LHCC Open session, CERN, 1 June 2022

900 GeV collision in 2022 May

C

1

\

xperiment at i
Data recorded: Fri May 27 10:00:54 2022 CEST
nt:

umi section: 10
it/Crossing: 2577949 / 1237




PIXEL TRACKER

All-new innermost barrel pixel layer,
in addition to maintenance and repair
work and other upgrades.

BEAM PIPE

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

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.

GAS ELECTRON
MULTIPLIER (GEM)
DETECTORS

SOLENOID MAGNET
New powering system to
prevent full power cycles
in the event of powering
i problems, saving valuable
y time for physics during
collisions and extending
the magnet lifetime.

HADRON
CALORIMETER

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

» installed in the endcap-muon
system to provide precise muon
tracking despite higher particle
rates of HL-LHC.

An entire new station of detectors

A Phase-2 muon and BRIL
demonstrators installed

A Magnet recommissioned @3.8 T

[d Pilot beam test program
completed

A 2nd round of cosmics data taking
A More than 6M tracks
[ Alignment & calibration
(A Efficiency scan of GE1/1
[ Validation of Pixel Layer 1
[d Exercise GPU @ HLT

(A Successfully recorded splashes

and collisions at 900 GeV

BRIL: Beam Radiation Instrumentation and Luminosity system, GE1/1: 1st layer of GEM detector, GPU: Graphical Processor Unit, HLT: High-Level Trigger, LS: long shutdown
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Hadron Calorimeter (HCAL)

(d Everything works as expected, no
showstoppers to be ready for physics!

[d 1st collision — »
— |
. m" === Run 350643 =
data being L 2 = .‘i;:l
used — — !i
EEm P~ '
to fine-tune 4 Y
the detectors ——
[d Some components

used for the first time Ny
A New Hadron Barrel (HB) am=
front-end electronics

(A Forward Calorimeter (HF)
switched to multi-mode optical
transceivers & fibers

RF: radio frequency, APD: avalanche photodiode

Calorimeters: ready to go

CMS

Electromagnetic Calorimeter (ECAL)

Occupancy: trigger tower N vs. @ Time of arrival (ns) vs. n

(M A (0 by

[

y< l : ?B1 splash timing in ECAL barrel;
. ~2.5 ns (1 RF bucket) late .
| V ‘;;;;;;;;; .......................................
} o Apr 2022 e, |
| o run350966 S

gt ot e ota

Test of new “double-weights” algorithm to be introduced in Run 3
tagging out-of time (OOT) signals and rejecting spikes

ADC counts

{Run#b. LS # Event # Run started, UTC time

350'812 . 113 . 1'300'283 . Tue Apr 26,09:41

Service v {Workspace ¥ »

Online: Ecal .

Size: Large

[o4 EtMap

v Play ResetWorkspace ' Describe Customise Layouts (Top)!/ Ecal  Layouts /06 Trigger Primiives

Time (clock unit)

EBTTT Et trigger tower summan EBTTT Et trigger tower summan
T ; J

2nd set of linear weights
in L1 trigger logic tuned
to flag OOT signals and
' IR e n.g ; e [ spikes due to particles
¥ nald | i a S, - P, mCbi i hitting directly the APD

G B %6 W W0 0

Mean E_/ event decreases due to suppression of early signals of ECAL
Barrel (EB) strips (5 crystals) or towers (5x5 crystals) by “spike killing” 4
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Silicon Trackers: recommissioned with cosmics & collisions

CMS preliminary 2021 900 GeV 1 03 900 GeV
> 1 @ ®© ¢ ¢ o o o o © ®© o 06 0o 0 06 0 0 0 0 | O T T ET_T L L O I )
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. . . . S o0.98[ . - .- 35 1
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. . N £ o6 = -2 (inst. lumi = 1.6 10 cms™ ]
Remain in standby during beam commissioning : . . 1 ®a00f OB UPY. 218 ;
Performance evaluated with 900 GeV stable beam data o8 . E S/N ]
[m i 200 b
Strip Tracker: 092 . . Rp— E 2022 collisions!
. : - 4 100F .
layer-by-layer efficiency for good modules >99.8% lo'gi_Strip layer efficiency E
Pixel Tracker: active pixel fraction is 98.7% 088 s s EEs s 0 20 40 60 80100
. . .. EpppfB 888 Lo2@ggagans Signal-To-Noise ratio
(d Layer-1 design changes validated (except efficiency at T TTTmTEET
high pile-up) £ 200 e BRSO ERE, CMSpreimnay o8 cosmicraye (2022)
) = F 3 So12f ]
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. . el E 1 £ o o ]
(4 Magnet cycle during winter break and repeated § *F E _ o e
60 3 0041 K . ]
temperature cycles during strip maintenance generated 46E 3 _ & <, ]
3 3 0.02|- o % -
movements 20k E - o 2%, ]
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[d Re-aligned using >6.6M cosmic muons in 2022
[ Pixel detector at module level
(A Strip detector at half-barrel / endcap structure level

