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_Compact Muon Solenoid
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== Qverview

Status of
detectors

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

* Particle Flow selection

* 750 kHz L1 output

* 40 MHz data scouting

Phase 2
upgrade

Calorimeter Endcap

H 22
* 3D showers and precise timing
* Si, Scint+SiPM in Pb/W-SS

Tracker

* Si-Strip and Pixels increased granularity
+ Design for tracking in L1-Trigger
* Extended coverage ton = 3.8

DAQ & High-Level Trigger
https://cds.cern.ch/record/2759072
« Full optical readout
« Heterogenous architecture
-+ 60 TB/s event network
+ 7.5 kHz HLT output

MIP Timing Detector
https://cds.cern.ch/record/2667167
Precision timing with:
« Barrel layer: Crystals + SiPMs
* Endcap layer:
Low Gain Avalanche Diodes

Run / Event/ LS: 374288 / 5946329 / 55

CMS Experiment at the LHC, CERN
' Data recorded: 2023-Sep-26 17:49:16.755456 GMT
=

Barrel Calorimeters

https://cds.cern.ch/record/2283187
* ECAL crystal granularity readout at 40 MHz

with precise timing for e/y at 30 GeV

* ECAL and HCAL new Back-End boards

M Barrel Caiorimeters

Techni D Bepen

Muon systems e
i CMS
* DT & CSC new FE/BE readout i b
* RPC back-end electronics \
* New GEM/RPC1.6<n<2.4 A »
* Extended coverage ton =3 ¥
GRS

Beam Radiation Instr. and Luminosity
27 7

* Beam abort & timing

+ Beam-induced background

Bunch-by-bunch luminosity:

1% offline, 2% online
Neutron and mixed-field radiation
monitors

R CI'IISIPre’Iim{narly - o 1381 (13 TIeV)
. m ]
E Observed — single-H comb., 5.8:'3: .
Ke=K, =K, ,=1 . ]
< - PV —— HH comb., 1.0***? ]
o 5 - -1.5 -
i single-H and HH comb., 3.1_*:;0 ]
4'_ 95% CL (20)]
3 -

2 i
1'_ 68% CL (10) ]
ob—— o 1]

-5 15
K

Heavy lon
data-taking

Physics
analyses
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CMS

H e V I O n 2023 (PbPb 5.36 TeV/nucleon)
E i 2500t CMS - LHC delivered: 1979.69 pb™" -

1 CMS recorded: 1822.71 pb™

N
o
o
o

e ~5 weeks of PbPb data-taking @5.36 TeV in 2023
e ~1.98 nb-1 delivered by LHC (1.8 nb-'in 2018)
e ~1.82 nb-' recorded by CMS (1.7 nb-1in 1018)
o efficiency by luminosity: ~91%

1500

—
o
o
o

500 -

Total integrated luminosity (ub™)

e Smooth operation of the CMS detector

O 1
. T Q Q Q ct o\ o’\ o’\ o’\ ct o\ o
e Collected nearly all hadronic statistic BRSNS ,0%0%0 O@%0\60\%‘3@0%@%%%0
e ~17 billion Minimum Bias (MB) events Pate (UTC)
e Also collected ~10 billion Ultra Peripheral Collisions (UPC) events
End of run
rsrgt;:f (06:00]
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34 35 36 37 38 39 Wk 40 41 42 43 44
" collisions : E | yMD2b
20 28 jection 4 MighBrun 11iHighBrun 18 Mo | . I % e L
Mo Mh:":”""; ________ R-g.r.e_f: ________ s Tu Moza ..... .% ................ .; .................
g chi vdm ! 2 : -
- I e e =— @‘.Z-To?ﬁ ......... §...... We S ey S Sasmrasarsnsnsnss
E Recomm £ Jeune G. : £ Th . :
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setup : -
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CMS, /|

CMS Experiment at the LHC, CERN
Data recorded: 2023-Sep-26 17:49:16.755456 GMT
2 e Run /Event/ LS: 374288 / 5946329 / 55

UPC: yN and yy collisions
e study gluon nuclear PDFs at low-x
¢ unique source of background-less
jets at the LHC
® unique environment to study SM
and BSM processes

Giulia Negro

Hadronic event

QGP

Diffusion

3\>7 Hadronic collisions: QGP studies

3 e correlations and flow

¢ jet quenching

e quarkonia and open-heavy flavor
production modifications

e EM probes to control nuclear effects

Jet quenching

Color neutron

probe
Quarkonium
, I melting
] \
/
\/‘ - -_\
Y v

Ultra Peripheral Collisions

CMS Experiment at the LHC, CERN
(UPC) ' Data recorded: 2023-Oct-10 05:11:59.492288 GMT
-Pb —> 1//‘= Run / Event / LS: 374925 / 556173951 / 615
Strong
photon
flux

