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ATLAS DETECTOR LS2 UPGRADES

I MUON NEW SMALL WHEELS NEW READOUT SYSTEM FOR THE NSWs LIQUID ARGON
(NSW) The NSW system includes two million micromega readout CALORIMETER
Installed new muon detectors with channels and 350 000 small strip thin-gap chambers New electronics boards installed,
precision tracking and muon selection  (STGC) electronic readout channels. increasing the granularity of

capabilities. Key preparation for the signals used in event selection and
improving trigger performance at

higher luminosity.

splic

7Tev 3TV | bu

2011 2012

75% nominal Lumi

TRIGGER AND DATA NEW MUON CHAMBERS IN THE CENTRE ATLAS FORWARD PROTON
ACQUISITION SYSTEM (TDAQ) OF ATLAS (AFP)

Upgraded hardware and software Installed small monitored drift tube (sMDT) detectors Re-designed AFP time-of-flight
allowing the trigger to spot a wider alongside a new generation of resistive plate chamber detector, allowing insertion into the
range of collision events while (RPC) detectors, extending the trigger coverage in LHC beamline with a new “out-of-

maintaining the same acceptance rate. preparation for the HL-LHC. vacuum” solution.




ATI AS DETECTOR 1 €2 1IDCRANES

BEAM PIPE

Replaced with an entirely new one
compatible with the future tracker
upgrade for HL-LHC, improving the
vacuum and reducing activation.

HADRON
CALORIMETER

New on-detector electronics
installed to reduce noise
and improve energy
measurement in the
calorimeter.

CMS DETECTOR LS2 UPGRADES

PIXEL TRACKER
All-new innermost barrel pixel layer,

in addition to maintenance and repair
work and other upgrades.

New generation of detectors
for monitoring LHC beam
conditions and luminosity.

CATHODE STRIP
CHAMBERS (CSC)

Read-out electronics upgraded
on all the 180 CSC muon
chambers allowing performance
to be maintained in HL-LHC
conditions.

SOLENOID MAGNET

New powering system to
prevent full power cycles
in the event of powering

i problems, saving valuable
J time for physics during
collisions and extending
the magnet lifetime.

GAS ELECTRON
MULTIPLIER (GEM)

%\ DETECTORS

An entire new station of detectors
¥ installed in the endcap-muon
system to provide precise muon
tracking despite higher particle
rates of HL-LHC.
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Now

}

13.6 TeV 13.6- 14 TeV
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Higher luminosity means more multiple interactions
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A CMS event with 78 interactions
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Trigger Improvements for Run3
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Trigger Improvements for Run3
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Trigger Improvements for Run3

CMS-DP-2023-050

200 300 400 500 600 700 800 900 1000
R
mPee [GeV]

3 R R l T 177 [ 2 1 4 0 I 1T 17 l O R [ 1T 17 l 1T 1771 l T T
| = I -
= - ¥ -
L | v )
6 ve - Iz 1x &l I Iz 3 i al I | ElE A | ESE1 AU T T 1 | T T 1 l (U L
(=) a o - —
- 16 CMS Simulation {s = 13, 13.6 TeV '"""",","m,w“’"f e —
0 HH — 4b Run 3 2023 HH parking [oeeete®* -
Q Lar x, =1 —=— Run 3 2022 HH standard —
E 1.2 —e— Run 2 2018 standard i
O -
3 oo — - :
e . — —.—.—I—.— ; s 7
= 08 ¢ —-— ATLAS Preliminary ~ —
—— o——0——0—0—o¢ o : i
0.6 | —o— LHC Fill 9072 _
[ —a—e— Vs=13.6 TeV .
04 F without Overlap |
021 —e—  =4jets,p_>30GeV, <25 T T
i P 40 50 60 70
oo s b by by by b b b by Offline Electron p T [GeV]

20


https://cds.cern.ch/record/2868787?ln=en

Trigger Improvements for Run3
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Trigger Improvements for Run3
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First Run-3 Results
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First Run-3 Results
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First Run-3 Results
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Detector Understanding/Calibration