FPIX: Forward Pixel Detector, TOB: Tracker Outer Barrel, MPV: most probable value

median(x' pred—x'hit)[pm]

Median track-hit residuals per
module: quantifies the accuracy
of module positions for a given
alignment

Ad,, / V2 (um)

Impact parameter difference
for incoming and outgoing
tracks produced by the same
cosmic ray muon 5



Beam Radiation Instrumentation and Luminosity (BRIL)

CMS Preliminary L::minosity”values . . . .
14 technical systems for Raw” luminosity profile (Fill 7670)
JM,*,N b during emittance (short vdM-like) scans
beam loss (abort), asf | “WW W\ I comparing BCM1F and PLT luminosity
.. Ty ,\’,
beam timing, . H | LA TN Integrated lumi agrees to 5%!

| i ol »Wwwwm
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radiation monitoring
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Instantaneous luminosity (hz/mb)
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e s 0 1
ready for collisions
May 29, 2022
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= . . . 10—
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0.6 F r
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BCM1F: fast Beam Conditions Monitor, PLT: Pixel Luminosity Telescope, VME: Versa Module Europe standard, BCID: bunch crossing identifier 6



Level-1 Trigger & High Level Trigger (HLT)

Lots of developments!
[ New algorithms for displaced signatures taking advantage of new detector features

A GEM integration (with CSC) progressing well

[ 40 MHz scouting demonstrators installed & tested on 2021 beam test data

A GPU transition significantly improves HLT timing

A Ambitious b-physics and parking plans to extend physics reach

A Level-1 & HLT menus close to final CMS Preliminary (2021)

O  New HLT menu includes many 600 2 endeap 600
improvements and new features, e.g., 4001 = 400
Deep NN and ParticleNet for object 200 200+
reconstruction and identification g 0 g 0
(b-tagging, tau, boosted objects..) = R

900 GeV collision data being - i !
scrutinized . . - 5 gl " P
O Physics menus have been s st

deployed smoothly beam halo muons

GEM: Gas Electron Multiplier, CSC: Cathode Strip Chamber, GPU: Graphical Processor Unit, NN: neural network 7



CMS Experiment at LHC, CERN

Data recorded: Fri May 27 13:48:20 2022 CEST
Run/Event: 352425 / 376589708

Lumi section: 385

Early J/psi — pp candidate
recorded in 2022

Features two Level | muons

- associated to offline muons




PPD developments for Run 3

CMS “Physics Performance and Dataset” (PPD) group ready for collisions!

O Critical tasks completed oevopmart g oy Pt
A Improvements ongoing for Rum Reglory | | datatakin
. . . rompt Calibration Loo iti Deployed
Data Quality Monitoring (DQM) :. ";:" ‘d_tf ’ p?e';t;:\!aoR:r; :W eploye
' Release and production plan Grid submission to GPUS complete, ready for i pregrece

We I I O n tra C k GPU code validation

D Run 2 UItra Iegacy Monte Carlo iRe-RecoMachine

RelVal Machine

(MC) production close to |

Historical DQM

com p I ete FrASP samples page

L]
L
[ Reconstruction code for pauGUlfrentend upgrade |
L
]

collisions! Not started

.. DQM GUI backend upgrade
13.6 TeV collisions nearly | ’
ML-supported DQM-DC
fl Nna I Ise d Time-dependent MC
Ij Pre p a ri n g to I aunc h 1 O BM C MiniAOD validation consolidation

events for physics analysis AARP akision I

GrASP: Group Analysis Samples Page, GUI: graphical user interface, DC: Data Certification, ML: machine learning, MiniAOD: data format with 50 kB/event, NanoAOD: data format
with 2 kB/event, AOD: Analysis Object Data

9



Production and Processing since March

450 K

Number of running cores

400 K !

350K AA L= 4 \R >

300K |\ {

250 K

200 K

150 K min max avgv CMS
== TOTAL 332K 405K | 361K

1ok MC Ultralegacy 182K 312K 233K Record
== Analysis 486K 131K 871K

0K

@ RunliSummer20UL18RECO (4.44G) Only main campaigns shown

@ RunliSummer20UL17RECO (3.496G)

@ RunliSummer20UL16RECO (2.1G)

10G + () RunliSummer20UL16RECOAPV (1.4G)

@ Run3Winter22MiniAOD (969.38M)
Total (12.4G)

N

o

1
EVENTS

8G

6G

4G

53

2G

== Run3 requests 438 227K 239K

03/01 03/16 04/01 04/16 05/01 05/16

o

Q¥
® Excellent usage of resources!
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V‘Q‘ 30‘\ Vy{b‘\ !'3‘ G ) &fs\

