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Long shutdown 2 progress
rowards Run 3
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CMS operations during the
pandemic

 Shift Leader and Technical Shifter in the control room fulfilling safety rules

e DAQ), Trigger, and DQM shifter operating remotely

e Subdetector experts in PT5 only it nedeed
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 Waiting for second elevator replacement before restarting public

underground visits on Oct 4 2021 at the earliest
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Focus on Pixel iInstallation

: Pixel refurbishment
, completed: New

' Layer 1, DCDC

r converters,
 module exchange
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Focus on Pixel iInstallation

' Lowering BPix onto installation
platform and insertion
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Focus on Pixel iInstallation

CERN & @CERN - Jun 29
Find out more about the @CMSExperiment and recent upgrades of the
detector!
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CERN - 10.5K viewers 2:50/ 27:28° ) 7

@ CERN @ @cERN Lea Caminada
Live from the CMS Experiment at CERN

FPix installation and CERN Live Event

T @ o o O O @ O O o>

6/29

CMS Status Report - Sept. 1st, 2021 3/28



Focus on Pixel iInstallation
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: PLT/BCM installation
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Focus on Pixel iInstallation
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e Tracker bulkhead cﬁsmg team
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Trccker bulkheads closed
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Focus on Pixel iInstallation
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Cold checkout performed
successfully at -22C

‘Tracker bulkheads closed
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Beam Radiation Instrumentation &
Luminosity (BRIL)

Many Run 2 systems upgraded with new
components

- Trigger pg-scouting luminosity (L1 muons)
New: Phase-2 BRIL firmware

- REMUS, LHC RadMon
New: more radiation monitors

- BCML2 beam loss
New: sapphire & pCVD diamond sensors

- Beam Halo Monitor
New: XDAQ software

- BPTX (~175 m) Timing/trigger
New: oscilloscope upgrade
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Beam Radiation Instrumentation &
Luminosity (BRIL)

Many Run 2 systems upgraded with new
components

Completely rebuilt and optimised for Run 3

- BCMITF luminosity, beam-induced background
- BCML1 beam loss

- Pixel Luminosity Telescope luminosity

- Trigger pg-scouting luminosity (L1 muons) g

New: Phase-2 BRIL firmware J
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New: more radiation monitors — | ;';_' ol \’
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- BCML2 beam loss

New: sapphire & pCVD diamond sensors
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- Beam Halo Monitor
New: XDAQ software
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- BPTX (~175 m) Timing/trigger
New: oscilloscope upgrade
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Beam Radiation Instrumentation &
Luminosity (BRIL)

Many Run 2 systems upgraded with new
components

Completely rebuilt and optimised for Run 3

- BCMITF luminosity, beam-induced background
- BCML1 beam loss

- Pixel Luminosity Telescope luminosity

- Trigger pg-scouting luminosity (L1 muons) g
New: Phase-2 BRIL firmware

- REMUS, LHC RadMon e A
New: more radiation monitors

- BCML2 beam loss
New: sapphire & pCVD diamond sensors

- Beam Halo Monitor
New: XDAQ software

- BPTX (~175 m) Timing/trigger
New: oscilloscope upgrade

N

 All BRIL systems installed, being commissioned to be read;l f\or the
October LHC beam test!
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Latest from Point 5

Magnet starts cooling down

New magnet diffusion
= vacuum pumps
B commissioned

e Ready for data taking by beginning of Oct.
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Summer 2021 data taking

e Extensive cosmic data taking performed during summer:

Cosmic Run at Zero Tesla (CRUZET) and Cosmic Ray data at Four Tesla (CRAFT)
Crucial for CMS commissioning and used to analyse, calibrate, and align detectors

Activity MWGR CRUZET CRUZET CRAFT MWGR MWGR CRAFT CRAFT + Ramp-up
(coll.)
When? June 9-11 Jull2... ..Augld Mid of Sept. Mid. of Mid. of Dec. ~from mid Physics data
to the Beam Nov of Jan to the
test. first beams
Datataking Yes (™3 Yes (24/7) Yes (24/7) Yes Yes (~3 Yes (~3 Yes (24/7) Yes (24/7)
days) (24/7) days) days)

e CRUZET started on July 12th: many centrally organized and

local acfivities
* CRAFT o begin in early October, after magnet commissioning |

 All subsystems running without major problems. Several tests
ongoing to improve stabllity of the system.
CMS Status Report - Sept. 1st, 2021
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CRUZET: Detector highlights

Calorimeters

 ECAL: new feafures being tested extensively
- Upgrade control and safety system
- Improved algos for spikes rejections at L1
- Corrosion issue found in preshower cooling system. Refurbishment
campaign underway
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CRUZET: Detector highlights

Calorimeters

 ECAL: new features being tested extensively
- Upgrade control and safety system
- Improved algos for spikes rejections at L1
- Corrosion issue found in preshower cooling system. Refurbishment
campaign underway

Muon Systems

e GEM: collect stats and commissioning
_ INn one endcap
(VIRx baked to monitor RSSI drifts)
- Continuous monitoring of chambers “not
configuring” / “in error during run”
- Good progress in the GEM-Encap Muon Track
Finder L1 infegration and commissioning
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CRUZET: Pixel alignment

* Pixel working nicely after re-installation

 BPix and FPix parficipated in global cosmic ray data-taking, collecting
3.5 M events
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CRUZET: Pixel alignment

