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... Compact Muon Solenoid (CMS) |
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Total weight : 14,000 tonnes 12,500 tonnes
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Magnetic field :3.8T

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

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

Hadronic Calorimeter
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Resolving Pileup With Precision|

Timing

Vertices that overlap in 3D are clearly separated in 4D
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KANSAS MTD Structural Overview (within CMS) | —
S\ |

Barrel Timing Layer (BTL) Endcap Timing Layer (ETL):
Silicon low gain avalanche
detectors (LGADs)
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KU | CMS.

¢iticne Test Beam Setup @ Fermilab | —

Compact Muon Solenoid
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Fermilab particle accelerator,
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Silicon LGAD Sensor Requirements{\\

O Time resolution requirement: 30-40 picoseconds

O Efficiency requirement: ~100% uniformly throughout
the sensor

O Radiation tolerance

Fluence vs radius
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Timing Resolution
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KU Sensor Requirement: S

Efficiency + Radiation Tolerance &

Hit efficiency, 12 mV
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Summary =)

® CMS detector at the Large Hadron Collider entering upgrade phase in
the near future

® Comes with increase in pileup
® Precision Timing @ CMS helps to reduce effects of pileup
® |mplemented with MIP Timing Detector
® MTD concluding R&D phase
® Fermilab test beam: ETL sensors performance meet expectations
® More tests @ KU will begin soon!
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woeeros Standard Model: building blocks of
RARKAS 2 9 —

Compact Muon Solenoid
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KU

Standard Model (SM)
measurements

Beyond Standard

Model (BSM) aka new
physics searches
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Goals of Particle Physics &£

CMS Preliminary —e— S/B Weighted Data

(s=7TeV,L=5.1"fb" S8 Pt
------ Bkg Fit Component

—- - -1
\@—BTeV,L—SSfb [ Jslo
[ =+20

A A R
20 140
m,. (GeV)
Higgs boson discovery by CMS (2012)
Lazarovits, Feb. 2021



viveis High Luminosity LHC |

Compact Muon Solenoid

HL-LHC will help us
LHC / HL-LH find new physics with

more particle collisions

Run 2

LS1 EYETS
13 TeV energy
splice consolidation INJECTOR UPGRADE i t?n;lgl
7 TeV 8 TeV gutton collimators TDIS absorber interag . - inosity
— R2E project 11T dipole & collimator i installation
Civil Eng. P1-P5
2011 ‘ 2012 ‘ 2013 ’ 2014 2015 ’ 2016 ‘ 2017 2019 ‘ 2020 ‘ 021 - 2024 ‘ 2025 ’ 2026 HHHH 2038
ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS
beam pipes 2 x nom. luminosi upgrade phase 2

75%
nominal

luminosity |

FP7

ALICE - LHCb
upgrade

nominal luminosity

3000 fb' ST

Hi-Lumi MAJOR CIVIL WORKS 4 TECHNICAL INFRASTRUCTURE
DESIGN STUDY

PDR PREPARATION ASSESS & TDR MAIN ACCELERATOR COMPONENTS PHYSICS

CONSTRUCTION AND TEST

INSTALLATION

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
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KL What does improved pileup resolution, |
mean?

® [mproved pileup resolution (
LHCC-2019-003)

® Better tagging capabilities for b-

jets

® |mprovement for lepton
isolation

MS

# of pileup tracks/signal PV

® |ncreased effective luminosity
for rarer signals/Higgs Program

KU PALOOZA
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https://cds.cern.ch/record/2667167/files/CMS-TDR-020.pdf
https://cds.cern.ch/record/2667167/files/CMS-TDR-020.pdf
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What else can we see with the MTD? | —

® Improved pileup resolution (CMS

RestFrames Event Generation 7 % = Za(lD) % ZbD) %"
L HCC-2019-003) %, X, = 20X 200 %
0024 :_L ........ 50 B R SR AR SR B || .............. 11 ........ || ........ |.l|.1} ....... || ........ . —
0.022F = 0;=300.0 ps -y o e — — —
® B-tagging + lepton isolation 0.02F | e
. 0018
Improvement ~0016E

~[150.014F
® Increased effective luminosity for rarer =| = 0.012¢

signals/Higgs Program *IZ%/O%(());
0.006E
® Additional physics capabilities 0.004F oo L e
g @
® Heavy ion studies/low pT 05200 400 600 800 1000 120014001600 18002000

hadron studies M(ig) [GeV]

Improvement on resolution of
® || P studies with timing mass measurement for neutralino
(arXiv:1903.05825v2) with increased timing resolution

KU PALOOZA 17 Lazarovits, Feb. 2021


https://arxiv.org/abs/1903.05825v2
https://cds.cern.ch/record/2667167/files/CMS-TDR-020.pdf
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KU CMS Precision Timing with the CW\S\

THE UNIVERSITY OF

KANSAS MIP Timing Detector (MTD) —

Endcap Timing Layer

—

BT

Barrel Timing Layer

Fast Facts

- ®|n between inner tracker and calorimeters 4
® Time resolution: 30-40 ps/track  —
® |nstallation date: 2023 (HL-LHC) d/x
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Low Gain Avalanche Detectors | _—

MIP

Cathode
Ring

® Silicon doped with boron/

| P

Avalanche galllum ( )
Region
A
Oh . .
pepletion | | ® Gain layer creates high
é Region N . .
electric tield
High field el = N o |
® Minimum ionizing particles

(MIPs) are able to leave a
readable signal
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KU . CMS,
MTD Structural Overview: B\

FARNSAS Endcap Timing Layer (ETL) f—

Expanded view of ETL disk half

/_\

® 15 m2 of silicon

Disk 1 Support Plate

Disk 1, Face 1

«

Disk 1, Face 2

.

/ Neutron moderator

ETL thermal screen

® 2 disks per endcap

® Fach LGAD sensor: 16x32
pads (512)

Inner support cone

® Each pad: 1.3x1.3 mm

® ~10 million readout channels

\
Disk 2, Face 1 Disk 2, Face 2

—

Disk 2 Support Plate
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CMS Preliminary
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LGAD Event Reconstruction |~

® Take time difference between arrival and LGAD and at MCP 2

® Make distribution of these time differences (At)

® Standard deviation of distribution is time resolution Ut
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® Efficiency of sensor

Other values of interest:
® Most probable value of amplitude distribution
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ETL LGAD Studies: -
Interpad Distance
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. CMS, !
KL ETL LGAD Studies: PN

Sensor Uniformity - Timing Res.
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April 2019 Test Beam Results £
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Machine Learning for Timing |~

CMS Preliminary

60;

I MCP
o :
20— "\

Using neural networks to
extract time resolution Neural network schematic
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Large Hadron Collider (LHC) and Compact Muon Solenoid (CMS)

Precision Timing Upgrade and the MIP Timing Detector (MTD)

Endcap Timing Layer (ETL) Sensors - Silicon Low Gain Avalanche Detectors

Sensor Performance Requirements and Results
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® Particle Physicists study the building blocks of our universe with
® particle colliders: Large Hadron Collider, and
® detectors: Compact Muon Solenoid

® | HC and CMS will undergo an upgrade for more particle collisions to see more
physics, comes with more noise (pileup)

® Addition of precision timing hardware (MTD) will reduce effects of pileup
® MTD Endcap Timing Layer sensors meet expectations
® Fermilab results: time resolution, efficiency, radiation tolerance

® Upcoming KU studies: mechanical/electrical/thermal robustness
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