'197}
A

\“'2’\ \3@"\ \3@‘

‘7/\‘3\‘

m ~12 B G4-simulated independent events delivered to analysis and detector experts using 3 standard data formats

e AOD (500 kB/event) + MiniAOD (50 kB/event) + NanoAOD (2 kB/event) Another excellent quarter in

terms of samples delivery!

m In addition, 2.6 B MiniAOD events coming from Re-MiniAOD campaigns

m CMS chose Alma Linux 8 for Run 3: identical OS and same software online & offline, minimizing maintenance effort

AOD: Analysis Object Data 10



CMS Phase-2 Upgrade

DAQ & High-Level Trigger
https://cds.cern.ch/record/2759072

CMS B Level-1 Trigger

Barrel Calorimeters
https://cds.cern.ch/record/2283187

{ https://cds.cern.ch/record/2714892
* Tracks in L1 Trigger at 40 MHz

* Particle Flow selection

* 750 kHz L1 output

* 40 MHz data scouting

* Full optical readout

* Heterogenous architecture
* 60 TB/s event network
*_7.5 kHz HLT output

Endcap
https://cds.cern.ch/record/2293646
* 3D showers and precise timing
¢ Sj, Scintillator+SiPM in Pb/Cu-W/SS

* Si-Strip and Plxels |ncreased granularity
* Extended coverageton =4

* Design for tracking in L1 Trigger 5 / / 2 A
Beam Radlatlon Instrumentatlon and Luminosity

http://cds.cern.ch/record/2759074

* Beam abort & timing

e Beam-induced background

* Bunch-by-bunch luminosity: 1% offline, 2% online
e Neutron and mixed-field radiation monitors

SS: stainless steel, FE: front end, BE: back end, MIP: minimum ionizing particle, SiPM: Silicon Photomultiplier

* ECAL single crystal granularity readout at 40 MHz
with precise 30 ps timing for e/y at 30 GeV

* Spike rejection

* ECAL and HCAL new Back-End boards

Muon systems e
https://cds.cern.ch/record/2283189

¢ DT & CSC new FE/BE readout
* RPC BE electronics

* New GEM/RPC1.6<n<2.4
¢ Extended coverageton =3

MIP Timing Detector
https://cds.cern.ch/record/2667167

Precision timing with:
* Full coverage ton =3
* 30-50 ps time resolution for MIPs
¢ Barrel layer: Crystals + SiPMs
¢ Endcap layer: Low Gain Avalanche Diodes

11


https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://cds.cern.ch/record/2714892
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https://cds.cern.ch/record/2759072

P2UG highlighted “impressive progress” since last review

® Re-optimization of the Barrel Timing Layer (BTL) light output: packaging, ASIC (TOFHIR2B) & SiPM
® Muon system
o Completion of the upgrade of the CSC frontend boards, low and high voltage systems
o RE3/1+RE4/1 and GE2/1 demonstrators installed during LS2
o RPC cross-talk issues fully resolved, very close to final Front-End Board design
e High Granularity Calorimeter (HGCal)
o Excellent Si sensor quality, confirmation of radiation hardness, readiness for pre-production
o Receipt of “partial” sensors that cover the inner and outer border regions
o Progress with the production versions of the front-end ASIC designs
® Inner Tracker: decision on sensor design and use of 3D sensors for layer 1, excellent sensor test
results
® Mechanics for HGCAL and (Outer & Inner) Tracker advancing well

e Next year will be the pivot year for the project moving out of R&D into production

CSC: Cathode Strip Chambers, RPC: Resistive Plate Chambers; R3&4: RPC station 3 and 4, GEM: Gas Electron Multiplier; GE2/1: GEM station 2, ASIC: Application Specific Integrated Circuit,
TOFHIR2B: Time-of-Flight High Rate chip, SiPM: Silicon Photomultiplier, P2UG: Phase-2 Upgrades Groups 12
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CROC CMS Read-Out Chip, HPK / FBK/ LFoundry/ CNM suppllers
ECON-T: front-end concentrator chip for trigger path
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Full size 1m long BTST finished prototype at Purdue
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Inner Tracker
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TEC: Thermo-Electric Cooler  ECAL system for 400 channel testbeam



Fast Beam Condition Monitor evolution since TDR

Design of 6-channel ASIC started: optimised for fast time response & low noise 2 identical half-disks with

. . < 12 modules per end of CMS
Electronics system design reuse components from the Tracker

Modular system

1 service board / 3 front-end modules (power, control, read out)

2
3
2
3

at higher radius
Mechanics follows IT design (materials & manufacturing, vendors) with

L

minor modifications

[ Working on finalising services and integration
(4 Connect to Tracker Endcap Pixel (TEPX) detector cooling manifold,
keeping independence from dedicated BRIL ring

Front-end module

Portcard with E-links Service board
DC-DCtLV - Rigid PCB
e with ASIC &
HV/LV/signal
connectors

K9 thermal foam

around cooling pipe
JGIass pitch CF Honeycomb \w
adapter :

Threaded insert

2 redundant bPOL12V LV H
(serving 3 modules) connector AIN ceramic base

Captoﬁ flex

LV: low voltage, HV: high voltage, bPol12V: CERN-developed DC-DC converter, D4R1: Disk 4 Ring 1 of TEPX, AIN: Aluminum-Nitrid, CF: carbon fiber 14



Phase-2 upgrade schedule re-baselined .