* Pixel working nicely after re-installation

 BPix and FPix parficipated in global cosmic ray data-taking, collecting
3.5 M events

e Performed initial frack-based alignment

CMS Preliminary 0T cosmic rays (2021) . CMSI PrelirlninaryI | OTI cosmilc raysl(2021)
E _lllllII”l””Illllllllll""I""I”"_ llllllllllllllllllllllllllllllll i
=. 500 - Alignment: 0T cosmic rays _ = - Alignment: 0T cosmic rays 7
< Run Il geometry iw=>532um, rms=758um - < 250} Run Il geometry u=-30.6 um, rms = 52.0 um _|
~ Early alignment 2021 n=58um, rms=418pum ~ Early alignment 2021 p=-02pum, rms =346 um
0 [ —— Refined alignment 2021  p=1.0um, rms=29.1um 7 0 Refined alignment 2021 u=-0.1pm, rms =23.8 um -~
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GPU deployment @HLT

* Previously CMS has demonstrated ECAL, HCAL and pixel local reco
offloaded to GPUs ( ~25-30% of the menu)

 Now integrated necessary code to run GPU algorithms in standard release

« Completed the upgrade of infrastructure to deploy GPU based menus at PT5

Total LTA Path: Status_OnGPU
- currently two out of

153 nodes are
equipped with an
NVIDIA T4 GPU

ECAL & HCAL HLT local
reconstruction run on GPU

- ability to run same
config on CPU only
and CPU+GPU nodes

e System commissioned and GPU enabled menus run routinely at PT5
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Computing operations and
data processing
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Release and production plan
until mid 2022

I
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul

2022
2021 - - > - -

CMSSW _11.3 0 cMsSSW 12 & 0 CMSSW _12.1 0 CMSSW_12 2 0 CMSSW 12,3 07
e Geant410.7 e Stable DPE code e Stable POG code e Datataking release
e GPU e PF calibrafion samples e POG samples e POG and PAG samples
e L1 Trigger](w/o LLP) e LI1T: LLP; HLT: 1st menu e Trigger: final menu
| e DDAHEP
Commissioning: ., . T I £ © - pp-Collisions:
e Midweek GR 7 < % S m I - 8 o o e Feb: Beam commissioning
e Cosmics ’;’"‘3 g ?-_ § ! <o g = e Apr: Ramp-up / first collisons
e LHCbeams =3 =0 o : o3 = < e May: Physics
Run-3 DPG and trigger samples (CMSSW_11_X) : Run-3 Trigger, DPG, POG, PAG samples (CMSSW_12_X)
stom-Nano
qu (JME)
Legacy ! ' Legacy |
NanoAODvS | 1_ NanoAODvi0 |
Re-MiniAOD on all Legacy AOD |
I U-LegacyheReco for B-parking
I
Run-2 Legacy MC 16/17/18 (Summer20UL) MiniAODv1 Rur-z Legacy MC 16/17/18 (Summer20UL) MiniAODv2 is default
[

Run-2 Legacy: Run-3 Preparation Phase-2 Preparation
e Expect to produce ~60 Billion MC events in 2021 e Detectors, conditions and trigger e Esp. for HLT-TDR
e NanoAOD: Plan to establish train-model production e Workflow and analysis exercises (DPG, POG, PAG) e New MC samples as needed
e MiniAOD: Updates if/when new features are available o (Early) analysis preparation

e CMSSW 12_0_0is the first Python 3 only release
CMS Status Report - Sept. 1st, 2021 10/28



Simulafion and Re-Processing

) RunliSummer20UL18MiniAOD (14.64G)

) RunliISummer20UL17MiniAOD (11.47G)

@ RunliISummer20UL16MiniAOD (8.36G)

@ RunliSummer20UL16MiniAODAPV (7.79G)
) RunllAutumn18MiniAOD (5.45G)

@ RunlIFall17MiniAODv2 (3.11G)

@ RunliSummer16MiniAODv3 (2.4G)

40G - @ RunliISummer19UL18MiniAOD (882.42M)

@ RunliISummer19UL16MiniAODAPV (793.97M)
¢ RunliSummer19UL16MiniAOD (654.17M)

@ RunliSummer19UL17MiniAOD (608.5M)
30G @ RunliLowPUAutumn18MiniAOD (22.29M)

@ Runllpp5Spring18MiniAOD (12.98M)

Total (56.2G)
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e Simulation production:
>50B unique Run Il MC events produced in past year
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Simulafion and Re-Processing

25G - Time: Mon, Aug 23rd, 2021, 13:18 Expected events: 24.28G
Deleted/Invalid events: 525.44M

20G- Done events in DAS: 21.02G

15G

10G

5G A
F I I I I i I I 1

2021 February March April May June July August

e Analysis Run Il data re-processing: data nearly complete, MC 85%, B-
parking recently submitted
* Physics Object Group Run lll samples starting now
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High Performance Computing

400K

350K

300K

250K

200K
150K min max avgv
== TOTAL 273K 377K 319K
100 K MC Ultralegacy 111K 304K 222K
== Analysis 294K 852K 581K
== Run2 requests 871 111K 283K
50K == Run3 requests 196 262K 7.86K
0
06/01 06/16 07/01 07/16 08/01 08/16

e Excellent usage of HPC, steadily
INcreasing

* HCP Average capacity tripled in
the first 7 months of 2021 relative
to 2020
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by High Performance Computers

the job mixture

CMS HPC usage in '20 and '21: Number of Cores
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e Using full CPU capacity at disposal, boosted