UPC event

4 156th LHCC Open Session



CMS, /|

QGP

Diffusion

\>7 Hadronic collisions: QGP studies

3 e correlations and flow

¢ jet quenching

e quarkonia and open-heavy flavor
production modifications

e EM probes to control nuclear effects

Data recorded: 2023-Sep-26 17:49:16.755456 GMT
Run / Event / LS: 374288 / 5946329 / 55

1 CMS Experiment at the LHC, CERN Hadronic event

Jet quenching

Color neutron

probe
Quarkonium
, I melting
VA __\’
/ v
©) ©) Dimuon reconstruction in UPC events
has good efficiency and resolution
UPC: yN and yy collisions l;':l:a erpheral Col o E zig_ CMS Preliminary -
— 3 E
e study gluon nuclear PDFs at low-x . © 180} '
] rong 4 3
e unique source of background-less Rl S 160
. B 140
jets at the LHC \/\\1\ € 120F
. : o I
® unique environment to study SM o1 100F
and BSM processes 50F
N - & Pb 60
e ) . .1 40F
- Run 3 is crucial for progressing from | 2ok
| .. . T e i G bt
observable to quantitative property, from 05 o e o i e )
phenomena to microscopic structure | My (GeV)

Dimuon invariant mass
Giulia Negro 5 156th LHCC Open Session



CMS, !

'Heavy lon data-taking strategy

Hard Probes

selection using Collecting All Hadronic Collecting All Hadronic
L1+HLT algos interactions + UPC interactions + enhanced UPC
< 2t = >
80k
70k
B0 KRz i e
STO (o A A S USRI AL 3. o cone 1 SN S S S SRR O
: 30k
20k
10k
’ 0 100 200 300 400 500 600 700 800 900 1000

Lumisection

Prescale Changes L1A physics

e For the first time CMS has been run in PbPb collisions at a L1 trigger rate > 50 kHz
(vs 35 kHz in 2018) with less than 8% deadtime

e up to 50 kHz at the beginning of the fill when recording large amounts of Minimum Bias data
e > 60 kHz at the end of the fill when recording UPC

e other physics triggers to catch rare events (high pr jets, muons, etc.)

Giulia Negro 6] 156th LHCC Open Session



® Heavy lon data taking can saturate DAQ transfer rate
out of P5 — data reduction necessary
e New data format RAW’ at HLT validated this year
e processed “approximated” cluster information
to reduce Tracker RAW data size
e RAW’ + HLT compression reduce data size by 54%
¢ no significant effects on physics performance

e DAQ system sustained bandwidth of ~20 GB/s
to disk (vs 8.5 Gb/s in 2018)

e CMS recorded up to 34 kHz of
hadronic PbPb collisions to disk
(vs 8 kHz in 2018)

CPUs used by Tier0 jobs

100K

90K

—y

e Tier-0 and up to 5 Tier-1 sites used to
promptly reconstruct Hl data
¢ Tier-0 backlog of prompt-reco HI data
has cleared in record time
e data available for physics L
analyses in short time

w= CERN Tier-0
== CERNPS

70K

80K

S0K

40K

Running CPU Cores

2023 PbPb Data |,

=2HLT, DAQ, Computing in Heavy lon

=5.36 TeV

1.02

track)R AW

(Ntrack)RAW'

0.98

0.96

AT

f
pi o f
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{
ol ol
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Tier-1 Sites

CERN Tier-0

1njos

I\

Y "\\\ Run-2 HLT Cloud
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st
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CMS, /|