With the extension of Run 3 and LS3, CMS revisited the LS3 schedule at Point 5 and the schedules of individual
projects in a bottom-up approach, followed by a top-down optimisation

With positive contingency, the P2UG considers the new schedule as a potential viable baseline

Several places were identified where the injection of personpower is mandatory to realise the schedule

With 5 months float, plus some internal float, the situation remains tight for HGCal

A The war in Ukraine has serious ramifications, especially for HGCal, adding uncertainties and risks

a

(Hy WAy

Calendar Year | 2022 2023 2024 2025 | 2026 | 2027 | 2028
Long Shutdowns _
Tracker Outer Pre-pr -Pr - Integration I Float ‘ N
| commissioning
Tracker Pixel Ig Pre-pr - Pr - Integration | Float Shin. st
Comm
Barrel Calorimeters X
R - e ir tio - ioini
Sarras caio: E p— o | - - =
=
Calorimeter Endcap |o| Pre-prod - Prod » - Integration - Commissioning I Float ‘ Installation - Commissioning
= Installation -
Muons csc =l ODMB/BE pre-pr -Pr Float | i
DT Iz»l Production Float \ Installation - Commissioning
RPC wroduction Production I—] Float inst. | |
n Z| Link System Production | Float Ir tion - C. i e
GEM2 Production [ EROmE | ewe I
Float Inst.
=

GEMoO |§] Pre-pr ion - Pr i Float — Installation - Commissioning

MIP-Timing °e'e°;°' : [§ Pre-prod. - Production - Integration in TST‘—\ Float - Integration, Commissioning
arre

Endcap yping E Pre-pr - Pr l Float | n tion - Cor ring
L1-Trigger n |ﬂ Production & Integration testing | Float ] " tion - Comr ioning
DAQ/HLT ‘o - Demo. V2 @ Electronics production - Slice I Float Installation - Commissioning
BRIL Luminosity 2] Production & Integration | Float Installation
—FBCM Engineering development Iz] Production & Integration [ Float |+ commissioning
~ Neutron Mon. + Safety = Production & Integration | Float |

P2UG: Phase-2 Upgrades Groups, HGCal: High-Granularity Calorimeter, LS: long shutdown 15
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Physics results

1135 collider data papers submitted as of 2022-05-31

Exotica  Standard Model =~ Supersymmetry  Higgs  Top Heavy lons

B and Quarkonia  Forward and Soft QCD  Beyond 2 Generations  Detector Performance

Since 2022 March LHCC:
- 22+1 papers submitted
- ~40 preliminary results, of which
- ~10 Snowmass / Phase-2 studies
Many new results expected for ICHEP
- 47 paper in or passed
collaboration wide review

16



CMS Experiment at the LHC, CERN
Data recorded: 2015-Dec-06 21:41:27.033612 GMT
Run / Event / LS: 263400 / 88515785 / 849

UPC: ultraperipheral collision
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https://cds.cern.ch/record/2803742?ln=en

Pinning down the Standard Model of Heavy lon collisions
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https://cds.cern.ch/record/2805926/
https://cds.cern.ch/record/2805923/
https://cds.cern.ch/record/2805932?ln=en
https://cds.cern.ch/record/2805921
https://cds.cern.ch/record/2806150/
https://cds.cern.ch/record/2806158?ln=en

Luminosity calibration: PbPb @ 5.02 TeV (2018 Nov)

Source Correction [%] Uncertainty [%] — N . N
T o o CMSPemnay _ awsern | Among most precise PbPb luminosity
| Transverse factorizability +1.0 0.8 |—> 5% Vd"“i EV“W EV“M“ 'V S . H
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Exclusive physics with PPS: searches for rare processes
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PPS: precision Proton Spectrometer, CEP: central exclusive production, EFT: effective field theory, OS: opposite charge (sign) For more: PPS seminar 20
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New top mass measurements (+ cross-sections in backup)

Direct measurement in tt (€+2b+22j) Jet mass unfolded to particle level for mt"’°Ie from tt+jet (OS 2€)
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EW: electroweak, QGC: quartic gauge coupling, EFT: effective field theory, DPS: double parton scattering
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Many new results for 10 year anniversary of Higgs discovery
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https://cds.cern.ch/record/2803738?ln=en
https://cds.cern.ch/record/2803740
https://arxiv.org/pdf/2205.05550.pdf
https://cds.cern.ch/record/2809929?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-015