* Legacy Monte Carlo generation dominating

PSC (US)

B NERSC (US)

B CINECA (IT)

B TACC (US)

B SDSC (US)
CLAIX (DE)

B HoreKa (DE)

| ForHLRII (DE)
ALCF THETA (US
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Physics analyses
and publications
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Major 2021 summer conferences

6/6 . P
LHCP2021 /yz@
The Ninth Annual Conference on Large Hadron Collider Physics
\
52 talks (plenary and parallel) - 25 posters - 15 New Results
(2617 -

EPS-HEP Co nfe rence 2 ‘ 21

| Eurolgan Physu;ﬁl Sf‘ﬁe’ty $o”ference on high energy physics 2021

53 talks (plenary and parallel) - 35 posters - 26 New Results

23/8
The XXVIII International Conference on
Supersymmetry and Unification of Fundamental

AV Interactions (SUSY 2021)

25 talks (plenary and parallel) - 4 New Results
CMS Status Report - Sept. 1st, 2021 13/28



Physics communications

Many physics briefings were presented since last LHCC, for the LHCP, EPS, and
SUSY conferences: link here

ANEW WINDOW INTO THE SHADOW
WORLD: EXOTIC PARTICLE DECAYS IN
THE MUON DETECTORS

A new window into the shadow world: exotic
particle decays in the muon detectors As physicists
seek the elusive particles that may reveal a new
understanding of the universe's inner workings,
one intriguing possibility is the conceivable
existence...

READ MORE

A TALE OF TWO COLLIDERS AND THE

UNRIVALLED PRECISION ON THE 7
INVISIBLE WIDTH

The most powerful particle collider in the world,
the Large Hadron Collider (LHC), was built in the 27
km tunnel originally excavated for the highest
energy electron-positron collider ever built, LEP. As
an extraordinarily sensitive machine, LEP was...

READ MORE

LIVE LONG AND PROSPER: SEARCHING

FOR THE LONG-LIVED RELATIVES OF
THE HIGGS BOSON

Live long and prosper: Searching for the long
lived relatives of the Higgs boson A recent result

from CMS searches for long-lived particles

through the so-called "Higgs portal” in ways never

done before. For about a decade now the CMS
experiment at..

READ MORE

USING THE GOLDEN DECAY CHANNEL TO

UNDERSTAND THE PRODUCTION OF THE
HIGGS BOSON

Using the golden decay channel to understand
the production of the Higgs boson The standard
model of particle physics is currently the best way
to describe interactions of fundamental particles
that make up our Universe. It has been tested
over many..

READ MORE
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\/

ANY MORE HIGGSES WE SHOULD KNOW
ABOUT?

This year marked the ninth anniversary of the

discovery of the Higgs boson; the Standard Model

particle linked to the mystery of creating the mass

of all the other fundamental particles through the

so-called Higgs mechanism. While a single Higgs...
READ MORE

WHAT DOES THE DECAY OF A BOTTOM

QUARK LOOK LIKE?

What does the decay of a bottom quark look like?
Fragmentation, also known as hadronization, is
when particles that contain quarks or gluons create
other particles via the strong interaction. The
fragmentation process cannot be exactly
calculated...

READ MORE

s

SEARCHING FOR THE DARK SIDE OF THE

UNIVERSE

Could you imagine what the dark part of the

universe is like? The Standard Model of Particle

Physics explains matter at the subatomic level and

the related phenomena such as interactions and
forces between the subatomic particles. Still, we
already..

READ MORE

A SHOT IN THE DARK: CAN JETS RECOIL

AGAINST DARK MATTER?

A shot in the dark: Can jets recoil against Dark
Matter? In their 2020 hit single ‘A Shot in the Dark'’
the rock band AC/DC got it right in many ways: “A
shot in the dark Make you feel alright A shot in the
dark All through the whole night” The...

READ MORE

THE FOUR BEAUTIES IN THE TALE OF

TWO0 HIGGSES

The interaction of the Higgs boson with its own

field leads to its mass generation. Since the Higgs

boson mass has already been measured, the
study of the Higgs pair production at the LHC
reveals directly the strength of the Higgs self
coupling AHHH...

READ MORE

USING MACHINE LEARNING TO IMPROVE

THE DETECTION OF NEW PHYSICS IN
THE INTERACTIONS OF THE TOP QUARK

Using machine learning to improve the detection
of new physics in the interactions of the top
quark Although our theory describing the
interactions between fundamental particles is
exceptionally successful, it has weaknesses. You
may have heard,

READ MORE

JETS-OF-ALL-TRADES: CONSTRAINING

STANDARD MODEL AND BEYOND

For the first time, CMS physicists extract the
fundamental parameters of QCD together with
constraints on the New Physics. Any tiny failure of
the Standard Model to explain data behaviour is a
possible window for the New Physics. An example
is..

READ MORE

EXPLORING THE PHYSICS PROCESSES

INSIDE THE HOTTEST MATTER IN THE
UNIVERSE

Quarks are elementary particles in the Standard
Model and the building blocks of the protons and
neutrons in atoms. The dominant force between
quarks is the strong interaction. Gluons are the
force carriers of the strong interaction, and one
thing...