== Data certification

Run 3 (2022+2023) pp collisions 2023 Heavy lon collisions
CMS Integrated Luminosity, pp, v's = 13.6 TeV CMS Integrated Luminosity, PbPb, 2023, /syy = 5.36 TeV
Data included from 2022-07-05 00:13 to 2023-07-16 23:02 UTC Data included from 2023-00-26 1747 to 2023-10-27 28:30 UTC
— 80 T T T T T T T T T T 80 — 2000 T T T T T T T T T T 2000
~ BN LHC Delivered: 73.42 fb ' 7 BN LHC Delivered: 1842.74 ;b !
£ 70 1 CMS Recorded: 67.37 fb 70 S 7 CMS Recorded: 1693.26 ;b !
> CMS Certified for Physics: 62.39 fb ' > CMS Certified: 1492.64 ;b!
= 60 160 = 1500 {11500
o o CMS Preliminary Offline Luminosity
£ Preliminary CMS Offline Luminosity £
E 50 B 7 50 E .
3 40! la0 E 1000 DC efﬁCiency ~ 92(%) 11000
3 8 v
© 30 130 o
o | o
v - . 500} 1500
£ 20¢ (_DC efficiency ~93% ) {20 = =
T 10| 110 5 =
r ° il
h 0 i 1 ! 1 | | | | 1 1 1 1 0 h 0 : J_'_'_'T'_,I_ . : . . L . . L L L L L 0
A Al Al ar At a3 D aB qB B D D 6e® 6e® ce? 0 O O Ot 0 Ot O O 0t O O ot 0
o9 %00 Toc ot e "‘\@o e e s 1"\@; 1'\0(\ o7 207987307 27 BT 67 B 740 2 yh TA6 T4B 790 "9 "o h 96
Date Date (UTC)

e Smooth running of all detectors in both pp and Heavy lon data-taking NB: this plot does not correspond

e . to the whole period of HI data-
e Certified data recorded with all detectors whole period o ata

taking, certification still ongoing

2023 Heavy lon Data Certification (DC):
e DC efficiency in HI similar to pp data-taking
e DC certified/DC processed = 92.36%
e DC certified/Recorded = 88.16%

Giulia Negro 8 156th LHCC Open Session




CMS

'Level-1 Trigger

e All L1T objects have excellent 2023
performance, improving w.r.t. 2022

e Successful commissioning of neural

network-based triggers
® muon prT regression
e anomaly detection

L1 jet efficiency in

2023 for various L1 o=k

18 fb” (2023, 13.6 TeV)

—
N
!

0.8~

Er thresholds vs pr

e Zero Degree Calorimeter (ZDC) trigger
necessary to preserve PbPb Minimum Bias

trigger

e commissioning finalized in time

for physics data-taking
¢ good physics performance
e trigger efficiency > 95%

SNSRI

| EG/Tau: DP-2023-055
Jet/MET: DP-2023-054
{ Muon: DP-2023-057

Giulia Negro

Displaced Muon: DP-2023-056 |

L1 efficiency vs
ZDC energy sum

9

Efficiency

1.2

0.8

0.6

0.4

0.2

CMS Preliminary

0.4

Efficiency
I
!

53 ---»--8-5-&35-&o-o'-'o-oo-oio-oo-oo-o-o-o-o-of«o--e'
. ° : o
° H

7 EN E — AR S— —

7 T A —

H CHE H ;
i .in ! l
.
1 O | lowlagaflo® | 1 | | L1 1] L1

L1 jet p.>40 GeV, In| < 3.0

L1 jet p, > 40 GeV, 3.0< | <5.0
L1 jet P, > 180 GeV, | < 3.0

L1 jet p, > 180 _GeV, 3.0 < Ml <5.0

-s--ga-:g§-|»--|---l---r----

100

150 200 250 300
P, [GeV]

CMS Preliminary

0IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

ZDC 1n Triggered

— 7DC Plus
— 7ZDC Minus

0 1000 2000
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https://cds.cern.ch/record/2868792?ln=en
https://cds.cern.ch/record/2868796?ln=en
https://cds.cern.ch/record/2868794?ln=en
https://cds.cern.ch/record/2868797?ln=en

CMS

‘Tracker

e Strip Tracker
e good detector fraction stable at 96%
¢ updated projections confirm estimates of signal
to noise ratio of 14-18 after 500 fb-1, well above
specification of 10

¢ Pixel detector
e good detector fraction is 96% for BPIX,
98% for FPIX
e BPix lost ~3% due to HW failure in clock
distribution in June
¢ no indications of further issues with clock distribution
¢ radiation effects are closely monitored and proceed
as expected

e Major alignment effort ongoing to provide optimal
conditions after several magnet cycles

e Detectors will be kept cold during YETS

Pixel: cluster  oooke=

SiStrip clusters

«108 13.6 TeV
SRR I
8 CMS
Preliminary 7
7 :
6L 2023 Data B
(inst. lumi.) : 1.4 10** cm2s™" -
50 Ly = 247 fb”! E
Z TOB MPV: 20.8 ]
aF s
500 pm .
3E E
2F -
12_ Y .\;
01—— j. [ R S ! i
0 20 40 60 80 100

Signal-to-noise ratio

On-track Clusters/0.5 ke

charge distribution

Giulia Negro 10

0.08
olo?f
0.053
0.05f

0.04}

0.03f
0.02f

0.01f

Strip: signal to noise ratio

CMS Preliminary (2023) 13.6 TeV

T j Ldt=4691"
Layeé 1HV =400 V

' 'slol ' ~ 50 30
Norm. on-trk clu. charge [ke]
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CMS, |