Searches for non-SM Higgs (+ more in backup)

High-mass H — WW (2£) via ggH and VBF Largest excess @ 650 GeV Boosted non-resonant Higgs pair production
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ggH: gluon-gluon fusion Higgs production, VBF: vector boson fusion, MSSM: Minimal Supersymmetric SM, 2HDM: Two Higgs Doublet Model, NN: neural network 24
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b T
Ty No B-tag, p"> 200 GeV 138 fb' (13 TeV) T,T» NO b-tag 138 b (13 TeV)
A T T T T T A 8000 ! T 3
cms —4— Observ [ cms ]
% 250 Preliminary [ — (:{b:kged %’ b Preliminary [WELD et ] Ul
(\5 [ — ° eooor [« [Toters B! _
@ 200 . « @ s0000 4 Obsorved Bguwe ] b T
e —poy 5 & mons wmews 3
s L TT(m =12TeV) T (m =1.2Te\ 1 .
o 1%of —— 099 @5.8pb (m,= 100 GeV) | L 2000 e gu:12’ A = POSS|bIe
v v m,= 170%) .
L 10° =0=F
100 E destructive
sof interference
o = o F : : for vector-like
S 4 ' LT g _ _ .
b3 B 0 2/~ —oge bbo via 4
i - e, U . I v LQ production
] L l g = 8 I
8 oo + o " ooy o g-oes
50 0015 200 250 300 10 10° HIG-21-001
m.. (GeV) miet (GeV)
; CMS pPreliminary 138 fb'' (13 TeV) 138 fb'' (13 TeV)
@ ; :
= Lo - High-mass 95% CL Excluded:
< oM CM,S, [JObserved 68% expected
= k Preliminary ---- Expected 95% expected
g AP = vLaBM1' '
S
o SF gbr = g
2 ° prl
= T _
S TES
ST _, +0.06
3, B=019
(]
. L0 2 =) {1 30 2
, . 99
60 100 200 1000 2000 1 ]
m, (GeV) [ ] 5% cL preferred region
T 0 L L L .
consistent across 1 2 3 4 5
my, (TeV)

final states & years

Model-independent, MSSM H/A & VLQ interpretations
VLQ motivated by B-physics anomalies, e.g., lepton flavour (non-)universality in NC & CC B decays

Searches for exotic phenomena (+ more in backup)

Vector-like leptons (23b+zt/7v/W)
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eagerly waiting for physics at 13.6 TeV ! 2

900 GeV collision in 2022 May

27



O
-
4=
X
L]

28



Exclusive diphoton production with tagged protons
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Top cross-section measurements

ttW production (2€/38) Top-21-011 tt+jet (OS 28) 1D/2D/3D 10p-20-006 tt charge asymmetry (boosted €+jets)

138 fb' (13 TeV)

20 tension with old NLO+NLL calculation fiducial / full-phase-space diff. xsec. 008t g —— -
138 fb' (13 TeV) : 0.06-Preliminary - —
e (@ particle / parton levels g T i o
L S"\ﬂs = Measurement << EPJC 80 (2020) 428 - 0'04? E
— reliminary —t 5 F
B —— Stat. unc. —— JHEP 11 (2021) 29 i Compa red tO N LO MC & beyond N LO 0.02 = { =
S . . Q= =]
- Toatune 7 theory: softer top p., less central «* & E
B ] —0.02F =
B Nominal + Stat. + Syst. | . . F TOP-21-014 ]
- s ssss1rs1a 1 Largest differences for multi-D xsec pom | SO LUS E
e S—=— 996 :61:68 E _ CMS proimnay___ siepon paroniewel 13815713 Te\) -0.06;~unfolded, corrected to full phase space
- Hu ———— 868 + 63 + 64 B ;‘- 300 < m(f) < 400 GeV] 400 <m(th <500 GeV | 500 < () < 650 GoV [650 < m(t) < 1500 GeV | | o, .16 _0.08C L L .
" Ditepton 005 + 42 + 51 ] g 200 1 ET J———— >750 GeV [750,900] GeV >900 GeV _
| Trilepton | 649 + 104 + 96 ] § 150 1 Pl e R LD, 78] i
— N - ;‘_0 Total unc. . . . - - -
- combinea - 868 + 40 x 51 | 1005 ] - e tW inclusive & fiducial differential
P I A R SR BRI PSR R A i — s =
200 400 600 800 1000 1200 1400 1600 sof | — il = P TSSTUS EETTE ST L L )
b m——— = C ovAa &
Oy [P] _ e e . L T 1.4 CMS =
dls 4, R O ! = [ Preliminary OVAFO 7
LMY L 7 2l [V Ny P s
5550:.‘,,u[,,,.\,,.,M.,.\.,.W,EN.Ié.,: 0Tt s T E r—.
— r 4+ Bestfit 1 =4 r iia|
E 500— Preliminary —| : 2 d 2 1 2 L I?l(i)l % 1 o— B
© r —+— ] =3 C e ova = 2
45027 JHEP 08 (2019) 039 E CMS Preliminary diepton,parton lvel : 138 Ifb" (18 TeV) og‘ 0.8 o e . _?attal -]
F ] . = . T T T © v : unc. ]
F 68% CL ] :;1 0.31" 300 < m(t) < 400 GeV] 400 < () <500 Gev T 500 <mi(th <650 Gev 650 < m(t) < 1500 GeV o G s - 0 6_ oo - S(t)ataunc. B
E E = . : B B W PH DR + P =
400 g50r oL ] 3 b T—— VA o FWEHBB B8 ]
F E 5 5 NNPDF3T NLO, =61 0.4 ~ tW PHDR + H7 i
350~ E = 02r T wee B 4 oTIANLO, 270 C v EW aMg ng Pgs 3
r ] ax " - - - al + —
s00L E e . ozp- T0P-21-010 © f¥aM& BE2HE®
F B 0. ‘a.w_‘ | -~ 4 MMHT2014 NLO, °=63 E o tW aMC DS dyn. + P8 :
250:7 E h ] oy o:;:z;mo.f:tm = 1.g|1\|||\||J\||||||1|||\|||\l||1|||]\|||‘|| iy -
F . E TEE*TTE it < E OVAOdH
I does not use imprgved FxFx ME L o oasens| Mo S : — S0 E
3 ' E 3 — e 8 pvAto SOVATO ]
; merging of JHEP 1 (2021) 29 &'E b PG (AP ERLE M, S & 05 G0 03 04 05 06 07 08 09 1
150.\lwH\wlwNu.w\w.w.\.w.wluu\.w 1‘*3%. = T n A : . K x 4 e . B
350 400 450 500 550 600 650 0.0E R L foas oo A&, uF)m
Oy [10] 1 2 1 2 1 2 1