READ MORE
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https://cms.cern/tags/physics-briefing

Summer 2021 publication activity

[ TOP

Measurement of the top quark mass using events with a single reconstructed top quark in pp collisions at \/E =13

Measurement of differential tt production cross sections in the full kinematic range using lepton+jets events from

Probing effective field theory operators in the associated production of top quarks with a Z boson in multilepton final

Measurement of the inclusive and differential tf}' cross sections in the single-lepton channel and EFT interpretation at

Measurement of the inclusive and differential Higgs boson production cross sections in the decay mode to a pair of 7

Search for a heavy Higgs boson decaying into two lighter Higgs bosons in the 7zbb final state at 13 TeV

Measurement of the electroweak production of Zy and two jets in proton-proton collisions at /s = 13 TeV and

Measurements of the electroweak diboson production cross sections in proton-proton collisions at \/E = 5.02 TeV

Measurement of prompt open-charm production cross sections in proton-proton collisions at ﬁ =13 TeV

TOP-19-009 TeV
IOE-20-001 proton-proton collisions at \/E =13 TeV
S states at 1/s = 13 TeV
TOP-18-010 V5 = 13 TeV
HIG-20-015 leptons in pp collisions at \/E =13 TeV
HIG-20-014
SMP-20-016 . . :
e constraints on anomalous quartic gauge couplings
SMP-20-012 . .
- using leptonic decays
BPH-18-003
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Submitted to JHEP

Submitted to PRD

Submitted to JHEP

Submitted to JHEP

Submitted to PRL

Submitted to JHEP

Submitted to PRD

Submitted to PRL

Submitted to JHEP

24 August
2021

5 August 2021

29 July 2021

3 July 2021

23 July 2021

18 June 2021

21 June 2021

2 July 2021

3 July 2021
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Summer 2021 publication

EXO

EXO-20-004

EXO-20-015

EXO-20-001

Search for new particles in events with energetic jets and large missing transverse momentum in proton-proton
collisions at /s = 13 TeV

Search for long-lived particles decaying in the CMS endcap muon detectors in proton-proton collisions at \/E =13
TeV

Search for Wy resonances in proton-proton collisions at /s = 13 TeV using hadronic decays of Lorentz-boosted W
bosons

SUS

SUS-20-003

SUS-20-002

SUS-19-012

Search for chargino-neutralino production in events with Higgs and W bosons using 137 fb~! of proton-proton
collisions at /s = 13 TeV

Combined searches for the production of supersymmetric top quark partners in proton-proton collisions at /s = 13
TeV

Search for electroweak production of charginos and neutralinos in proton-proton collisions at ﬁ =13 TeV

HIN-19-007

Fragmentation of jets containing a prompt J/ys meson in PbPb and pp collisions at /s, = 5.02 TeV
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Submitted to JHEP

Submitted to PRL

Submitted to PLB

Submitted to JHEP

Submitted to EPJC

Submitted to JHEP

Submitted to PLB

27 July 2021

10 July 2021

19 June 2021

26 July 2021

22 July 2021

27 June 2021

23 June 2021
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Measurement of the Z invisible width

« /Zinvisible width extracted from ratio of measured cross sections of Z(vv)
+jets to Z(ll )+jets:

o(Z+jets) B(Z — vi)

(Z - vi) =
F o(Z +iets)B(Z — ¢
CMS Preliminary 36.3 fb ! (13 TeV) CMS Preliminary  36.3 fb! (13 TeV)
T T I T .l“ T I. l T T T l T T I T l | 1 T I T T T T ] T [ T I | D I T T T 1 I’ L I I T 1T 1 1 ]
10° P +jets 7| [T uu +jets [ ee+jets | § Data |
"~ SM prefit : :
g [ SM postfit ALEPH :— I ® i —: 450 + 48 MeV
LE 10% — —F — Z(—>1/l/)+j - .
5 W(—=lv)+j L3 —e— —1498 +£ 17 MeV
| | | | 1 | Minor : -
e ——— QCD multijet o E
o E E Z/y (= 1) + ] OPAL: F—e— :539i31MeV
IS - ‘ ‘
R~ [ —
_(_‘cg 3 _ I 1 ! I I 1 1 ! l_' | 1 1 ! 1 1 T I ! l_l _ I I ! 1 I 1 1 ! I_ - ) ) ) -
[ [ B 7
.é _% :. .o‘.,' o .. . .: :..:. ...0.00. o ® .: .;'....o........'o .: CMS :— |_’_| —: 523 + 16 MeV
o9} _3 . , e A , ® A , o, | B ]
o T N A SR Y T T [ T A T T T T ' [ N S T N T T T T T
500 1000 500 1000 500 1000 400 450 500 550 600
p1 (GeV)  (defined without the selected leptons) Tinv [MeV]

[i,, = 523 £ 3 (stat) £ 16 (syst) MeV

e Single most precise direct measurement of the Z invisible width
e Similar fo combined LEP result

CMS-PAS-SMP-18-014
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http://cds.cern.ch/record/2775364?ln=en

CP violation in semileptonic top pair events

* Measure asymmetry of 4 T-odd observables which if CPT is conserved are also
odd under CP transformation