'Electromagnetic calorimeter

e Good performance of automated laser
transparency updates
¢ transparency changes tracked more
frequently (once per fill for L1T and HLT)

e ECAL calibration campaign ongoing
¢ automation continues to operate well in 2023

e Deployment of new timing calibrations and of
almost all 2023 intercalibration constants
e work ongoing for last period of data-taking

Giulia Negro 156th LHCC Open Session
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e ZDC installed and commissioned very quickly
e integration in CMS L1 trigger crucial to satisfy
requirements of Heavy lon physics program

e Guiding principle for 2023-2024 YETS:
improve consistency and resilience
® automatic correction of misconfigurations
caused by Single Event Upsets
® control software and firmware updates
implementing automatic recovery mechanisms

® Further improvements for the rest of Run 3
e consolidation of hardware components
e improvements to laser system
¢ more automation in operations, calibration,
and detector performance with machine-
learning tools

Giulia Negro 12

Hadronic calorimeter

||
l -..
~!
=

&ﬁiwlp N
¢ ‘>1 >

laser Trlgger Box configured for. &
kuh to fire the pulser card outputs

Oscilloscgpe showmg

T —

HCAL 904 laboratory

Envisioning addition of trigger board to HCAL
Calibration Laser to actively trigger the laser
discharge, reducing its jitter from 100ns to 10ns

156th LHCC Open Session



e Small contribution to CMS downtime and

e Good performance also with 2023 HI data

e GEM operated very well during its first HI run

Global Y (cm)

Global Y (cm)

Muon system

luminosity loss

recHit global X,Y station +1

0°CMS Prefiminary 2023 HI
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e pp 2023 Efficiency 97.02%

- ——— HI 2023 Efficiency 97.20%
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pp data, 2023 (13.6 TeV), HI data, 2023 (13.6 TeV)
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= Precision Proton Spectrometer

e Successful high-luminosity 2023 pp running
e PPS Roman Pots were not inserted during the Heavy lon run, as usual

e No major changes in detector configuration/LHC conditions expected for 2024
e exchange of 2 pixel detector packages to provide added redundancy
¢ finish transition to automated prompt calibrations

e Longer term:
¢ a Roman Pot + cooling test-stand has been
setup to evaluate options for Run 4
¢ a full scale Roman Pot station mockup
including Fully Remote Alignment System
moving tables is being assembled

part of an air-based cooling system
+ 1 horizontal Roman Pot

Giulia Negro 14 156th LHCC Open Session



“=CMS Run 3 detector paper

= Development of the CMS detector for the CERN LHC
Run 3

The CMS Collaboration*

Abstract

Since the initial data taking of the CERN LHC, the CMS experiment has undergone
substantial upgrades and improvements. This paper discusses the CMS detector as it
is configured for the third data-taking period of the CERN LHC, Run 3, which started
in 2022. The entire silicon pixel tracking detector was replaced. A new powering
system for the superconducting solenoid was installed. The electronics of the hadron
calorimeter was upgraded. All the muon electronic systems were upgraded, and new
muon detector stations were added, including a gas electron multiplier detector. The
precision proton spectrometer was upgraded. The dedicated luminosity detectors
and the beam loss monitor were refurbished. Substantial improvements to the trigger,

data acquisition, software, and computing systems were also implemented, including
a new hybrid CPU/GPU farm for the high-level trigger.

Submitted to the Journal of Instrumentation
https.//arxiv.org/abs/2309.05466

¥/ /Iﬂ.‘f.l* T i ¥.
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https://arxiv.org/abs/2309.05466

“AYETS 23-24 activiieS wwcwaren

e Crucial period to advance on major activities

e Consolidate legacy detector systems
e hardware maintenance
e new YE1 support for beam pipe
¢ installation of new forward shielding

e Maintain all major infrastructure to guarantee
smooth end of Run3

¢ magnet controls & cryogenic system maintenance
¢ |aser system relocation
e Control Room migration

¢ Anticipate Phase 2 installations, when possible, to prepare
at best for LS3
e COZ2 piping and infrastructure installation
e new DAQ room, new buildings

New ECAL
Laser Lab =i

Giulia Negro 16 156th LHCC Open Session



== Overview of recent physics results

8 analyses (5 Higgs + 1 SUSY + 1 SMP + 1 TOP) approved since last LHCC, mostly for HIGGS23,
+ 2 technical papers/notes

HIG-22-011 Search for ZZ and ZH production in the four b-jet final state

HIG-23-006 H+HH combination

SUS-23-007 Search for Z* -> h/H A -> 4tau

HIG-18-026 H->2a->4b search in VH with full Run2 data Fow high\ights in the next slides..