|y2(ti)| 30


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-011/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-014
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-010
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-010

More searches...

Heavy composite majorana neutrinos Boosted heavy diboson (WW, WZ, ZZ, Vector-like TT and BB quark

w+,Z,H
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https://cds.cern.ch/record/2804305
https://cds.cern.ch/record/2803845/
https://cds.cern.ch/record/2809519?ln=en

More searches...

Extended Higgs sector SUSY gluino pairs with 1 lepton
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https://cds.cern.ch/record/2805223
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-016
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-010

Run 3 preparation

Muon detector recommissioning
during cosmic muons data taking

CMS Experiment at LHC, CERN

Data recorded: Sun Apr 10 07:36:04 2022 CEST
Run/Event: 350166 / 578929503

Lumi section: 367
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Phase-2 and LS3 planning

a3 Q4/2025 Q1/2026 Q2/2026 | Q3/2026 Q4 /2026 | Qt/207 Q2/2027 Qs/2027 Q4/2027 I Q1 /2028 | Q2/2028 ICYE ) Q4/2028 |
] 10 n ILJ{ 02 03 04 05 06 | o7 08 ) 10 \ n 12 o1 02 04 05 08 o7 o8 ] 10 n 12 o 02 05 06 o7 | o8 ] 08 10 " 12 o
- Open CMS
o 1 YBO services (2)
4-Docommission YBO savicos & ipgrade OTNCYBO || YBO 5 (1) EB
6 Ramorm s 1 o Y0 i ) services B i
e S . eam pipe
oe B e | | SM nose lowering & ; 'II'D pk
: C— . nner Tracker
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, YE1 infrastructure R
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| Outer Tracker ey )
Longer term LHC schedule
In January 2022, the schedule was updated with long shutdown 3 (LS3) to start in 2026 and to last for 3 years.
2021 2022 2023 2026 2027 2028 202
J[FMAM[3[3|AlS|ONID[3[FIM[AM[3[3]A/S|OINID[3 [FIMAM[3 3 |AlS|OIND|3 [FIM/A FMAM OIN[DJ3[FIMIAMI3 [ [A[S|OIN[D 3 [FIMIAMI 3|3 [AlS|OINID] 3 [F[M[AIM] 3|3 |A[S|OINID| 3 [FIM[AIM |3 |A]S[OIN[D)|

Long Shutdown 3 (LS3)

Work on-going
N3 [FMAMI]3AS[OND) L ContingenCieS
* risk mitigation

J[FIMAM3[3]A/SIO[NID[3[FMIA

Run 4

Last updated: January 2022

Shutdown/Technical stop LSB Ru n4 LS4?
E Protons physics ° start: 2026 ° start: 2029 ° start: 2033

Ions

Commissioning with beam ® length: 3years e length: 4 years e length: 2 years

Hardware commissioning/magnet training 34



Oct Nov Dec Jan

<"