. 1, >4jets (2bjets) 137fb™ (13 TeV) < 1u,>4jets (2bjets) 1377 (13 TeV)
S 108 o 8
8- CMS DY+jets @Singlet WV . S- 10 CMS DY-f-jets-S_in'gIet | v ' |
Acp(O;) = Nevents(Qi > 0) = Nevents (O < 0),1' =3,6,12, 14% "€ Preliminary +\éva§fts Etst:tiltle g%r;:t. tst:ysgmleptomc £ 195 preliminary +\[/)Va-:j:ts Etstt(:tl.e g%ny';. tst;setrmleptomc
Nevents(Oi > 0) + Nevents(oi < 0) o 10° " = ,_%J 10° -
10° 10°
. . 10* 10*
e Lepton + jefs final states :
Qg) 1.5:— = L§) 1.5 =
. < = e SEC S - eSO
e Top candidates reconstructed = £~ T 7O g e -
0.5
. . = 1.2F = O ]
w/ a x2sorting algorithm s ff R :
@ E o =43)/(d. =0 3 = ' ) d =-3)/d =0 E
OB—] 08 06 04 02 0 02 0:;@ o).'e( - g).'s ] B 08F Ed::=+3:/Ed:z=0)) 3
O,,/m; [GeV] -1 08 06 04 02 0 02 04 06 08 1
0,,/m’ [GeV]
. , 1lep, > 4 jets (2 bjets) 137fb" (13 TeV)
* All measures asymmetries consistent = s | | g
- 2 o K — 0.8 . A Agpinetjets Vv Algp inptjets s
Wlth O Indlcatlng no CPV % C Pfe//m/nafy A'sp in lepton+jets (8 TeV) A'sp in lepton+jets E
e 06 —
£ - ]
<I>)\ 04— —]
< - ]
0.2— { —
e Factor 3 reduced uncertainties w.r.t. o“ } { { { +
0.2 —]
8 TeV result i E
—0.6?— —f
CMS-PAS-TOP-20-005 08 E
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https://arxiv.org/abs/1511.01464
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-005/index.html

Observation of triple J/yp production

e Golden channel for double (DPS) and triple parton scattering (TPS)

Select 6u events consistent with 3 J/p decays

. 3p _ 4 A g
SPS: Ogpg  Asnoennse CMS Proliminary {613 TeV, L= 13316 CMS Proimingry 1513 TeV, L = 133"

1 CMS Preliminary {s=13TeV, L = 133 fb
L B s S B

1

- ¢ Data E - ¢ Data E ~ ¢ Data =

- — Total _f
N\ Jny Jhy Jry signal 3

é...L.LJ..J.,J...L.IL E

9 3 3.1 3.0 3.3 56 58 3 3.2 2.6 58 3 3.0
m[uu] [1] [GeV] m[utu] [2] [GeV] m[uu] [3] [GeV]

CMS Preliminary 133 fb' (13 TeV)
I 1 I I I I I 1

=e ’ —o—t CMS, 15=13 TeV, Jiy+J/y+J/y
——t CMS, 15=8 TeV, Jiy+J/y

Phys.Rept. 889 (2020

ATLAS, \s= 8TeV Jy+Jd/y

Eur PyJC? (20

— LHCb, \s= 13 ToV, Jy+Jiy

JHEP 10 ( 2017

——i
——t DO, 15-1.96 TeV, Jy+J/y

Phys.Rev.D 90 (2014) 11 111101

DO, \s= 196TeV J/ ‘+Y

Phys.Rev.Let 7206)6062

ATLAS \s =8 TeV, Z+b—J/y

> Nucl.Phys.B 916 (2017) 132 42

ATLAS, \s= 8TeV Z+Jly

Phys.Rept. 889 (2020) 1-10

- ATLAS, \s= 8TeV W+J/y
V%% PDE)L B7f1é20T8)</85 491 3 t
Phys RL/SDEN 20!01605201{2+ ]e

PR CDF, \s=1.8 TeV, y+3-jet

Phys HevDSG 997)3811382

UA2, \s=640 GeV, 4-jet

Physics Letters B 268 (1991) 145-154
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Heavy resonance X — HH

e X — HH — 4b one pair boosted and other boosted or resolved
e X - HH — bbWW and X — HH — bbzz with one b-pair boosted

- Deep neural network used to tag boosted Higgs decays and
categorize events

- Signhal extracted from a 2D fit to Higgs and X reconsfructed masses

138 fb™' (13 TeV)

138 fb' (13 TeV)
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Heavy resonance X — HH

e X — HH — 4b one pair boosted and other boosted or resolved
e X - HH — bbWW and X — HH — bbzz with one b-pair boosted

138 b {13 TeV

N
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% 102 - serve _ - I 68% expected .
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e Sensitivity improved about 6-14 fimes w.r.t. 2016 only analysis
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Three W bosons resonances
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Three W bosons resonances

e New resonances decay via a
scalar radion R: Wkk—mWR—WWW

e Resolved & Merged fully hadronic

decays
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

Non conventional physics

String resonance

Zy resonance

Higgs y resonance

Color Octect Scalar, k2 = 1/2

Scalar Diquark

tt + ¢, pseudoscalar (scalar), gf,, x BR(¢-2f) > = 0,03(0.004)
1t + ¢, pseudoscalar (scalar), gi,, x BR($-20) > = 0.03(0.08)

quark compositeness (G4), Aumr =1
quark compositeness (£f), Nuap =1
quark compositeness (qq), =-1
quark compositeness (#f), Numr= —1
Excited Lepton Contact Interaction
Excited Lepton Contact Interaction