Only a i€ Its!
o , , ore resuits:

TOP-22-002 FCNC tHq with SS dileptons see be’re_ form

HIG-22-008 Anomalous Couplings in H->WW

MLG-23-001 Portable Acceleration of CMS Mini-AOD Production with Coprocessors as a Service

HIG-23-007 Search for anomalous Higgs boson couplings in WH— Ivbb production through Vector Boson Scattering

SMP-22-012 Search for Z/H to a J/Psi or Psi' meson and a photon

CMS-NOTE-2023-013 Machine learning techniques for model-independent searches in dijet final states

CMS Preliminary ‘ ‘ 133 fb” (13 TeV) o g CMSI S Imeldialn :::Ls Tlevé CMS Preliminary 138 fb' (13 TeV) & F:,MS 5’”?“’?#‘?’? (?/;elimiqary — (13 "I"evz
g L ot El3 | oboced 20 107 . 1 HIG-22-008 S ontesers MLG-23-001-
I s IE | AP 1\ | ossencs E ool PuaKs onnx
N S —— Zopadscaing 51 qoL HIG-18-026 - g |+ PNAKSTAT e
2 S = ] . Expocted £ jpo| = PN-AKS PT g ¥t ]
5 E [ ] o e T ]
§ 5 § SR P 1
g §' 1_\L 1o1é— .
3 i 2% 1.0

o 15 '?0 B f—j =z 3
R R 7  ©
g — ol b 08k —— o=
§ Q.5 L ] 20 30 40 50 60 -1 _6.3_6.6_0.4_(;.2 _ofoAz o' B.i)z ofz of4 o{e ois 1 Batch Size
“ Integ1?;ted Luminosity [fb™ ] f
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http://cms-results.web.cern.ch/cms-results/public-results/publications/
http://cms-results.web.cern.ch/cms-results/public-results/publications/
http://cms-results.web.cern.ch/cms-results/public-results/publications/
http://cms-results.web.cern.ch/cms-results/public-results/publications/
http://cms-results.web.cern.ch/cms-results/public-results/publications/
http://cms-results.web.cern.ch/cms-results/public-results/publications/
http://cms-results.web.cern.ch/cms-results/public-results/publications/

CMS,/|

= Combination of H measurements and =

searches for HH to constrain A4

¢ 9 single-H analyses and 6 HH analyses combined, overlap removal studied in details

¢ Inclusion of single-H channels improved constraints on Higgs boson trilinear

self-coupling A.;;;; under more general assumptions on the Higgs boson couplings
to fermions and vector bosons

S CMS,Pre,lim{narly , l 13810 (13 TeV) CMS Preiiminary 138 fb™! (13 TeV)
J B i > B T T T T | T T T T I T T T T I T T T T I T T T T I T T T T i
:‘? - Observed — single-H comb., 5.8:'3: =) 3'5:_ Observed — single-H comb. ¢ Best fit value 7]
< [ Kp =Ky =Ky =T —— HH comb., 1.0**° 1 F K= Ke =T — HH comb — 68%CL (1)
o 5| | v s o ] 3.0 ' --- 95% CL (20)
i single-H and HH comb., 3'1-3.6 i E single-H and HH comb. g9 999949 GL (50)
1 25 A :
i 95% CL (20) | C : :
4 N ] - : /:/
I ] 2.0F A e _
3_— = 1.5/ . ///('
: 1-0—___-”__——_-- C/ ____é//
ol _ C I ;——/%____:_——'f, -----
: 05 T i
: T : P :
1 68% CL (1o) | 0.0;_//// ' . -
[ ~0.5F E E .
O [ | \ f . 1 L 1 ) ) | N | " " | i C v v vy I N T N :| PRI I R S T N N R S S T
)5 0 5 10 15 0.8 0.9 1.0 1.1 1.2 1.3 1.4
Profile likelihood scan of k, K, 2D likelihood scan of k, and K, Ky

First combination of single-H and HH channels at CMS ! |

L _ — e
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https://cds.cern.ch/record/2882424

CMS,
HIG-23-007

#~ Search for anomalous Higgs boson couplings =< releasec!
in WH production through Vector Boson Scattering

q

e \W leptonic decay and H decay into bb

e Focus on boost topology: H decay products
are boosted and thus reconstructed as a single
large-cone jet

CMS Preliminary 138 fb~' (13 TeV) !

