o Theoretical uncertainty 3 O
r Median expected By = 1 ]
400 :_ 68% expected .
Bt Qxh? 2 0.12 =1
300F 1
200 e 10—1
100F
e, P LI I P 2
500 1000 10
M., [GeV]
35.9 fb' (13 TeV)
W EmEE T AT
107 \ ‘
CMS
107
107%
104k
E — PICASSO
[ — Super-K(bb)
10—41 PICO-60 —
IceCube(tt) \ E
102k — .
E‘" Axial vector, Dirac, 9.7 0.25,g =1 3
1078 Observed 90% CL -
; ----- Median expected 90% CL 3
10—44 o el L | Lol
1 10 10° 10°
mpy [GeV]
24




Short Track Counts

T ™

Obs / Pred

10?

CMS Preliminary

Disappearing Tracks

2017-18 DATA SR

101 b (13 TeV)

+ Observation

s Prediction, Statistical Errors

- Prediction, with Total Error
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CMS Preliminary

137 fb™ (13 TeV)
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Some Recent HL-LHC Projections
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BSM Projections

4 Beyond the Standard Model Physics
4.1 Estimated sensitivity for new particle searches (CMS-FTR-16-005) . . .. ... .. ..
4.2 Search for stau production (CMS-FTR-18-010) . . ... ... .. ... . ... .....
4.3 Searches for staus, charginos and neutralinos (ATL-PHYS-PUB-2018-048) . . .. ..
4.4 Searches for light higgsino-like charginos and neutralinos (CMS-FTR-18-001) . . . . .
4.5 Sensitivity to winos and higgsinos (ATL-PHYS-PUB-2018-031) . ... .. .. ... ..
4.6 Top squark pair production (ATL-PHYS-PUB-2018-021) . .. .. ... .. ... ....
4.7 Sensitivity to Two-Higgs-Doublet models with an additional pseudoscalar with four
top quark signature (ATL-PHYS-PUB-2018-027) . . .. ... .. ... .. ... ....
4.8 Searches for new physics in hadronic final states using razor variables (CMS-FTR-
18-037) v i i i e e e e
4.9 Extrapolation of ERiss + jet search results (ATL-PHYS-PUB-2018-043) . . .. ... ..
4.10 Sensitivity to long-lived particles with displaced vertices and E#ss signature (ATL-
PHYS-PUB-2018-033) . . . . . o o ottt it e e e e e e e e e e e e e e e
4.11 Sensitivity to dark photons decaying to displaced muons (CMS-FTR-18-002) . . . ..
4.12 Dark-photons decaying to displaced collimated jets of muons (ATL-PHYS-PUB-2019-
002) o ot
4.13 Mono-Z search for dark matter (CMS-FTR-18-007) . . . ... .. ... .. ... ....
4.14 Dark Matter searches in mono-photon and VBF+EXiss (ATL-PHYS-PUB-2018-038) . .
4.15 Search for invisible particles in association with single top quarks (ATL-PHYS-PUB-
2018-024) . . i e e e e e e
4.16 Dark matter produced in association with heavy quarks (ATL-PHYS-PUB-2018-036) .
4.17 Excited leptons in ¢¢~ final states (CMS-FTR-18-029) . . ... ... ... ... ....
4.18 Heavy composite Majorana neutrinos (CMS-FTR-18-006) . . .. ... .. ... .. ..
4.19 Search for ¢ resonances (CMS-FTR-18-009) . . . .. .. ... ... ... ..
4.20 Search for a massive resonance decaying to a pair of Higgs bosons in the four b
quark final state (CMS-FTR-18-003) . . . . . . oot et e
4.21 Search for a massive resonance decaying to a pair of Higgs bosons in the four b
quark final state (ATL-PHYS-PUB-2018-028) . .. .. ... ... ... ... .. ....
4.22 Search for Z’ and W’ bosons in fermionic final states (ATL-PHYS-PUB-2018-044) . . .
4.23 Pair production of scalar leptoquarks decaying into a top quark and a charged lepton
(CMS-FTR-18-008) . . . . . o ittt et e e e e e e e e e e e
4.24 Leptoquark search in decays into 7 leptons and b quarks (CMS-FTR-18-028) . . . . .
4.25 Heavy gauge boson W' in the decay channel with a = lepton and a neutrino (CMS-
FTR-18-030) . . o o o o e e e e e e e e e e e e e e e e e e

https://arxiv.org/abs/1902.10229
DM at LHC
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Direct chargino and neutralino production

