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Overview

© Introduction
© CMS Highlights
© Run 3 Expectations
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https://cds.cern.ch/record/1190487/files/
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Elementary-particle interactions. Credit: Wikimedia

@ Describing three of the four known
fundamental forces.
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o Classifies all known elementary particles.
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https://cds.cern.ch/record/2120661

LHC Operations

Amazing LHC performance! Thanks to the LHC Collaboration. pp Run—2 finished on October
24, 2018 at 6:00 a.m. [5]

@ 2010—-2012: Run—1 7/8 TeV. Collected by CMS ~ 27 fb~!
@ 2015—2018: Run—2 13 TeV. Collected by CMS ~ 150 fb~!

LHC / HL-LHC Plan
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https://hilumilhc.web.cern.ch/content/hl-lhc-project

Physics results and publications

Showall Total Exofica Standard Model ~ Supersymmetry Higgs Top  Heavy lons

Band Quarkonia  Forward and Soft QCD  Beyond 2 Generations  Detector Performance

1161 collider data papers submitted as of 2022-09-15 b 1159 papers on Co”ider data
published or submitted to a
journal.

@ Run 2 data analysis continues >
100 analysis.

@ Run 3 early data analysis foresee
100 analysis in the first couple of
years.

o First preliminary results with
Run 3 data presented on
September 4th at TOP2022.

CMS Publications vs Time
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http://cms-results.web.cern.ch/cms-results/public-results/publications-vs-time/

CMS Cross Section measurements

May 2022 CMS Preliminary
CMS EW measurements vs. 7 TeV CMS measurement (stat,stat+sys) ——o——
Theory 8 TeV CMS measurement (stat,stat+sys) ——e——

13 TeV CMS measurement (stat,stat+sys) ——e——
qqw — e 0.84 +0.08+0.18 19.3fb*
qqw e 0.91+0.02+0.09 359 fb?
qqZ ——ol—i 0.93+0.14+0.32 50fb?
aqz et 0.84 £0.07 +0.19 19.7 fb*
a9z ot 0.98+0.04 +0.10 359 fb?
WV et 0.85+0.12£0.18 138 fb™
vy - WW < 174+000+0.74 19.7 fo?!
qqwy 1.77 +0.67 £0.56 19.7 fb!
qqWy e 0.88+0.11+0.15 138fb?
os WW re—H 1.12+0.15+0.17 138fb?
sS WW +H——e——H 0.69+0.38+0.18 19.4fb?
ss WW et 120+0.11+0.08 137 fb?
qqzy —— 1.48+0.65 +0.48 19.7 fb!
qqzZy e 1.20+£0.12+0.13 137 fb?
qqwz I — 1.46+0.31+0.11 137 fb?
qqzz —————— 1.19+0.38 £0.13 137 fb?

o 1 CR T ] :
All results at: Production Cross Section Ratio: Gy, / Oy,

Physical Results Combined
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

10 years of Higgs
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Physics briefing

10 10
Particle mass (GeV)

@ SM tested over many orders of magnitude

@ The Higgs couples with the particle mass.

e HH production decay o(HH) < 3 SM.
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https://www.nature.com/articles/s41586-022-04892-x
https://cms.cern/news/higgs-boson-turns-10-results-cms-experiment

Astonishing achivements! Higgs coupling to charm
Coupling with the 2nd generation quarks. Search for H — cc in VH events

138 b (13 TeV) 13816 (13 TeV)
;

CMS Experiment at the LHC, CERN “ : ; . , 4 - r '
/ Data recorded: 2018-Aug-05 09:43:33.747957 GMT € 1000 CMS 4 Observed [l VH(H-cd), u=7.7 _| CMS —— Observed ----- Median expected
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@ L ] Merged-jet
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@ . ]
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2L
- Expected 14.3
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Higgs boson candidate mass [GeV] 0 25 30 35 40
. . S 95% CL limit on
Physics briefing CMS-HIG-21-008 [7] ° [V

@ Observation of Z — cc with more than 5¢. lIts first observation at a hadron collider!
e 1 =1.002 +0.036 (th) £0.033 (exp) £0.029 (stat)

o Agreement with the Standard Model signal strenght.

@ World's most stringent constraint on the coupling Higgs boson to-charm quark.
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https://cms.cern/news/increased-confidence-higgs-boson-coupling-charm-quark
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-008/index.html

Hints for new physics with Higgs
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CMS-PAS-HIG-20-016 [10].