(axial-)vector mediator {(xx). g, =0.25,gom =1, m, =1 GeV
(axial-)vector mediator (gg), g, =0.25,gpw =1, m, =1 GeV
scalar mediator (+t/tf), gq=1,gom=1,m, =1 GeV
pseudoscalar mediator (+t/t}), gq = 1, gou =1, my = 1 GeV
scalar mediator (fermion portal), A, =1, m, =1 GeV
complex sc. med. (dark QCD), my,, =5 GeV, cTx, =25 mm
Baryonic Z', 9 =025, gom =1, my =1 GeV

Z'—2HDM, gz = 0.8, gow =1, tanf =1, m, = 100 GeV
vector mediator (qg), g, =0.25,gom=1,m, =1 GeV

Leptoquark mediater, B=1, B=0.1, Ay pw = 0.1, 800 < M, < 1500 GeV

RPV stop to 4 quarks
RPV squark to 4 quarks
RPV gluino to 4 quarks
RPV gluinos to 3 quarks

ADD (jj} HLZ, ngp =3

ADD (yy. ) HLZ, ngp =3
ADD Gy emission, n=2
ADD QBH (jj). neo = 6
ADD QBH (eu), ngp = 6

RS Gxlyy), kM =0.1

RS QBH (jj), ngo =1

RS QBH (eu), ngp =1
non-rotating BH, My = 4 TeV, ngp = 6
split-UED, p =4 TeV

RS Guxlqd, 9g), kiMp = 0.1

excited light quark (gy), fs=f=F=1,A=m,
excited b quark, fs=f=f=1A=m,
excited light quark (gg), A=m,

Ited electron, fs=f=Ff=1,A=m.
excited muon, fs=f=f=1A=m;

UMSM, |Veu 2 =1.0, [Vinl? =10

UMSM, [VarVin |2/ Ven|? + [Viw|?) = 1.0

Type-lll seesaw heavy fermions, Flavor-democratic
Vector like taus, Doublet

scalar LQ (pair prod.), coupling to 1% gen. fermions, f =1
scalar LQ (pair prod.), coupling to 1¥ gen. fermions, = 0.5
scalar LQ (pair prod.), coupling to 2"¢ gen, fermions, B=1
scalar LQ (pair prod.), coupling to 2" gen, fermions, =1
scalar LQ (pair prod.), coupling to 2" gen, fermions, B=0.5
scalar LQ (pair prod.), coupling to 3 gen. fermions, 8 =1
scalar LQ (single prod.), coup. to 3 gen, ferm,, f=1,A=1

Zp, narrow resonance

Zp, narrow resonance

SSM Z'(gg)

Z'(qq)

Superstring Z,

LFV Z', BR(ey) = 10%
Leptophobic Z'

SSM W'(tv)

SSM W'(tv)

SSM W'(gq)

LRSM WalfNg), My, = 0.5My,
LRSM Wa{tNg), My, = 0.5My,,
Axigluon, Coloron, cotg =1

Overview of CMS EXO results
CMS preliminary
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Long lived Heavy Neuftral Leptons

e HNL mix with SM neutrinos A
e Small masses + small mixing — long-lived HNL Mo
N ™ s
Z
e Trigger on prompt | to enable sensitivity to low- : 52
momentum displaced | W o
prompt N"~-<; -
& —_— o . 138fb (13 Tev) W+ ]
ETne .. SSCEw e
> -=HNL6 = e
= Preliminary °
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. 137 11’01’1 (13 TeV)
>2102) N et
-8. Qte/lmnary == CM5 3 pronpt (2009
E

Constrain HNL neutrino mixing parameter 107}
values as a function of HNL mass 10°

Majorana
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Phase 2 Activities
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CMS Upgrade overview

- Barrel Calorimeters

« ECAL readout at 40 MHz w/
precise timing at 30 GeV

« ECAL/HCAL new back-end boards

The 2 Upgrade of the
CMS Barrel &sarlorimelers

L1-Trigger i i
» Tracks in L1-Trigger at 40 MHz

irtcl  © PFlow selection 750 kHz L1 —— = Muon systems
T —— D S  DT/CSC new FE/BE readout

PO — ——

« RPC back-end electronics
* New GEM/RPC 1.6<n<24
 Extended ton=3

i+ 3D showers + precise timing
* Si, Scint+SiPM in Plb/W-SS

NNNNNNNNNNNNNNNNNN

Tracker
« Si-Strip/Pixels increased

granularity \ \

» Tracking in L1-Trigger | \ |
- Extended coverage ton = 3.8 | \
— - M A

MIP Timing Detector

e Precision fiming with:
- Barrel layer: Crystals + SiPMs
- Endcap layer: Low Gain
Avalanche Diodes
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https://cds.cern.ch/record/2283187
https://cds.cern.ch/record/2283189
https://cds.cern.ch/record/2272264
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2667167
https://cds.cern.ch/record/2714892

Latest Upgrade TDRs

I CERN European Organization for Nuclear Research ~ CERN-LHCC-2019-003
CERN European Organization for Nuclear Research CERN-LHCC-2021-007 CMS-TDR-19-003