* Final states with ¥° and )“('i_LSPs comprise a large

fraction of R-parity conserving parameter space
e Current 95% CL exclusion limits ~250 GeV for massless

LSP

 Selection criteria efficiency shows a dependence on

pileup, degrades limits somewhat at low masses

* Major increase in exclusion possible for HL-LHC dataset
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S 600 ATLAS Simulation Preliminary ### Standard Model — S —DarkSide-50
- Is = 14 TeV, 3000 fb"", DM+bb Z+jets 2 0 arsaet 0206554
b= m(y)=1GeV,g=1.0 e 7 2 10° —farldax
g L m(‘p) - 10 Gev (xam) - single 10p . ?.e LhGXEv Lett. 117 (2016) 121303
LIJ | mE‘p% = ?gDGGif\J; (gg‘))o} - W+JGB _ \: _EIXIV:‘EDB.D"NB: arXiv:1602.03489
— mia)= eV (x I Others o] —
400 | —— m(a) = 300 GeV (x4500) ] . XXEEQQJZT
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== ATLAS Limit Run 2
DarkSide-50 Y5=13TeV, 36.1 fo"
Scalar med\atcr Dirac DM, g = 1.0
Eur, Phys. J. C 78 (2018) 18
—44 — .
200 10 ézﬁgsmﬁ Pl;icovery
Scalar mediator, Dirac DM, g = 1.0
== ATLAS Expected Limit
Vs=14 TeV,‘ 3000 f? Tt
1 0745 %ENON‘T Scalar mediator, Dirac DM, g = 1.0
0
1 ATLAS Simulation Preliminary
cosé, = [tanh(An(b,b)/2)| All Limits at 90% CL
10—48 v el | L
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ATLAS Exotics

