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https://arxiv.org/ftp/arxiv/ipapers/1902/1902.10229.pdf
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Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiatfion tracker
Semiconductor tracker
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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
g = Niobium titanium coil carrying ~18,000A
4 MUON CHAMBERS
. 4 ; J/ Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
4 / 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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CMS Integrated Luminosity Delivered, pp

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC
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LHC
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PDR PREPARATION
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13 TeV energy
splice consolidation BRI TOR YEIPADE I gg%;;l
olimit 4
button collimators TDIS absorber interaction - HE LH(.: luminosity
R2E project 11T dipole & collimator regions installation }
Civil Eng. P1-P5 j
2013 | 2014 ‘ 2015 ’ 2016 ‘ 2017 2018 2019 ‘ 2020 ‘ 2021 | 2022 ‘ 2023 ’ 2024 2025 ‘ 2026 “’H’H' 2038
ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
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nominal luminosity — ALICE - LHCb e 1
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15011 (3006 3000 f" JHEEERE
FP7
Hi-Lumi MAJOR CIVIL WORKS TECHNICAL INFRASTRUCTURE
DESIGN STUDY

ASSESS & TDR
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MAIN ACCELERATOR COMPONENTS
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https://indico.cern.ch/event/663474/contributions/3063611/attachments/16850

92/2743032/Gkougkousis ICNFP18.pdf

° ] %
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

“\ 6\10(‘ channels
LAr & Tile CAL electronics
v" New 12 bit digitization
c boards at 40MHz
~ v New pre-processors with
o 140Tb/s for Lar and 80Tb/s
for Tile
Inner Muon Spectrometer
v v New on and off detector and
trigger electronics
A Toroidal LHC Apparatu$ ¥ dditional RPCH@nd tiew
. . . MDTs in barrel region
v’ Biggest LHC experiment with several
sub-detectors TDAQ System  High Granularity Timing detector
" 26T-53m long Central v New DAQ high rate v’ <30 psec/ track timing
solenoid _ (FELIX) boards resolution
" 31T~ 20-.1m barrel torqld ¥ Distributed FPGA v’ 2.4 <n<4.0, 2 Silicon based,
v' ~ 139 fb! total integrated luminosity communication layers/side

Slide stolen shamelessly from E. L. Gkougkousis (IFAE)

2019 04 02 DM at LHC 8



https://indico.cern.ch/event/663474/contributions/3063611/attachments/1685092/2743032/Gkougkousis_ICNFP18.pdf

CMS @ HL-LHC Compact Muon Solenoid
CMS Tracker v Heaviest LHC experiment with several sub-
detectors

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 =

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

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\

Slidestolenshamelesslyrom E.L.Gkougkousi¢IFAR
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Building an Analysis



Average rate per run [Hz]
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Building an AnalyssSimulation & Reconstruction_g:

ATLAS

EXPERIMENT
Run: 305777
Event: 4144227629
2016-08-08 08:51:15 CEST

2019 04 02 DM at LHC




Building an AnalyssSimulation & Reconstruction‘g;

Rho Phi il &) Lego il e
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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 AnalyssSimulation & Reconstruction‘g,.

Hard-scatter jet

“Stochastic”

pile-up jet QCD pile-up jet

Hard scatter




Non-CollisionrBackgrounds

A EXPERIMENT
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Less complete

Dipole
Interactions

“Sketches of models”
More

complete

Dark Matter
Effective Field Theories

Dark
Photon

Minimal
Supersymmetric
Standard Model

Simplified
Dark Matter
Models

Contact
Interactions

Complete
Dark Matter
Models

Higgs
Portal

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: ATLABM overviewhttps://arxiv.org/abs/1903.01400

2019 04 02 DM at LHC
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Mediator: Visible Signatures
Dijet
Resolvedlijet + ISR
Boosteddijet + ISR
TriggerLevel Dijet
Dibjet
Dilepton
Samesigntt
odfresonance
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Mediator: MET Signatures

Jet+MET
F +MET
W/Z(hadronic)+MET
Z(0)&MET
h(c)+MET
h( N+HMET
Heavy flavor + MET
h->Invs
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LongLived

articles

Figure by H. Russell
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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
Axinos
Sgoldstinos