Interesting excess with Higgs observed from CMS:
e H — 77; excess 3.10 (local), 2.7¢0 (global) at My = 90 — 100 GeV.[14]
o H— WW,; excess 3.80 (local), 2.60 (global) at M, = 650 GeV.[10]
e H — 77; excess 2.80 (local), 1.30 (global) at My = 95 GeV.[9]
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016/
https://reader.elsevier.com/reader/sd/pii/S0370269319302904?token=82FD3FABA375D82E8F787ECD5E9DAF586C816E737C937078673C9F2B4D5B3CA726C507E013E11ED377D033E0EFF01E59&originRegion=us-east-1&originCreation=20220919155800

New Physics Searches with Higgs

Search for resonances (X) decaying to H/Y (bb)H(~7) First time looking at the
Next-to-minimal Supersymmetric Standard Model (NMSSM) and the Two-real-scalar-singlet
Model TRSM: (X — YH) where Mx > My + My. -0.5cm

CMS Preliminary 138 b (13 TeV)
— —— — T 4
%0‘4 B -—>|mx:BDQGeV(xm“]‘ ;l)p—>X—»HY—>yybb (Spin-0) ! -
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g |£1 0'2 Er 400 Gov (x10%) I Expected limit £ 1 std.deviationg
HIY. 5 ;1 ot E s T OGN0 Expected 95% upper limit 5
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y T10 . =
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5 5E dmx:7ﬂﬂGeV(x10“} 3
- - G 0) E
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W B
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CMS—HIG—21—011 [8]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-011/index.html

Jet mass measurement in boosted top

— T T T T T !
= T T o 004 i 138 fy (13'1'er
8 | cms . B ocms -+ oan ]
& Simulation ] . | Preliminary m,=169.5GeV
O 75 Preliminary + i g| s—o.osj = m=1725GeV ]
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=] od [ ]
(7] L
© g
[} od
£ -t
170 g —e— Extracted m}'® .| r
{; S T
1 - 14 T LR
I Perfect measurement | Ele “2| il 1 . i +
s R FIR ggp T
170 175 120 140 160 180 200 220
i True m, [GeV] my, [GeV]
Physics briefing. CMS-PAS-TOP-21-012

@ We use XCone, and it allows us to reconstruct a large jet with three subjets inside.
o Fully merged top decays contained in R = 1.2 jets with p7 > 400 GeV.

@ Jet mass sensitive to m;

@ Data are described best by the top quark mass of m; = 172.76 £ 0.1 GeV
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https://cms.cern/news/jet-cones-top-flavour
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-012/index.html
https://link.springer.com/article/10.1007/JHEP11(2015)072

Multi-dimensional diboson (all-hadronic) search

Jet

©Agapitos

@ Best limits to date

@ Excesses for W — WZ at ~ 2.1 and ~ 2.9 TeV
@ First result with spin—1 VBF production.

q(b)

0 138 1" (13 TeV) . N o 138 fl?"(1:|3Te\<)
E CMS Observed 5 10 CMs . I?:‘cigmund it E
= 1 Preliminary S  Expected + 1 std. deviation S 10° - Preliminary = + o unc.

E Expected * 2 std. deviation E 108 £-55<m,, <215Gev - g}:‘:
1 O BR(V'SWY) HVT, z 55<m,, <215 GeV f
107 2 q0* EEZ(BTeV)»2zH
S w 5 (x20)
S 10° DY/gg VH HPHP category
S0 102
< 10
O,
10° 1 !
[nh |
104 2 3
£
10° el 2 3 4 5 6
Mv‘ [TeV] Dijet invariant mass [TeV]

CMS-PAS-B2G-20-009[11]. Physics briefing,

Model Observed limit (TeV)
Radion DY/gg vV 2.7

HVT model B, W’ WZ /WH 44 /40

HVT model B, Z’ WW /ZH (1.3-3.1,3.3-35) / 3.9
HVT model B, V' VV+VH /VV /VH 48/45/42
Gy (R = 05) DY/gg vV 14

@ Most stringent limits on spin—1 V.
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https://moriond.in2p3.fr/2022/EW/slides/2/1/9_AAgapitos-short.pdf
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-009/index.html
https://cms.cern/news/w-z-and-higgs-bosons-portals-exotic-physics

Paired dijet resonances

Dijet Pair 1:
pt=349TeV
mass = 1.88 TeV

x

GMS Experiment at LHC, CERN
Data recorded: Sat Oct 28 12:41:12 2017 EEST
Run/Event: 305814/ 971086788

Lumi secton: 610

PF Jot 1
B=2218ToV
o=

Dijet Pair 2:
pt =3.45TeV

mass = 1.86 TeV

Excesses observed

@ Resonant m(S,u) = 8.6 TeV, 3.90(1.60)

local (global).