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: March 2019 fL dt = (3.2 - 139) ot ‘J_ =8,13TeV
Model Ly Jetst ET™ [rdim) Limit Reference
T T — T T — T T —
ADD Gkx +g/q Oe.pn 1-4j Yes 36.1 Mp 7.7 TeV n=2 1711.03301
ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
ADD QBH - 2j - 37.0 My, 8.9 TeV 1703.09127
ADD BH high ¥, pr zlep 22j - 3.2 |Mu 8.2TeV n =6 Mp =3TeV, 1ot BH 1606.02265
ADD BH multijet - >3j - 3.6 M 955TeV n =6 Mp =3 TeV.rotBH 1512.02586
RS1 Gyi = vy 2y - - 36.7 | Gk mass. 41 TeV k/Mpr = 0.1 1707.04147
Bulk RS G — WW/ZZ multi-channel 36.1 k/Mp = 1.0 1808.02380
Bulk RS Gyx — WW/ZZ — qqqq 0e,u 24 - 139 kMg = 1.0 ATLAS-CONF-2019-003
Bulk RS gy — tt 1ep =1b, 212 Yes 36.1 rjm=15% 1804.10823
2UED/RPP 1ep 22b=3j Yes 36.1 KK mass. 1.8 TeV Tier (1,1), BAMY — ¢r) =1 1803.09678
SSM Z' — &t 2ep - - 139 1903.06248
SSM Z' — 1 27 - - 36.1 |2 mass 2.42TeV 1709.07242
Leptophobic Z" — bb - 2b - 36.1 Z’ mass 2.1TeV 1805.09299
Leptophobic Z" — tt Tep =21b 2102 Yes 36.1 2’ mass 3.0 TeV Mim=1% 1804.10823
SSM W’ — év Tep - Yes  79.8 | W’ mass 5.6 TeV ATLAS-CONF-2018-017
SSM W’ — 1 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992
HVT V' = WV — gqqq model B 0 e, 24 - 139 gv =3 ATLAS-CONF-2019-008
HVT V' — WH/ZH model B multi-channel 36.1 V' mass 293 TeV gv=3 1712.06518
LRSM W — tb multi-channel 36.1 ‘W’ mass 3.25 TeV 1807.10473
. Clqqqq - 2j - 370 |a 21.8TeV 7, 1703.00127
Clétqq 2ep - - 36.1 |A 400 TeV 1, 1707.02424
Cl tret lep  zibzl] Yes 361 [A 2.57 TeV |Gl = 4 1811.02305
Axial-vector mediator (Dirac DM) Oep 1-4j Yes 36.1 Mimed 1.55 TeV 8,=0.25, g,=1.0, m(y) = 1 GeV 1711.08301
. Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mined 167 TeV £=1.0, m(y) =1 GeV 1711.03301
VVyy EFT (Dirac DM) Oep  1J,21) Yes 32 |m. 700 GeV m(x) <150 GeV 1608.02372
Scalarreson. ¢ — ty (DiracDM) 0-1eu  1b,0-1J Yes 36.1 my 34 TeV ¥ =0.4,1=0.2 m(x) =10 GeV 1812.09743
Scalar LQ 1* gen 12e 22j Yes 36.1 LQ mass. 14 TeV B=1 1902.00377
Scalar LQ 2" gen 124 2]  Yes 361 [LQmass 1.56 TeV B=1 1902.00377
Scalar LQ 3¢ gen 27 2b - 36.1 LQy mass 1.03 TeV BLQY — br) =1 1902.08103
Scalar LQ 3" gen 01 ep 2b Yes  36.1 [LQjmass 970 GeV B(LQY = tr) =0 1802.08103
VLQ TT — Ht/Zt/Wb+ X multi-channel 3.1 | Tmass 1.37 TeV Su@) doublet 1808.02343
VLQ BB — Wt/ Zb + X multi-channel 36.1 | Bmass 1.34 TeV SU(2) doublet 1808.02343
VLQ Ts3Ts3 T3 —» Wt + X 2(SS)/z8eu 21b,21]  Yes 36.1 Ts/3 mass 1.64 TeV B(Tsp = W)=1,¢(T5;3We)=1 1807.11883
VLQ Y — Wh+ X lepy =21b 21 Yes 36.1 Y mass 1.85 TeV B(Y - Wh)=1, cg(Wb)=1 1812.07343
VLQ B = Hb+ X Oepu,2y >1b>1 Yes 79.8 |Bmass 1.21 TeV k=05 ATLAS-CONF-2018-024
VLA Q@ — WglWg lep 24]  Yes 203 |Qimassiesocev! 1509.04261
Excited quark g* — qg - 2j - 139 only u” and d°, ATLAS-CONF-2019-007
Excited quark ¢° — qy 1y 1j - 36.7 only u” and d", 1709.10440
Excited quark b* — bg - 1b1j - 36.1 1805.09299
Excited lepton ¢* Bepn - - 20.3 A=30TeV 14112921
Excited lepton v* 3eurt - - 20.3 A=16TeV 14112921
Type Il Seesaw Tepn 22]j Yes  79.8 ATLAS-CONF-2018-020
LRSM Majorana v 2p 2j - 36.1 m(Wg) =41TeV, & = gr 1809.11105
Higgs triplet H== — £f 234epu(S8) - - 36.1 DY production 1710.09748
Higgs triplet H== — ¢7 3eprt - - 20.3 DY production, B(H:* — (1) = 1 14112021
Multi-charged particles - - - 36.1 multi-charged particle mass DY preduction, |g] = e 1812.03673
Magnetic monopoles - - - 7.0 DY production, [g] = 1gp, spin 1/2 1509.08059

Vs =13 TeV
partial data

107!

*Only a selection of the available mass limits on new states or phenomena is shown.
FSmall-radius (large-radius) jets are denoted by the letter j (J).
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CMS Exotics

B 13Tev []8Tev
LQ1(ej) x2

LQ1{ej)+LQ1(v) B=0.5 .
LQ2() %2 coloron(jj) x2

LQ2(i)+LQ2() P=0.5 coloron(4j) x2 it
LQ3(tb) x2 LSDTOQUGrkS o Multijet
e = gluino(dj) x2 Resonances

Loa()x2 =2
Lasvt) x2 =3 "
Single LQ1 (A=) ] gluino(jjb) x2
sraelaz0n 0 1 2 3 4 Tev

0 1 2 3 4  TeV

ADD (y+MET), nED=4, MD

RS1(j), k=0.1 RS Gravitons ADD (j), nED=4, MS

RS1 (VY] k=0.1 QEH, nED=8, MD=4 TeV

RS1(ee.u), k=01 | 1 NR BH, nED=6, MD=4 TeV/
|

1 2 3 4 Tev

String Scale (jj)

QBH (ji), nED=4, MD=4 TeV

CMS Preliminary ADD (+MET]), nED=4, MD

ADD (ee,py), nED=4, MS LClrgEf EZ‘(TFQ
APD W), nED=4, 1S Dimensions
SSM Z'(tT) Jet Extinction Scale
SSM Z'(jj)
SSM Z'(ee)+Z'(uy) Tev
SSM W(jj) dijets, A+ LL/RR
SSM W'(Iv) dijets, A- LL/RR
SSM Z'(bb) —————1 dimuons, A+ LLIM
0 q 2 3 4 5 TeW dimuons, A~ LLIM
, dielectrons, A+ LLIM
Excited dielectrons, A- LLIM
e (M=h) Fermions single e, A HNGM :
“*c:[“:;;\i single p, A HACM
a* (ay) f=1 inclusive jets, N+
b* inclusive jets, -