Neutral Naturalness
Composite Higgs
Relaxion

Asymmetric DM
Freeze-In DM

CoDecay m— T
Co-Decay

Co-Annthilation

Dynamical DM

WIMP Baryogenesis
Exotic Baryon Oscillations

BSM=/—LLP

(direct production of BSM state at

LHC that is or decays to LLP)

Hidden Valley ==

confining
Sectors

SM+V (+8) =

exotic 7.

decays

Leptogenesis

Minimal RH Neutrino

exotic Higgs

with U(l)pL 2’

with SU(2)r Wr ==

long-lived scalars

with Higgs portal 1
from ERS - fieiiviisniig.. -

Discrete Symmetries

HNL

decays

exotic Hadron
decays

1806.07396

DM at LHC
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Some Analysis Examples

ReminderMoriond 2019 results:

2019 04 02

DM: http://moriond.in2p3.fr/QCD/2019/TuesdayAfternoon/Pinna.pdf
LLPshttp://moriond.in2p3.fr/1QCD/2019/TuesdayAfternoon/Pedpmf
Higgshttp://moriond.in2p3.fr/IQCD/2019/SundayMorning/Brendlingpdf
Higgshttp://moriond.in2p3.fr/IQCD/2019/SundayMorning/Flechl.pdf

DM at LHC
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Trigger Level Analysis

ATLAS

EXPERIMENT

ATLASCONR2016030

ATrigger directly on loweenergy jets
and record only a portion of the s,

event

AUse L1 trigger to identify candidate
events

ARecord jet fomomentum and some
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dijet mass spectrum
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Photon + MET

ATrigger on photon, offline
cut onp;> 175 GeV and
MET > 170 GeV

ABeaminduced and machine
backgrounds require
dedicated selection on
shower shape/time

ASMbackgroundgackledvia
fits in control regions

2019 04 02
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Short Track Counts

T ™

Obs / Pred

CMS,
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T[i gg production, B@ — qq %,)=100% EXG:I- 9'005' paS

- Prediction, with Total Error
600

;‘ 1800 B I T T T T ‘[ T T & T l T T T T ] T T
-0 [ - ATLAS === Obs. limit (=1 cprcr)
X1 O, 1600[—s=13TeV,36.1 fb" === Exp. limits (+10,,,)
< o T 0-leptons, 2-6 jets - =~ Exp. limits MEff
- [ MEff or RJR (Best Expected) -=- Exp. limits RJR
CMS Preliminary 2017-18 DATA SR 101 b (13 TeV) _— T Al limits at 95% CL ~—— OL obs. limit (13 TeV, 3.2 fb")
102 + Observation 1000 :_ .................. i
s Prediction, Statistical Errors B : .
L2 800f
| =

III|IIIIIIIIIIIlII||Il|l|l||||l|l|l

400
o 1 I 1 1 1 1 I 1 1 1 :.' :-F 1 1 1
= 500 1000 1500 2000 2500
My [GeV]
[ ]

| CMS preiiminary 137 o' (13 TeV)

% pp—>3909,9—>qq i? Approx. NNLO+NNLL exclusion
)

= =—Observed = 10,

?
£ 1600| === Expected + 1 ¢

experiment

10™

1072

T T[T T[T T[T TT[T

600

—_
o
[

400

200

95% CL upper limit on cross section [pb]

T S [ R [ S S g Lyl g 9 1

Iilllllll Ll Lol Ll
-h
o
IS

TV

L
PRI IS e S FTIRTH I

800 1000 1200 1400 1600 1800 2000 2200 2400
m [GeV]

é’o

2019 04 02 DM at LHC

25




Events/0.5 ns

— — —
o o (=]
] w N

—_
o

CMS Preliminary

137 fb™ (13 TeV)

I IIIIH]I TTTT

"] Beam halo background

[ ] Core and satellite backgrounds
[ ] Cosmic background

—4— Observation

------- GMSB m; = 2400 GeV, ct, =1m
------- GMSB m; = 2400 GeV, ct, =10 m
------- GMSB m. = 2400 GeV, ct,=30m
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Heavy Charged LLPs

DM at LHC

ATLAS

EXPERIMENT

1902.01636
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