N 2.0

The interference between these diagrams
generates a term in the cross section that is

1.5

‘0 linear in both the WH (k) and ZH (k) couplings

0.5

e The BSM scenario where Ay, = ky/k, = — 1
is excluded at a CL larger than 99.99%,
with significance beyond 5 o

0.0

-0.5

o All the opposite sign scenarios with ky, and k;,

15 SM expected CMS limit values compatible with the current measurements
Hl > 95% CL (20) obs. > 95% CL (20) exp. . .
B A (5o obs. R = are excluded with a CL higher than 99.99%
280 15 10 05 00 05 10 15 20

Exclusion significance in the ky~k, plane Kw
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CMS /|
SMP-22-012

== Search for Z/H — J/W(W')y s

LO Feynman diagrams of Z and H rare decays
through direct and indirect processes

123 fb™' (13 TeV)

®* No evidence for branching fractions = CMS =
)} 3| 1
to these rare decay channels larger < 10 3; Preliminary - 1<
than predicted in the SM is observed ? - !
N[ 1<
m B |

¢ [nterpretation of results to constrain 10

ratio of Higgs boson coupling

[ IIIIII|
(- Illllll

modifiers x,/k,
e observed interval at 95% C.L.: 10°°

95% CL limit
K‘C/Ky e (-157, +199) upper limits

- Observed
------ Expected
—— P = 1 std. dev.

- + 2 std. dev.

Z - W(1S)y Z — W(2S)y H — W(1S)y H — w(2S)y

1 | lllllll

10°°

I IIIII|
llllll

. Significant improvements i
w.r.t. 2016 analysis ,‘

s

Exclusion limits on the branching fraction
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e Events containing a pair of leptons with the same-sign electric

TOP-22-002

Flavour Changing Neutral Currents in tHQ

charge and at least one jet are considered

e Observed (expected) 95% CL upper limits on branching ratio:
e 0.072% (0.059%) for B (t — Hu)
e 0.043% (0.062%) for B(t — Hc)

e Constraints on anomalous coupling
strengths also derived

0.15EMS Preliminary

138 fb™' (13 TeV)
| T T T T

KHct

0.05

0.1~

L
0.05

95% CL Upper Limits |
Observed |

............ Median Expected |

-=10 7

+ 20

0.1 0.15
KHut

0.15 EMS Preliminary 138 fb”" (13 TeV)
—_\. T T T T | T T T T | T T T T
X
:‘: 95% CL Upper Limits ]
£ Observed |
t - Median Expected |
o 01 W .
g + 20 1
(o)
=
=
&)
& 0.05 i
oM

1 I 1 1 1 1

0.05 0.1 0.15

Branching Ratio (t — Hu) (%)

Giulia Negro

| Result of combination constitutes
the best exclusmn limits to date 1

—

t 9
g
u/c
u/c AN g
H \\\\

CMS Preliminary 138 fb™ (13 TeV)

N R L B B B IO B
i

IIIIIIIII

H— vy

------------- 95% CL Expected Limit

— 95% CL Observed Limit
AN T T T T T ) IO A

H— bb t—cH

H— vy

W 410 Exp. Limit

+20 Exp. limit
I T I I

0 0.1 0.2

Branching Ratio (%)

0.3 0.4
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http://cds.cern.ch/record/2872677

CMS,/|

| Machine learning techniques for

TeV

~

o CMS Simuiation Preliminary
LN I L R B B B

(13

Inclusive: X — YY, 6=24 fb

—¢— Simulated Pseudodata

= signal + Background Fit

—— Signal
—— Background

Prob = 0.667

x2/ndf = 27.11/31 = 0.87

IIHHIIl IIHI.IJJJ IIIIHII| III|LI.IJJ L

2000

3000

4000 5000 6000

Dijet invariant mass (GeV)

CMS-NOTE-2023-013

model-independent searches in dijet final states

~

Events / 100 GeV
%3 3 3 3 3

-
o

, CMS simuiation Preliminary

(13 TeV
| T \ L IR

TNT: X - YY, 0=24 fb

—4— Simulated Pseudodata
== Signal + Background Fit
—— Signal

—— Background

x2/ndf = 16.36/24 = 0.68
Prob = 0.875

IIHHIIl IIHI.IJJJ IIIIHIIl IIIILLIJ.‘ L

Sy
111\11111

Data-Fit
IUnc.
APpONE =

2000

3000 2000 5000
Dijet invariant mass (GeV)