0 1 2 3 4 5 6 TeV 012345678 910111213141516171819 TeV

CMS Exotica Physics Group Summary — ICHEPR, 2016
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ATLAS LLPs

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

ATLAS Preliminary

Status: March 2019 [Ldt=(34-36.1)fo"1 5=8,13TeV
Model Signature  [£dt [ib7'] Lifetime limit Reference

RPV 2 — eevfeuv/uuy  displaced lepionpair 203 | x? Iiie;im e.  m R e ) o m(g): ;.;ITeV, m(,;‘,’):ll.f;Te'VI 1504.05162
aeMy) - 76 displaced vtx + jets 20.3 X‘; litetime m(g)= 1.1 TeV, m(y?)= 1.0 TeV 1504.05162
GGM S - Z G displaced dimuon 32.9 ,\{ litetime 0.029-18.0 m m(g)=1.1TeV, m(x?)= 1.0 TeV 1808.03057
GMSB non-pointing or delayed y  20.3 ,\/'; litetime _ SPS8 with A= 200 TeV 1409.5542
AMSB pp — vy x{y;  disappearingtrack  20.3 |7 lfetime . o02230m mix)= 450 GeV 1310.3675
AMSB pp — yiy% x{x;  disappearing track 36.1 | xF lifetime 0.057-1.53m m(yt)= 450 GeV 1712.02118
AMSB pp — ¥y xfx;  large pixel dE/dx 18.4 |7 lifetime . 13190m mi})= 450 Gev 1506.05332
Stealth SUSY 2 ID/MS vertices 195 | § ifetime [ vizg06m) ()= 500 Gev 1504.03634
Split SUSY large pixel dE/dx 36.1 | g lifeime >09m m(g)= 1.8 TeV, m(x})= 100 GeV 1808.04095
Split SUSY displaced vtx + E;'""' 32.8 g lifetime 0.03-13.2m m(g)= 1.8 TeV. m(x{)= 100 GeV 1710.04901
Split SUSY 0, 2-6jets +E.;’“" 36.1 g lifetime 0.0-21m m(g)= 1.8 TeV, m(y?)= 100 GeV | ATLAS-CONF-2018-003
H—ss low-EMF trk-less jets, MSvix36.1 | s lifetime 0.18-120.0 m m(s)= 25 GeV 1902.03094
FRVZ H - 2ya + X 2 -, u-jots 203  |Falielime o-3 mm m(yg)= 400 MeV 1511.05542
FRVZ H — 2y4 + X 2 e, p—, n-jets 3.4 | yqlifetime 0.022-1113m m(ya)= 400 MeV ATLAS-GONF-2016-042
FRVZ H — 4yg + X 2 e—, p—, m—jets 3.4 | ya lifetime 0.038-1.63 m m(yqg)= 400 MeV ATLAS-CONF-2016-042
H—- 2,2, displaced dimuon 329 Z 4 lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057
H—Z2Z4 2 e, + low-EMF trackless jet36.1 | Za lifetime 0.22-53m m(Z4)=10 GeV 1811.02542
VH with H — ss — bbbb 1 -2¢ + multi-bjets  36.1 | s lifetime  0-3 mm B(H — ss)=1, m(s)= 60 GeV 1806.07355
(200 GeV) — s low-EMF trk-less jets, MS vix 36.1 | s lifetime 0.41:51.5m o x B= 1pb, m(s)= 50 GeV 1902.03094
(600 GeV) — ss low-EMF trk-less jets, MSvix 36,1 | s lifetime 0.04-21.5 m o x B= 1pb, m(s)= 50 GeV 1902.03094
(1 TeV) = ss low-EMF trk-less jets, MS vix 36.1 | s lifetime 0.06-524m o x5=1pb, m(s)= 150 GeV 1902.03094
HY Z'(1 TeV) = qugv 2 ID/MS vertices 20.3 s lifetime o x B=1pb, m(s)= 50 GeV 1504.03634

I HV Z'(2 TeV) — quqv 2 ID/MS vertices 20.3 s lifetime o % B=1pb, m(s)= 50 GeV 1504.03634

PR | P PR | P
0.01 100 cT [m]
*Only a selection of the available lifetime limits is shown. 0.01 0-1 | 10 100
7 [ns]
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RPV SUSY,T — bl, m(f) = 420 GeV
8TeV, 19.7 b (displaced leptons)

H— XX {10%), X — ee, m{H) = 125 GeV, m(X) = 20 GeV
8 TeV, 19.6 tb" (displaced leptons)

H— XX (10%), X — py, m(H) = 125 GeV, m(X) = 20 GeV
8TeV, 205" (displaced leptons)

GMSB 5PSB, 7, — G y, m) = 250 GeV
8 TeV,18.7 fb" (disp. photon conv.)