CMSSW 12 1/12 2
e Stable POG code

Sep

CMSSW _12 0 0
e Stable DPG code

® PF calib. sample e POG samples (PAG?)
e L1 Trigger (w/oLLP)| e L1T:LLP; HLT: 1st menu
e DDA4HEP
e Data taking for CRAFT
(7]
£ - v
o 2
© £
22 52

Release and production plan: on schedule

Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec Jan
S — <> - =
1 CMSSW_12_6_0
CMSSW_12_3_0 CMSSW_12. 4 0 CMSSW,_12 5 0 e Possible
Data taking for ] IPOG and PAG samples e HIN release re-reco,
early collisions and e 'Trigger: final menu re-miniAOD
ramp-up e Ipata taking for collisions
Trigger: 1st menu 1
2 I
= A
e 2 3 . e
= £E a Physics Collisions
o g g
o o I

Run-3 DPG and trigger samples (CMSSW_11_X)

Run-3 Trigger, DPG, POG,

PAG samples (CMSSW_12_X)

Custom-Nano
(JME)

U-Legacy ReReco for B-parking

12.2: pp 0.5-1B
events

Run-2 Legacy MC 16/17/18 (Summer20UL) MiniAODv2 / NanoAODvV9 default

Run-2 Legacy
e Produced ~60 Billion MC events in 2021

e Re-NanoAOD (target every few months)
e Custom-NanoAOD: establish for JME

e Re-MiniAODv2 (and v3)

e High-precision calibration and SF

e Re-reco of B-parking in 10_6

12.2 HIN
preparation MC

Run-3 Preparation

e GPU and Scouting

e Detectors, conditions and trigger

e Skims
e Code freeze and calibrations
e Analysis preparation

12.4: pp 10B events

Legacy + Run3
NanoAODv10

12.4: HIN

preparation MC 12.5: HIN large MC

Phase-2 Preparation
e Snowmass
e Regular high-stats samples (500k events)
within the RelVal framework

Updated on 21 January 2022 XC meeting -



Run 3 physics analysis object flowchart

‘ S

_Chcd(l‘l‘unc PUPPI

Check EGM |
“PUPPI interpla;
Y

Preparing to

e | o, N launch 10B MC
e = ) | events for

analysis

Ui E/J u Iy 2 Prompt ‘ MiniAOD

Reconstruction ] R
code for collisions SR o

nearly finalized!

_[Updated | Rolling Calibration |
GTs Loop ‘
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Alma Linux 8 for Run 3 g

® Alma Linux: free and 1:1 compatible with Red Hat Enterprise Linux (RHEL) - a RHEL clone

)
o0 Can be used on the Grid for our containers (
oL\
o Compatible with Centos Stream 8 too o
®
o End of life: 2029 Alma Linux

https://almalinux.or

® CMS successfully validated physics results CMSSW+Alma

o Alma is the default for all new releases
e Identical OS at the HLT and on the Grid

o Minimize maintenance effort: identical OS and same software online and offline
e New OS crucial to support latest hardware architectures, e.g. accelerators

o Instrumental to exploit next generation facilities

General CUDA CMS chose Alma
.
o CentOS Linux 8 has reached End-of-Life on December 31, 2021. Support for this OS is now removed from the CUDA Toolkit and is replaced by Rocky Linux 8. LI 1219),4 8 fOI’ Ru n 3

From CUDA 11.6 Release Notes
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https://almalinux.org
https://www.redhat.com/en/technologies/linux-platforms/enterprise-linux
https://docs.nvidia.com/cuda/cuda-toolkit-release-notes/index.html
https://almalinux.org

Fast Beam Condition Monitor evolution since TDR IECETE

with 12 modules

e ASIC: 6 channels, optimised for fast time response & low noise at the expense of power per end of CMS (+/-z)

® Electronics system de5|gn , L.~ 2 |T multi-service cables,
o Control & read out via Inner Tracker (IT) portcards: 3 IpGBT + 3 VTRx+ % B 1 multi-fiber bundle &
o Powering via 2 redundant bPOL12V li 1 cooling capillary

® Modular system design with identical components everywhere
o Single-chip modules with 3 double-pad diodes (baseline)
o Thermally optimised design: AIN base + flex-rigid hybrid =~
o 1 service board / 3 FE modules (power, control, read out) at higher radius . 4 4 ‘
® Mechanics follows IT design (materials & manufacturing, vendors) ;
o Minor modifications: cooling in specific regions (sensors, DCDC converters
o Studying different disk cross sections as cooling only required on one side
e Currently working on finalising services and integration
o Dedicated FBCM connection region on PPO
o Connecting to TEPX1 cooling manifolds for redundancy with D4R1
(simulations & optimisation launched)