¢ [Investigated 5 unsupervised and E:OG
semisupervised approaches to jet tagging = o
e The aim is at pre-selecting a subset of dijet ‘z:
events with anomalous jet substructure and "
run a bump hunt, after removing overwhelming :
QCD background :g
e Different approaches improve over
inclusive dijet search
¢ Different sensitivity to different models
(complementarity of approaches)
¢ Analysis applying these methods to data is ongoing
¢ Dedicated data-driven method to measure
efficiency for specific signal will be
documented in dedicated paper
l TNTi: Tag and Train
Giulia Negro \‘: VAE-QR: Particle-based Variational Autoencoder 20

p-value

1073}

10-5

1077

10-°

10~

CMS Simulation Prelim
L e

inary

_><__

X =YY (YN - qq)
-#- VAE-QR
-4+ CWola Hunting

\

| —e— TNT
-+ CATHODE

QUAK: General

T21 < 0.4 & mgp > 50 GeV
T32< 0.65 & mgp > 50 GeV
- Inclusive

10

15

A T |
20 25
Cross Section (fb)
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http://cds.cern.ch/record/2881089

The CMS Phase 2 Upgrade

L1-Trigger DAQ & High-Level Trigger Barrel Calorimeters ”E'I\"I'I"Sm
{ https://cds.cern.ch/record/2714892 — https://cds.cern.ch/record/2759072 https://cds.cern.ch/record/2283187 [/ x|
* Tracks in L1-Trigger at 40 MHz %I * Full optical readout * ECAL crystal granularity readoutat ff Y

* Particle Flow selection
§ * 750 kHz L1 output
* 40 MHz data scouting

* Heterogenous architecture 40 MHz with precise timing fore/y at ‘ 29 )
| * 60 TB/s event network 30 GeV | AN
* 7.5 kHz HLT output * ECAL and HCAL new Back-End boards = cuis griel Caiorimeters

al Design Report

Muon systems e — =
https://cds.cern.ch/record/2283189 |
* DT & CSC new FE/BE readout 7 -
* RPC back-end electronics ‘
* New GEM/RPC1.6<n<2.4

* Extended coverage ton =3 ——

' = Calorimeter Endcap
$ 88} https://cds.cern.ch/record/2293646

I = * 3D showers and precise timing

o ficpBisinas o 6 Scint+SiPM in Pb/W-SS

o Beam Radiation Instr. and Luminositygm
MIP Timing Detector http://cds.cern.ch/record/2759074

https://cds.cern.ch/record/2667167 . gaam abort & timing
Precision timing with: * Beam-induced background

* Bunch-by-bunch luminosity:

: * Endcap layer: 1% offline, 2% online

A M Timing Detector Low Gain Avalanche Diodes  Neutron and mixed-field radiation
monitors

Tracker
https://cds.cern.ch/record/2272264

: 5‘» * Si-Strip and Pixels increased granularity
1 * Design for tracking in L1-Trigger

| * Extended coverage ton = 3.8

* Barrel layer: Crystals + SiPMs

23


https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2759072
https://cds.cern.ch/record/2283187
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2283189
https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://cds.cern.ch/record/2667167
http://cds.cern.ch/record/2759074

cMmS/ |

“ZThe CMS Phase 2 Upgrade

© ﬂ‘“u_ -

LS “ - 18 | WeTrRoc2 TID
Omo - W[ — testing

Nnmctmngxhy

2% 2S and PS modules integration

HGCAL
engine
wagon

ECAL Enf /' N = ' — : | ~ 2 design B
nfourneur - /A T AN : Valldatlon

f

el | test on TEDD Dee prototype
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<=~ Phase 2 Highlights in a nutshell

e Tracker

e OT: excellent integration test (endcap, ladders)

e OT: hybrid kickoff batch evaluated - all basic parameters, like
noise excellent

e OT: MaPSA pre-production started - two companies

e |T: succesfully passed EDR

e |T: final RD53 ASIC v12 - submitted

e |T sensors: planar received; 3D ordered; Bump Bonding
tender closed

IT Module

IT Inner Tracker aka Pixels; OT Outer Tracker

\; EDR Engineering Design Review — LHCC Step-ll|

{‘ MaPSA MacroPixel Sub-Assembly aka result of bump bonding
Giulia Negro MTD MIP Timing Detector 25 156th LHCC Open Session
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= Phase 2 Highlights in a nutshell

e Tracker

e OT: excellent integration test (endcap, ladders)

e OT: hybrid kickoff batch evaluated - all basic parameters, like
noise excellent

e OT: MaPSA pre-production started - two companies

e |T: succesfully passed EDR

e |T: final RD53 ASIC v12 - submitted

e |T sensors: planar received; 3D ordered; Bump Bonding
tender closed

e MTD
e Barrel: successful EDR - ready for production; TDR timing
resolution recovered - excellent
e Endcap: successful Test beam of LGADs bump-bonded to
ASIC - noise looks good
e FE- ASIC (ETROC2) last prototype - full size, full
functionality ASIC - looks good

e Level-1 Trigger

e New SAMTEC Firefly12 optics received - looks good so far
but further testing necessary