. . . . arXiv:2309.05471
Improving understanding / calibration of detectors
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Detector Understanding/Calibration

. . . . arXiv:2309.05471
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Detector Understanding/Calibration

arXiv:2309.05471
Eur. Phys. J. C 78 (2018)

Improving understanding / calibration of detectors
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Detector Understanding/Calibration
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Detector Understanding/Calibration

arXiv:2309.05471
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Prompt Lepton Identification
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B-Quark Identification

Machine Learning major impact in b-tagging
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B-Quark Identification

Machine Learning major impact in b-tagging

Evolution of heavy Flavor tagging
Theme: Deeper, fancier networks with lower-level inputs
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B-Quark Identification

Machine Learning major impact in b-tagging

Evolution of heavy Flavor tagging
Theme: Deeper, fancier networks with lower-level inputs

DeepCSV:
Charged (8 features) x6
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Global variables (12 features)
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Global variables (15 features) 9
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B-Quark Identification
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B-Quark Identification
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B-Quark Identification
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B-Quark Identification

g J o 4N T \/

Light jet rejection - b tagging efficiency ¢ = 70%
I]JetProb 2010

Initial tagger based on track impact parameter

H IP3D-JetFitter/SV1 201
gager

impact Parameter (IP) and Secondary Vert
Tagger combination based on MultiVariate method (MV)

H MV1 2014

MV tagger after IBL insertion at Run 2

ﬂmvzczo- IBL 2018

Deep Learning Neural Network tagger

N DL1r* 2019

|] Graph Ncur.‘il llc!wurk tagger
* Variation in efficiency due to lower jet threshold and improved charm rejection
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_ R_.Mmark Identificatian

initial tagger based on tr

H JetProb 2010
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Things Once Thought Impossible:



Jets / 1 unit

Things Once Thought Impossible:
Charm Jet Tagging
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Challenging, background from both sides:
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Jets / 1 unit

Things Once Thought Impossible:
Charm Jet Tagging
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Things Once Thought Impossible:
Charm Jet Tagging
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Things Once Thought Impossible:

Charm Jet Tagging

138 b (13 TeV)
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Things Once Thought Impossible:
Data Scouting

HLT output limitation bandwidth / not event rate.
Reduce event size (only store HLT objects)
=> can Increase output event rate
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Events / 0.1 GeV

Things Once Thought Impossible:
Data Scouting

HLT output limitation bandwidth / not event rate.
Reduce event size (only store HLT objects)
=> can Increase output event rate

CMS Preliminary 96.6 fo' (13 TeV)
108 é— Run 2 dimuon events collected in the standard and scouting datasets
E Standard single and double muon triggers
10 E Scouting double muon triggers
10° é—
10° ;—
10 ;—
10° ;—
e

L L L l L 1 I L l 1
20 30 40 50 60 70 100 200
m,, [GeV]
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Data Scouting

Events / 0.1 GeV

Things Once Thought Impossible:

HLT out
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Things Once Thought Impossible:

Data Scouting
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Efficiency

Things Once Thought Impossible:

Displaced Trigger Tracking

Displaced Tracks
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Efficiency

Things Once Th

ought Impossible:

Displaced Trigger Tracking

Disnlaced Tracks Disnlaced 11s
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Things Once Thought Impossible:

Anomaly Detection at L1 More I

CMS Preliminary 2023 (13.6 TeV)
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https://cds.cern.ch/record/2876546/files/DP2023_079.pdf

Things Once Thought Impossible:

Anomaly Detection at L1 More nf
CMS Preliminary 2023 (13.6 TeV)
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Things Once Thought Impossible:

CMS Experiment at the LHC, CERN
' Data recorded: 2023-May-24 01:42:17.826112 GMT
N
« =