@ Non resonant m(t) = 0.95 TeV,
3.60(2.50) local (global).
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-010/

Vector-like leptons 3rd generation

59.8 fb™! (13 TeV)

c
s ,CI:JM,S & Dae i Vet - 59.8 o (13 TeV)
L Prelimina t t =
2 Y mu M faketau S CMS + Data - Multijet
5 60 % Total uncert 3 | Preimnay B w =
L 2 aketau
w 2-t channel: S 60 = EE (600 Gev) [, EN (600 GeV)
L 2z channel: [ [1 NN (600 GeV) % Total uncert
L w 2-t channel:
40 SR

40

20

0!

1.0;
0 010203040506070809 1

1t

Data / SimA

Data/ Sim

0% 010203 04 0506 07 08 09 1
CMS-PAS-B2G-21-004[12] DNN;

@ 4321 (UV—complete) model with the potential to explain
measurements.
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existing B—physics

o New techniques for 7 and b: DeepTau[TAU-20-001], DeepJet[arXiv 2008.10519].

@ Mild excess at 2.90(2.8¢0) local(global) at 600 GeV.
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https://cds.cern.ch/record/2803736?ln=en
http://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-20-001/
https://arxiv.org/abs/2008.10519

Resonant production of strongly coupled dark matter
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95% exclusion limits extend to 1.5 < Z/ < 5.1 TeV with DBT
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First search for resonant production of DM from a strongly coupled hidden sector
Dark quarks production through a Z' mediator gg — Z’' — xX.

Boosted Decision Tree (BDT) to improve signal-BKG rejection.

Two signal regions based on transverse ratio Ry = P?iss/mr

CMS 138 fb! (13 TeV)
T T T T
95% CL upper limits BDT-based
10 ~+-Observed (o) —Theoretical

- -Expected (o25)

[68% expected (o) Expected (%) |
% expected (o ~+Observed (o

95% d (o) Observed (0gy,)

My =20 GeV, 1, = 0.3 --Expected (oSt

-=-Observed (o}%))

m,. [TeV]

0 0.2 0.4 0.6 )
BDT discriminator (J; ,) JHEP 06 (2022) 156
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-020/

Run 3 expectations
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CMS Hardware Updates

BEAM PIPE
Replaced with an entirely new

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.

one

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

® problems, saving valuable

§ time for physics during

collisions and extending
the magnet lifetime.

CERNGRAPHICS2022007
CMS Results - Isabel Pedraza (BUAP)
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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.

GAS ELECTRON
MULTIPLIER (GEM)
DETECTORS

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

November 21, 2022
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https://cds.cern.ch/record/2809003

Developments done for Run3

. B-parking 4 u Y Collected billions of unbiased B decays
— in 2018 we used low p; displaced triggers to save a sample of 12 billion events total
unbiased B hadron decays recoiling wrt the triggered muon Mode N Jm B
+ Parked trigger rate ~2kHz was reconstructed after the end of the run Eﬁ:“ Generic b hadrons
— Enables several analyses on LFU violation currently in progress E«i Sl "’: 04 Lo
* Expect first approved results soon & Al l[)“ . i
Signai-side. B, 12x10° 01 1.0
— Studying how to further optimize the trigger in Run 3 riiesed b baryons 12x10° 0.1 10
. N decays B, 1.0x 107 0.001 1.0
Scouting Total 10x10° 10 1.0
— Analysis based on a reduced data format and on the online Events for R and Ry~ analyses
reconstruction in the HLT farm (do not save the full event data) BY 5 K+ 2600 04  66x10°7
— InRun 2 all analyses based about 5 kHz (~1 kHz of Particle Flow  \ j] BooENEE im0 (08 Asxw
scouting)
— For Run 3 aim at running PF on higher rate, possible adding Kalman f'lte‘;:: ‘IHJmHeI SR
additional L1 triggers (use GPUs and pixel tracks ) commissioned with cosmic rays

* LLP improvements

— Ongoing developments in the L1 trigger area with the aim to increase
efficiency for displaced signatures
* Increase efficiency for displaced muons
+ Extend muon triggers to hadronic showers
* QOut of time ECAL and HCAL at L1
* Using HCAL depth information

— HLT developments also ongoing

@i
© Pieri
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https://indico.desy.de/event/28202/contributions/102713/attachments/67577/84172/MarcoPieriCMS_v1.1.pdf

CMS Status
LHC restarted on July 5th,2022. Expected to deliver 240—250 fb~! for 4-year Run. [15][3]
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@ Over 10 fb~! delivered at 13.6 TeV
@ 90.2% data taking efficiency. [1]

CMS Luminosity Public Results
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Brazilian Physical Society Spring Meeting November 21, 2022

21/44


https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

Run3 Event at 13.6 TeV: New world record!