B : a R 0022 Organisation européenne pour la recherche nucléaire 6 December 2019
Organisation européenne pour la recherche nucléaire 17 June 2021

The Phase-2 Upgrade of the The Phase-2 Upgrade of the CMS
CMS Data Acquisition Beam Radiation
’

and High Level Trigger Instrumentation, and Luminosity
Technical Design Report Technical Design Report

HLT/DAQ Beam Radiation Instr. and Luminosity
* HLT output 7.5 kHz * Bunch-by-bunch luminosity
measurement: 1% offline, 2% online
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Latest Upgrade TDRs

CERN European Organization for Nuclear Research CERN-LHCC-2021-007 CERN S e RSl AN e AREE R Meaman
i | CMS-TDR-022
Organisation européenne pour la recherche nucléaire 17 June 2021

Samer
SR e g o\

The Phase-2 Upgrade of the

CMS Data Acquisition
and High Level Trigger

Technical Design Report

HLT/DAQ
* HLT output 7.5 kHz

CMS Status Report - Sept. 1st, 2021

Submitted mid-end June
Final Review end of August

s ; . CMS-TDR-19-003
Organisation européenne pour la recherche nucléaire 6 December 2019

T

The Phase-2 Upgrade of the CMS

Beam Radiation,

Instrumentation, and Luminosity
Technical Design Report

Beam Radiation Instr. and Luminosity

* Bunch-by-bunch luminosity
measurement: 1% offline, 2% online
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Phase-2 BRIL Upgrade

40 MHz scouting Neutron Monitors .
* Bunch by bunch Muon Barrel (MB) L1 muons, tracks, Gas filled proportional |Tracker E?dcap)Pler
i i 1 trigger primitives calorimeter objects| chambers  Detector (TEPX
U manSITy f clusters & coincidences

Outer Tracker
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L1 track stubs

Hadron Forward
Calorimeter (HF)
; y 4 hit towers & ZE;

<1% offline
<2% real-time
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LHC Radmons
TID, SEU rates,

1 MeV N. eq fluence Beams Conditions Monitor for

v [ Losses (BCML1,2)
Neutron Spectrometer ; . lonisati tin oCVD
. TEPX Disk 4 Ring 1 (D4R1) . | A SERICATE EHEECITLIT)
SiPMs & Bonners spheres - Fast Beam Condition| ;o1\ ond and sapphire sensors
clusters & coincidences Monitor (FBCM) PP
hits on Si pads

P—
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Phase-2 BRIL Upgrade

Neutron Monitors
Gas filled proportional
chambers

40 MHz scouting
L1 muons, tracks,
calorimeter objects

e Bunch by bunch Muon Barrel (MB) |

|U manS|Ty 1 trigger primitives

<1% offline
<2% real-time

Tracker Endcap Pixel
| Detector (TEPX)

clusters & coincidences

Outer Tracker
Layer 6 (OTL6)
L1 track stubs

Hadron Forward
Calorimeter (HF)
' e hit towers & ZE;

g Beam Halo Monitors (BHM) {
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e Online Monitoring of:
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Neutron Spectrometer
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hits on Si pads
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Phase-2 BRIL Upgrade

|U manSITy 1 trigger primitives

<1% offline
<2% real-time

e Bunch by bunch F/Iuon Barrel (MB)

Outer Tracker
Layer 6 (OTL6)
L1 track stubs

===" | Beam Halo Monitors (BHM)
|\ Cherenkov Light & PMT

e Online Monitoring of:
- radiation environment

- beam induced BrA
(z=+/-160 m)
background Timing
e

LHC Radmons
LTID, SEU rates,

1 MeV N. eq fluence

Neutron Spectrometer
SiPMs & Bonners spheres
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40 MHz scouting Neutron Monitors
L1 muons, tracks,

calorimeter objects

chambers

Gas filled proportional

Tracker Endcap Pixel
| Detector (TEPX)
clusters & coincidences

Hadron Forward
Calorimeter (HF)
hit towers & ZE;

clusters & coincidences ' Monitor (FBCM)

hits on Si pads

REMUS
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Phase-2 BRIL Upgrade

* Bunch by bunch Muon Barrel (MB)
|UmIﬂOSITy fl trigger primitives

<1% offline
<2% real-time

Outer Tracker
Layer 6 (OTL6)
L1 track stubs

===" | Beam Halo Monitors (BHM)
|\ Cherenkov Light & PMT

e Online Monitoring of:
- radiation environment

3 . BPTX
beam induced iy P

background - |ziming

LHC Radmons
TID, SEU rates,

e Beam abort trigger 1 MeV N. eq fluence

Neutron Spectrometer
.. SiPMs & Bonners spheres
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Phase-2 DAQ baseline
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Phase-2 DAQ Parameters

|

~ 1000
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Trigger Processors

Detector Front-Ends (FE)

Global Trigger

CMS detector
Peak (PU)

Trlgger and detector data 50,000 x“|| \1’ '''' GB1"Ilnks ‘ ‘ ‘
e HL-LHC
Phase-1 Phase-2
60 140 200

L1 accept rate (maximum)
Event Size at HLT input
Event Network throughput
Event Network buffer (60s)
HLT accept rate