Inserts

DC-DC LV Portcard with E-links
Connector £

e

& HV/LV/signal
connectors

K9 thermal foam
around cooling pipe

— = JGIass pitch CF Honeycomb I @
Captt‘)n flex adapter Threaded insert 8

| —
redundant bPOL12V
(serving 3 modules) Connector

AIN ceramic base




Link
EXO-19-009

HIG-19-016
EX0-20-011
B2G-20-011
HIN-20-003
HIG-20-016
TOP-20-008
HIG-21-001
HIN-21-001
HIN-21-002
EXO-21-007
HIN-21-003
HIG-21-010
HIG-21-012
TOP-21-008
TOP-21-010
HIG-21-015
TOP-21-011
TOP-21-012
SUS-21-007

SMP-21-011

HIG-21-016

List of new analyses since last LHCC

- HIN-21-007
Title
—— TOP-21-014
Search for anomalous Z(Il)+X and gamma+X production with PPS
SM H -> gg differential and fiducial cross sections (full run 2)
HIN-21-008
h for h ite Maj i
Search for heavy composite Majorana neutrino HIN-21-010
Search for VLQ pair production in leptonic final states with Run 2 data
Measurement of inclusive b jet shapes in PbPb collisions at 5.02 TeV HIN-21-011
High Mass H -> WW with full Run2
Top mass measurement with a new profile likelihood method HIN-21-012
MSSM H/A -> tau tau search with full Run-2 data B2G-21-004

Measurement of azimuthal anisotropy for Y(1S) meson in pPb collision at 8.16 TeV

Excited bottomonium states measurement in PbPb collisions at 5.02TeV
Charge asymmetry in boosted top quark pairs (lepton + jets)

Measurements of the azimuthal anisotropy of charmonia in PbPb collisions at
sqrt(sNN) = 5.02 TeV

The v2{2k}(k=1,...,5) cumulants and hydrodynamics probes in 5.02 TeV PbPb collisions

Measurement and analysis of two-particle HBT correlations and their Levy parameters
in 5.02 TeV PbPb collisions

Correlations between multiparticle cumulants and mean transverse momentum in
small collisions with the CMS detector

Search for pair-produced vector-like leptons in = 3b + N T final states

Jet v2 and v3 from dijet events in PbPb collisions at 5.02 TeV Link Title (for Snowmass)
Diphoton production with two protons in CT-PPS FTR-18-034  Projections of Top Quark Spin Correlations to 14 TeV and 3 ab-1
Azimuthal anisotropy of non-prompt DO meson in PbPb collisions at 5.02 TeV FTR-21-003 HH to WWgammagamma
Search for Charged Higgs in WH decays (H+ -> W+H) e AE;::;,SBNN;: FTR-21-006 ' Higgs to two muons at the HL-LHC
ks £ . piays PUB 2022018
Search for ggH, H -> cc T FTR-21-007 H ->4l mass and width measurement
Top quark pole mass extracted from tt+] S asswhinaw'gz'x;ib“::"é‘;AS FTR-21-008 | H->gamma gamma mass and width measurements
‘s‘ic:::':vliﬂl the Phase-2 ATLAS 8%
Inclusive and differential measurements of tW with dileptonic events b Detectors FTR-21-009 Search for Rare Higgs Decays with Mesons
Search for H -> ee “mmdcf e TETR-21-010 Nonresonant ttHH search
Measurement of the inclusive ttW cross section with full Run 2 dataset FTR-21-011 SUSY Z' to Il + MET
Measurement of the Jet Mass Distribution in Boosted Top Quark Decays with Run 2 Data FTR-22-003 Seesaw Model Searches Using Multilepton Final States
Search for SUSY in 1L final states with the deltaPhi variable (Run2 legacy) FTR-22-005 Hto bb + MET at the HL-LHC
EW Wgamma plus 2 jets at 13 TeV full run 2 FTR-22-006 Doubly charged Higgs in 4 leptons final states

H -> aa -> 4photons boosted (very low mass)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-009
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-016
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-011
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-011
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-20-003
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-001
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-001
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-002
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-007
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-003
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-010
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-012
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-008
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-010
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-015
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-011
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-012
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-007
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-011
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-016
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-034
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-21-003
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-21-006
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-21-007
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-21-008
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-21-009
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-21-010
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-21-011
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-22-003
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-22-005
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-22-006
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-007
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-014
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-008
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-010
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-011
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-012
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-004

Precision Proton Spectrometer
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Pinning down the Standard Model of Heavy lon collisions

What are the initial conditions

S herelicien What is the longitudinal

structure of the QGP? What'’s the hadronization

mechanism with QGP?

nPDF and initial EM field v

N

How does the system move
toward hydrodynamization?

What are the transport properties of the QGP?
How does QGP respond to hard probes?
What are the inner workings of QGP at various length scales?
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Pinning down the Standard Model of Heavy lon collisions
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Higgs physics

Boosted H — cc search + (Z — cc) + jets observation

CMS Simulation Preliminary (13 TeV)
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CMS Prel/mmary 138 fb-", (13 TeV)
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