CMS Experiment at the LHC, CERN
Data recorded: 2022-Jul-05 14:48:56.743936 GMT
Run/ Event/ LS: 355100 / 51596902 / 53

Image from CMS News
CMS Results - Isabel Pedraza (BUAP) Brazilian Physical Society Spring Meeting November 21, 2022



https://cms.cern/news/wait-overthe-lhc-run-3-has-started

e at /s = 13.6 TeV with 1.2 +0.07 fb~! (1/2)

Events / bin
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Comparison between simulation and data in the final analysis binning postfit agreement and
uncertainties after performing the fit. The Lepton ID efficiency uncertainties are not included
in the uncertainty band.
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https://conference.ippp.dur.ac.uk/event/925/contributions/5731/
https://en.wikipedia.org/wiki/Top_quark

e at /s = 13.6 TeV with 1.2 +0.07 fb~! (2/2)

First measurement of top quark production by CMS at /s = 13.6 TeV! o, = 8871ng pb

T T T
v Tevatron combined 1.96 TeV (L < 8.8 o)

CMS combined ey, +jets 5.02 TeV (L = 27.4-302 pb™)
= CMSeu7TeV(L=5M)

3
10°E5 Cusaess Tev (L= 1841
% CMS ey 13 TeV (L=359 ")

% CMSalkjels* 13 TeV (L=25316")
+ CMS tve/u13TeV (L=3591")

T
CMS Preliminary

T
Sep2022

X CMSl+jets 13 TeV (L=137 ")
[- o CMS leptons* 136 TeV (L=1.21b")
* Preliminary

Inclusive tt cross section [pb]

T

BN NNLO+NNLL (pp) 700F

Z# an

E=== NNLO+NNLL (pp)

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 |
NNPDF3.0, m,_ =172.5 GeV, ,(M,) = 0.118  0.001 ['IaS(MZ)=D 133

TS5 s Tiev)

2 4 6 8 10

TOP—22—012.

12 14
Vs [TeV]

Dominant uncertainties:

Source | Uncertainty (%)

Lepton D SF _ 3.4

Jet energy scale 16

b tagging SF 1.5

ME/PS matching | 1.1
Direll-Yan background 0.9
Pileup | 0.7

combined likelihood fit 4.0
Jet calibration (external) 21
luminosity (external) | 6.0

@ Combination of five channels ey, ee, pu, e+jets, p+jets.

@ Events are selected with one or two charged leptons and additional jets.
@ A novel early measurement which uses multiple channels to constrain efficiencies in situ.
@ Agreement with the Standard Model prediction.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-012/index.html

Run 3 opportunities for Physics

@ Run-2 data analysis is still ongoing (W mass included)

e New things with Run-3 data: new triggers, scouting(high rate trigger-objects analysis)
and parking ( opportunistic reco)|[2]

@ 1 billion fully-simulated (GEN to RECO) events produced every week.

@ Machine Learning applications, streamlining the analysis process, heterogeneos computing
(GPUs+CPU in use for HLT for Run3)

o Exotic seraches have some gain with 13 — 13.6 GeV.
@ Development of better methods for taggging, BG estimations, MC.

@ Special attention to Long Lived Particle searches.
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HL-LHC preparation
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HL—LHC preparation

L1-Trigger HLT/DAQ
https://cds.cern.ch/record /2714892 Barrel Calorimeters

* Tracks in L1-Trigger at 40 MHz

* PFlow selection 750 kHz L1 output
* HLT output 7.5 kHz

* 40 MHz data scouting

* ECAL crystal granularity readout at 40 MHz
with precise timing for e/y at 30 GeV
* ECAL and HCAL new Back-End boards

* DT & CSC new FE/BE readout
{ * RPC back-end electronics
* New GEM/RPC1.6<n<2.4
“ .+ Extended coverage ton =3

Calorimeter Endcap

https://cds.cern.ch/record/2293646
= 3D showers and precise timing
+ Si, Scint+SiPM in Pb/W-SS

Beam Radiation Instr. and L

* Bunch-by-bunch luminosity measurement:
1% offline, 2% online =

s -

Tracker : -
* Si-Strip and Pixels increased granularity MIP Timing Detector
* Design for tracking in L1-Trigger https://cds.cern.ch/record/2667167

* Extended coverage ton =3.8 Precision timing with:

« Barrel layer: Crystals + SiPMs
* Endcap layer: Low Gain Avalanche Diodes

©Rizzi [2]
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https://agenda.infn.it/event/28874/contributions/171902/

HL—LHC preparation

* The 2019 Yellow report gives a comprehensive review of the physics at the HL-LHC: - o
— https://cds.cern.ch/record/2703572?In=en

* More studies starting to appear the context of the Snowmass activities
* First CMS public results here: ol

* VBS measurement of WfW* and WZ
at HL-LHC uses leptonic decay modes

iiiﬂl

=
of both W and Z where | = e n ) h Mode WW reference frame  Parton-parton reference frame
; ; fraction (%) fraction (%)
— Extrapolated from full Run 2 WiWE 109 73
. WiWg 319 374
analysis WEWS 572 553
- Co;ltn:utloins Dif P Uncertainty for inclusive Expected significance
WL WL B WL WT and WT WT are measurements for the detection of W W
measured in the WHW:CM [ 5 = Ty
. . Z Tems = lems
reference frame or in the initial- 2 | Phoses projection B | Phasoz Prjecton
5 Wb ncasiv messiramari ]
state parton-parton one BT R E e 4
= [ o -
CMS-PAS-FTR-21-001 R Ry - ]
= —
i 5 : :

: o [T 0
Luminosity [fb] Lurninesity [fb7]

©pieri
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https://indico.desy.de/event/28202/contributions/102713/attachments/67577/84172/MarcoPieriCMS_v1.1.pdf

Summary

@ more than 1000 SM measurements and new physics searches available with Runl and
Run?2 data.

Many of them are precision measurements.

Large number of BSM scenarios and signatures explored with LHC Run-2 data.
New challenging models/signatures have been proven for the first time.

Run-2 is a huge dataset and many analyses are still ongoing.

CMS is publishing ~80 analysis per year

CMS is already taking Run-3 data.

Few 2-3 sigma to be clarified with Run-3.

Preparing for HL-LHC: new detectors to be installed.
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23rd August incident

e ~ 18:00 lost communication SF4 cooling water flow PLC
o Cryo compressor stopped in P4
o RF cryo went in safe mode — controlled He release

e ~ 22:00 cryo system back online, start of recovery

e Fast response time of all involved teams !

e RF cavities pressure release disks ruptured
o Cold He release lowered the burst disk rupture threshold
o Disks replaced during the night by RF and Fire Brigade
o Warm up to 300K is needed due to contaminated
atmosphere in the RF cryo module

o Expected downtime ~4 weeks

| LHCC 151st

LHC Status Report at the 151st LHCC Meeting - OPEN Session[6]
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CMS DETECTOR

Total weight
Overall diameter
Overall length
Magnetic field

CRYSTAL

ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PBWO, crystals

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels

STEEL RETURN YOKE
2 14,000 tonnes 12,500 tonnes SILICON TRACKERS
115.0m Pixel (100x150 ym?) ~1 m* ~66M channels
1287 m Microstrips (80-180 ym) ~200 m* ~9.6M channels
:38T

SUPERCONDUCTING SOLENOID
‘Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
‘Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

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

FORWARD CALORIMETER
* Steel + Quartz fibres ~2,000 Channels

Nature 607, 60-68 (2022)[4]
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CMS Cross Section measurements
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

CMS Cross Section measurements
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RPV UDD, §-tbs, m, = 2500 GeV.
RPY UDD. §intbs, m; = 2500 GeV

RPY LQD, £,
RPV LOD, £-bl,

GMSB, §+g6, mo=2450 GeV
GMSB, §=gG, my=2100 GeV
Spit SUSY, §qa), ms = 2500 eV,
Splt SUSY, g, ms = 1300 GeV
Spit SUSY (HSCP), f,= 0.1, m; = 1600 GeV
mGMSB (HSCP) tanf =10, 4> 0, m:

HZoZo(0.1%), Zou, M= 125 GV, mx = 20 GeV
HoZoZo(0.1%), Zo-51u(157%), mi =125 GeV, mr =5 GeV.
HoXX(10%), X-3ee, my = 125 GeV, my = 20 GeV
HXX(D.03%), Xl ms = 125 GeV, mix=30 GeV.
H=XX(10%), X=bB, my = 125 GeV, mx = 40 GeV.
HoXX10%), XD, my= 125 GeV., 1 = 40 GeV-
H=XX(10%), X=DB, my = 125 GeV, mx = 40 GeV.

Gark QCD, M, = 5 GeV, M, = 1200 GeY.

Long Lived Particles

Overview of CMS long-lived particle searches
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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Leptoquarks

Overview of CMS leptoquark searches

CMS Preliminary
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