GMSB SPSB, %, — B v, m(¥)) = 250 GeV
8 TeV, 19.1 fb™ (disp. photon timing)

RPV SUSY, m(@) = 1000 GeV, m(%.) = 150 GeV
B TeV, 1851b" (displaced dijets)

RPV SUSY, m(§) = 1000 GeV, m(%.) = 500 GeV
B TeV, 1851b” (displaced dijets)

AMSB 7,75 — %, # «', m{i) = 200 GeV
8TeV, 195" (disappearing tracks)

cloud model R-hadron, m(g) = 1000 GeV
8TeV, 186" (stopped particle)

AMSB ¥, tan(p) = 5, u > 0, m(¥) = 800 GeV
8 TeV, 18.81b" (tracker + TOF)

AMSB il tan(p) =5, u=0, rn[i;) =200 GeV
8 TeV, 18.81b" (tracker + TOF)

CMS LLPs

CMS long-lived particle searches, lifetime exclusions at 95% CL

DM at LHC
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Machine Learning in Simulation
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. -==- Herwig (dipole)
AR Sherpa a
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PYTHIA .
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Signal Efficiency

Normalized Intensity Difference
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Normalized Intensity Difference

https://arxiv.org/pdf/1609.00607.pdf
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Trigger

Typical offline selection

Trigger Selection

Level-1 Peak | HLT Peak
Rate (kHz) Rate (Hz)

Level-1 (GeV' HLT (GeV
(V) (@9 L=17x10"%cm s T

Single isolated g, pt > 27 GeV 20 26 (i) 15 180

Single isolated tight e, pt > 27 GeV 22() 26 () 28 180
Single leptons | Single u, pt > 52 GeV 20 50 15 61
Single e, pt > 61 GeV 22(i) 60 28 18
Single 7, pt > 170 GeV 100 160 1.2 47

Two u, each pt > 15 GeV 2x10 2x 14 1.8 26
Two 1, pr > 23,9 GeV 20 22,8 15 42
Two very loose e, each pt > 18 GeV 2x 15 (i) 2x17 1.7 12
One e & one u, pt > 8,25 GeV 20 () 7,24 15 5
Two leptons One e & one g1, pp > 18, 15 GeV 15, 10 17,14 2.0 F3
One e & one u, pt > 27,9 GeV 22 (e, i) 26,8 28 3
Two 7, pt > 40, 30 GeV 20 (i), 12 (i) (+jets, topo) 35,25 5 61

One 7 & one isolated p, pT > 30, 15 GeV 12 (1), 10 (+jets) 25,14 (1) 2.1 10
One 7 & one isolated e, pt > 30, I8 GeV 12 (i), 15 () (+jets) 25,17 () 4 15

Three loose e, pr > 25, 13, 13 GeV 20,2x 10 24,2x12 1.3 < 0.1
Three u, each pt > 7 GeV 3x6 3x6 0.2 6
Three leptons Three p, pt > 21,2 x5 GeV 20 20,2x4 15 8
Two p & one loose e, pt > 2x 11, 13 GeV 2% 10 (p) 2x 10,12 18 0.3

Two loose e & one u, pt > 2% 13, 11 GeV 2x8, 10 2% 12,10 1.7 0.1
[ One photon | One loose y, pr > 145 GeV 22 (i) 140 28 I 43
Two loose y, pt > 55, 55 GeV 2 %20 50, 50 2.6 6
Two photons Two medium 7y, pt > 40, 30 GeV 2x20 35,25 2.6 17
Two tight y, pT > 25, 25 GeV 2x15(3) 2 x20 (i) 1.7 14
Jet (R = 0.4), pr > 435 GeV 100 420 33 33
Single jet Jet (R = 1.0), pt > 480 GeV 100 460 33 24
Jet (R = 1.0), pt > 450 GeV, et > 50 GeV 100 420, Mot > 40 33 29