Run / Event/LS: 367883 / 374187302 / 159

7 offline jets pr> 15 GeV / muon / 75 primary vertices

Signal efficiency Gain  46%




Things Once Thought Impossible:
L1 Track Trigger for Pb-Pb

Ultra Peripheral Pb-Pb events ~ yy collider

Pb Pb
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Things Once Thought Impossible:
L1 Track Trigger for Pb-Pb

Ultra Peripheral Pb-Pb events ~ yy collider
Transition Radiation Tracker (TRT) for track trigger.

tt candidate

Pb Pb

Pb Pb




Things Once Thought Impossible:
L1 Track Trigger for Pb-Pb

Ultra Peripheral Pb-Pb events ~ yy collider
Transition Radiation Tracker (TRT) for track trigger.

L1 TRT efficiency
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LHC
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Standard Model Production Cross Section Measurements
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Status: October 2023

Standard Model Production Cross Section Measurements
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Measuring mtop

LHCTopWGSummaryPlots
ATLAS+CMS Preliminary Miop SUMMary, Vs = 1.96-13 TeV November 2023
LHCtOpWG
-------- LHC comb. (Sep 2023%), 7+8 TeV LHctopwa [1][16] ; : : |

statistical uncertainty
total uncertainty

LHC comb. (Sep 2023*), 7+8 TeV H!:H 172.52 + 0.33 (0.14 + 0.30) <20 o' [1][16]
World comb. (Mar 2014), 1.9+7 TeV :'I—I—-—H 173.34 +0.76 (0.36 + 0.67) <8717, [2]
ATLAS, l+jets, 7 TeV = 172.33+1.27 (0.75+ 1.02) 4.6 o™, [3]
ATLAS, dilepton, 7 TeV —t——— 173.79 +1.42 (0.54 + 1.31) 461" [3]
ATLAS, all jets, 7 TeV D H F— 175.1+£1.8 (1.4+1.2) 467 [4]
ATLAS, dilepton, 8 TeV H—'—H 172.99 + 0.84 (0.41£ 0.74) 20.3 o', [5]
ATLAS, all jets, 8 TeV ——— 173.72 + 1.15 (0.55 + 1.02) 20.3 o', [6]
ATLAS, l+jets, 8 TeV === 172.08 + 0.91 (0.39 + 0.82) 20.2 b, [7]
ATLAS comb. (Sep 2023*) 7+8 TeV I-E*H 172.71 £ 0.48 (0.25 + 0.41) <2037 [1]
ATLAS, leptonic inv. mass, 13 TeV : = 174.41£0.81 (0.39+0.66 £0.25)  36.1 b, [8]

total stat

My,  total (stat £ syst + recoil) [GeV] J.L dt  Ref.

ATLAS, dilepton (*), 13 TeV e

CMS, I+jets, 7 TeV E———— 173.49 + 1.07 (0.43 + 0.98) 4910, [10]
CMS, dilepton, 7 TeV et 1725+ 1.6 (0.4 £ 1.5) 4.9 17 [11]
CMS, all jets, 7 TeV —— 173.49 + 1.39 (0.69 + 1.21) 351", [12]
CMS, l+jets, 8 TeV e 172.35+ 0.51 (0.16 + 0.48) 19.7 o', [13]
CMS, dilepton, 8 TeV —tot:— 172.22 75 (018 %) 19.7 0", [14]
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Why keep measuring the Higgs ?

Expect contributions from new physics to correct Higgs mass:

e h

new physics

If new physics interacts with the

electro-magnetic: strong force:
7 g

7 g
Modifies rate a which Higgs bosons Modifies rate a which Higgs bosons
decay to photons. are produced at LHC
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The Higgs Self-Coupling

Expect contributions from new physics to correct Higgs mass:

by construction, cannot avoid:
Higgs interaction: h

Modifies Di-Higgs production
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Compressed Mass Spectra
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Case Study: H—aa —4y
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LHC HL-LHC
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7 TeV 8 Te\

2011 2012

75% nominal Ly

NEW TECHNOLOGIES FOR THE HIGH-LUMINOSITY LHC

CIVIL ENGINEERING “CRAB” CAVITIES
2 new 300-metre service 16 superconducting “crab” cavities for
tunnels and 2 shafts near the ATLAS and CMS experiments to

ATLAS and CMS. tilt the beams before collisions.