HLT computing power
Event Size at HLT output ¢
Storage throughput

Storage throughput (Heavy-Ion)
Storage capacity needed (1 day )

100 kHz 500 kHz 750 kHz
20MB*“ 6.1 MB 8.4 MB
1.6 Tb/s 24 Tb/s 51 Tb/s
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12 GB/s 51 GB/s 51 GB/s
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hase-2 HLT Realistic Menu

e mplemented in
CMSSW

e Operation with
very similar
thresholds as in
Phase-1

CMS Status Report - Sept. 1st, 2021

Trigger type Phase-1 Phase-2
Threshold Threshold Rate at Rate at
[GeV] % rate L1 seed [GeV] (PU) =140 [Hz] (PU) = 200 [Hz]
Single u 50 3% TkMu_22 50 155+ 6 21348
Single yu (isol.) 24 14% TkMu_22 24 943 + 32 1111429
Double u 37,27 1% TkMu_15_7 37,27 27 +£1 40+1
Double y (isol.) 17, 8 2% TkMu_15_7 17,8 113+ 11 143 +£13
Triple p 5,33 0.5% TkMu_5_3_3 10, 5,5 39+8 48 +8
StaEG.51 OR
Single e (isol.) 28 13% TkEle_36 OR 32 (WP1) 609 4 27 1005+ 33
TkIsoEle_28 26 (WP2) 664 147 1012433
Double e 25,25 1% TkEle_25.12 OR 25,25 46 +4 82+6
StakEG_37_24
Double e (isol.) 23,12 1% TkEle_25.12 OR 23,12 52+5 104 +9
StaEG_37_24 OR
TkIsoEle_22_StaEG_12
Single y 200 1% StaEG_51 187 32+1 56 + 6
Single 7y (isol.) 110, EB only 1% StaEG_51 OR 108, EB only 35+9 52+7
TkIsoPho_36
Double 30,18 2% StaEG_37_.24 OR 30,23 123 +12 179+ 14
TkIsoPho 2212
Double T 35, 35 3% HPSPFTau_21_21 22,22 106 + 181 159 + 27
Single jet 500 1% Puppidet_230 520 53+1 76 £1
Hry 1050 1% PuppiHT_450 1070 53+1 74+1
Missing pr 120 3% PuppiMET_220 140 79 +7 228 +20
Multijets Hy =330 1% Puppidet_70_55_ Hy =330 32+4 48 +£5
with b-tagging  jets =75, 60, 40_40_PuppiHT_328 jets =75, 60,
45, 40 45, 40
Total rate 49% 2525 + 57 3621 1+ 62
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Phase-2 HLT Realistic Menu

* Implemented in

CM3SSW

e Operation with
very similar
thresholds as in
Phase-1

9288.9 ms
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Trigger type Phase-1 Phase-2
Threshold Threshold Rate at Rate at

[GeV] % rate L1 seed [GeV] (PU) =140 [Hz] (PU) = 200 [Hz]
Single u 50 3% TkMu_22 50 155+ 6 21348
Single yu (isol.) 24 14% TkMu_22 24 943 + 32 1111429
Double u 37,27 1% TkMu_15_7 37,27 27 +£1 40+1
Double y (isol.) 17, 8 2% TkMu_15_7 17,8 113+ 11 143 +£13
Triple p 5,33 0.5% TkMu_5_3_3 10, 5,5 39+8 48 +8

| StaEG.51 OR
‘ Single e (isol.) 28 13% TkEle_36 OR 32 (WP1) 609 £+ 27 1005+ 33
TkIsoEle_28 26 (WP2) 664 + 47 1012433
Double e 25,25 1% TkEle_25.12 OR 25,25 46 +4 82+6

StakEG_37_24
Double e (isol.) 23,12 1% TkEle 2512 OR 23,12 52+5 104 +9

StaEG_37_24 OR
TkIsoEle_22_StaEG_12

Single y 200 1% StaEG_51 187 32+1 56 + 6
Single y (isol.) 110, EB only 1% StaEG_.51 OR 108, EB only 35+9 52+7

TkIsoPho_36
Double 30,18 2% StaEG_37_.24 OR 30,23 123 +£12 179 £ 14

 Workable systems in Run4 and Run5 within inferim
TDR budget, using GPUs and a 1.6-4x code
improvement in the next 10 years

Scenario  Year Cost CHF/HS06 Capacity Est.need Missing
(MCHEF) W/ GPU (MHS06) (MHSO06) factor
Run-4 2028 20%/y 11.4 0.70 16.3 26.1 1.6x
15%/y 11.4 0.99 11.6 26.1 2.3%
Run-5 2032 20%/y 4.6 0.22 37.1(16.3 +20.8) 93.6 2.5%
15%/y 4.6 0.37 24.1(11.6 +12.5) 93.6 3.9x
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Conclusions

* Long Shutdown 2 on schedule:
- Succestull pixel installation
- Magnet cooling down smoothly

e Successful summer data taking at PTS5:
- Pixel alignment
- GPU integration @ HLT

e 45 New physics results (LHCP, EPS, SUSY)
- From Electroweak measurements to BSM searches

e Two new upgrade TDRs:
- BRIL TDR : possibility of < 1% uncertainty on integrated luminosity
- DAQ/HLT TDR : preserves same trigger thresholds throughout running

We are excited to re-start data taking beginning of 2022!
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