[ EFs [ EF™ > 200 GeV 50 110 5 I 110
Four jets, each pt > 125 GeV/ 3 x50 4x 115 0.5 16
Multi-iets Five jets, each pt > 95 GeV 4x15 5x 85 5 10
Jets Six jets, each pt > 80 GeV 4x 15 6x70 5 4
Six jets, each pt > 60 GeV, ] < 2.0 4x15 6x55, ] <2.4 5 15
One b (e = 40%), pt > 235 GeV 100 225 33 15
Two b (e = 60%), pt > 185, 70 GeV 100 175, 60 33 12
b—jets One b (e = 40%) & three jets, each pt > 85 GeV 4x 15 4x75 5 15
Two b (e = 70%) & one jet, pT > 65, 65, 160 GeV 2x30, 85 2% 55,150 1.2 15
Two b (e = 60%) & two jets, each pp > 65 GeV 4x15,[p] <2.5 4 %55 32 13
Two u, pt > 11,6 GeV 11,6 11, 6 (di-p) 2.5 47
B-Phusics Two 1, pt > 6,6 GeV, 2.5 < m(u, i) < 4.0 GeV 2% 6 (J /i, topo) 2%6 /) 16 48
ysics Two u, pt > 6,6 GeV, 4.7 < m(u, p) < 5.9 GeV 2 X6 (B, topo) 2X6(B) 1.6 5
Two 1, pt > 6,6 GeV, 7 < mu, p1) < 12 GeV 2% 6 (T, topo) 2%6(T) 14 10

[ Total Rate 85 I 1550

DM at LHC
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o 1o ' UL AR A R W

— ATLAS Vs =13 TeV, 3.6-37.0fb " .

1

-~

— 95% CL upper limits

| I/m,=045_ B Observed

= N e . /"7 --- Expected
0.5 | T/m,=0.1_____________ o _ “

| Tm,=0.07_ T Dijet 8 TeV

0.4
03 — (Preliminary)

Phys. Rev. D 91, 052007 (2015)

—— Boosted dijet + ISR

36.11b "
arXiv: 1801.08769

—— Resolved dijet + ISR (y)
Preliminary, 155 fb "'
ATLAS-CONF-2016-070

—— Resolved dijet + ISR (j)

Preliminary, 15.5 fb ™'
ATLAS-CONF-2016-070

—— Dibjet
243&36.11 "
Phys. Rev. D 98 (2018) 032016

—1 — Dijet TLA

36829.71

Phys. Rev. Lett. 121 (2018) 081801
— tt resonances

36.11b
— Eur. Phys. J. C 78 (2018) 565
Dijet
37.0fb "
Phys. Rev. D 96, 052004 (2017)

Dijet angular
3701
L L ] S R R E I |||||||||||||||||||||||||u.|m Phys. Rev. D 96, 052004 (2017)

| ]
100 200 1000 2000
m, [GeV]

Axial vector mediator

0.05 Dirac DM

004 . m,=10TeV, g,= 1.0

0.03
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c/ 0-theory

10°
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107"

CMS Preliminary EPS 2017
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G/ 0-theory
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CMS Preliminary EPS 2017
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ediator, Dirac DM

0,gx=1
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== Dijet
Diet¥s =13 TeV, 37.0 fb
PRD 96, 052004 (2017)
Dijet TLA Y5 = 13 TeV, 29.3 fo"’
PRL 121 (2018) 0818016
Dijet + ISR¥E =13 TeV, 155 fb”!
Preliminary ATLAS-CONF-2016-070

— tt resonance

¥s =13 TeV, 36.1 fb’
EPJC 78 (2018) 565

= Dibjet
s =13 TeV, 36.1 1"
PRD 88 (2018) 032016

T E4X
Ef +y¥5=13Tev, 36.1 b
Eur. Phys. J. C 77 (2017) 393
E*+jet ¥5 = 13 Tev, 36.1 o™
JHEP 1801 (2018) 126
El™+Z()¥E =13 TeV, 36.1 fo”
PLB 776 (2017) 318
ET™+V(had) ¥5 = 13 TeV, 36.1 fb”
JHEP 10 (2018} 180
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] — Dilepton

Ys=13TeV, 36.1 1"
JHEP 10 (2017) 182

== Dijet
Dijet¥s =13 TeV, 37.0fb”
PRD 96, 052004 (2017)

Diet TLA¥s = 13 TeV, 20.3 b
PRL 121 (2018) 0818016

il

/

=

m, [TeV]
~

—
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