FOCUSING MAGNETS

12 more powerful quadrupole magnets
for the ATLAS and CMS experiments,
designed to provide the final focusing

of the beams before collisions.

SUPERCONDUCTING LINKS COLLIMATORS CRYSTAL COLLIMATORS
Electrical transmission lines based on a high- 15 to 20 additional collimators and New crystal collimators in the
temperature superconductor to carry the very replacement of 60 collimators with IR7 cleaning insertion to improve

high DC currents to the magnets from the improved performance to reinforce cleaning efficiency during
powering systems installed in the new service machine protection. operation with ion beams.
tunnels near ATLAS and CMS.

00 fb!

00 fb™

https://home.cern/science/accelerators/high-luminosity-lhc/technologies

— enqjay
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CIVIL ENGINEERING
2 new 300-metre service
tunnels and 2 shafts near
ATLAS and CMS.

7 TeV 8 Te\

2011 2012

NEW TECHNOLOGIES FOR THE HIGH-LUMINOSITY LHC

“CRAB” CAVITIES

16 superconducting “crab” cavities for
the ATLAS and CMS experiments to
tilt the beams before collisions.

75% nominal Ly

SUPERCONDUCTING LINKS
Electrical transmission lines based on a high-
temperature superconductor to carry the very

high DC currents to the magnets from the
powering systems installed in the new service
tunnels near ATLAS and CMS.

https://home.cern/science/accelerators/high-luminosity-lhc/technologies

for the ATLAS and CMS experimerss
designed to provide the final focusing
of the beams before collisions.

COLLIMATORS
15 to 20 additional collimators and
replacement of 60 collimators with
improved performance to reinforce

machine protection.

4

CRYSTAL COLLIMATORS
New crystal collimators in the
IR7 cleaning insertion to improve
cleaning efficiency during
operation with ion beams.
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LHC:
Event with ~30 vertices
Typical Run 2-3

HL




Future: 200 Interactions ATLAS

EXPERIMENT

HL-LHC ti event in ATLAS ITK
at <p>=200

Future LHC Simulation

Higher £ = more radiation
(up to a GigaRad at high n!)




HL-LHC “Upgrades”

. All-silicon 1nner tracker
~1 MHz tracking in trigger
Endcap Timing layer (LGAD)
New Muon chambers
Electronics upgrades

CMS:  All-silicon inner tracker

40 MHz tracking 1n trigger
High-Granularity Calorimeter Endcap
Barrel and Endcap timing layers (LY SO+S1PM / LGAD)

New Muon chambers
Electronics upgrades
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HL-LHC “Upgrades”

. All-silicon inner { Themes:

CMS:  All-silicon 1nner tracker

40 MHz tracking 1n trigger
High-Granularity Calorimeter Endcap
Barrel and Endcap timing layers (LY SO+S1PM / LGAD)

New Muon chambers
Electronics upgrades
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Upgrade Status

ATLAS & CMS upgrades making good progress
Transitioning to pre-production

Schedule extremely tight !

Highest priority of experiments and CERN
CMS
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Nature 607, 60-68 (2022).

2016 result
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No matter why you travel, our list offers inspiration. za#x+xs

| v JGeneva, Switzerland @

Satisfy your curiosity about quantum phys/gee-=
your cravings for chocolate
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University




Conclusions

Carnegie
Mellon
University

Have large — well understood — datasets in hand
Collecting new data ...

faster than ever
with upgraded detectors
Constantly improving ...
calibration of detectors
DR algorithms to analyze data
f" ] Using detectors in new ways:
> Doing things once thought impossible
o soft leptons / displaced / ultra high-precision
Higgs interesting now, continue to be as £ grows

/’“‘ Closing 1n on challenging (a priori interesting) phase space
| Building new detectors for HL-LHC
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