IT Inner Tracker aka Pixels; OT Outer Tracker

u EDR Engineering Design Review — LHCC Step-ll|

}ﬂ MaPSA MacroPixel Sub-Assembly aka result of bump bonding - '
Giulia Negro MTD MIP Timing Detector 26 L1T boards
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e HGCAL

Phase 2 Highlights in a nutshell

Absorber # 11 (dis-assembled) Absorber # 12 (completed)

Final layout optimisations finished improving S/N after radiation .
ESR successfully passed Absorber # 16 & 17 (in-process)
Silicon Sensors: low density - high quality; :
high density and ‘partials’ ordered

HGCAL
Final FE-ASIC (HGROC) received but without BumpBonding absorber
balls - back to the company e e oy i B e T
Final concentrator ECON ASICs on track to be submitted

these days
Scintillator production started - machined/cast and moulded
Successful beam tests with full vertical Trigger and DAQ

HGCAL partial
sensors

' FBCM: Fast Beam Condition Monitor

Giulia Negro 'E ESR EIectronic System Review — LHCC Step-lil 27 156th LHCC Open Session
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=4 Phase 2 Highlights in a nutshell

e HGCAL
¢ Final layout optimisations finished improving S/N after radiation
e ESR successfully passed
e Silicon Sensors: low density - high quality;
high density and ‘partials’ ordered

HGCAL
e Final FE-ASIC (HGROC) received but without BumpBonding absorber
balls - back to the company e e oy i B g ey
e Final concentrator ECON ASICs on track to be submitted

these days
e Scintillator production started - machined/cast and moulded
e Successful beam tests with full vertical Trigger and DAQ

e BRIL (Beam Radiation Instrumentation Luminosity)
e FBCM FE-ASIC (1st prototype) received - so far, all tests
look good
e Adapted Neutron Monitor strategy: Tetra Ball

HGCAL partial
sensors

1 Sphere .
FBCM i | —6radi o
¢ MUOnS Polyethylene :
e GEM MEDO foils - production started spherSggsicm sages Wous
Qo
o

6Li coated SiC sensors g
and bare SiC sensors

e Barrel CALO, DAQ progressing smoothly

Tetra Ball

BCAL Enfourneur:
installation platform

' FBCM: Fast Beam Condition Monitor
Giulia Negro 'E ESR EIectronic System Review — LHCC Step-lII 28
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CMS Experiment at the LHC, CERN
Data recorded: 2023-Sep-26 17:49:16.755456 GMT
P Run / Event/ LS: 374288 / 5946329 / 55

= Summary

e Stable CMS operations during 2023 pp and Heavy lon data taking

e End of run was smooth, no major incidents on infrastructure
® | ots of work now ongoing during YETS to advance on major activities

® Alot of interesting physics analyses and technical results approved

CMS-PAS-HIN-23-007
e Heavy lon performance looks good
e have a look at the LHCC posters session! TE T oo coemha oanen T o
| ®WCMS m CMS pPb CMS .. i
6 — AALICE A ALICE pPb ALICE Pre/’m’n,,a’ry —
. . ) | eCDF O ATLAS dAu PHOBOS i
e First Hl analysis at a record VsNN (using 2022 data) o [ TUe  veRaws pamel ( E E
ug O ¢ UA1 4 PHENIX V¥ pPb E178 . ]
e charged particle dN/dn in PbPb at 5.36 TeV g“ 4;_:,,3(;;1% AT ¥ E
%o E : iﬁlgE % NA50 - (X S0:158 E
\: I v UA5 (z} i
e CMS Phase 2 Upgrade work proceeding well 7} 3| ¢ prosos S e ]
= O ® ISR NN T
1= Bt ge .
L;,;v"‘——ft"/' ’
0:III\ | 1 IIIIII| I 1 IIII\I| | IIIIIII| :
10 10° 10° 10*
Vs\y (GeV)

.. in Jan/Feb 24 CERN courier !
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-007/index.html

Giulia Negro

Thanks to LHC
for outstanding efforts in delivering

Run 3 proton-proton and Heavy lon data!
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BACKUP
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CMS

'Offline software & Computing

e Data Taking Experience of the HI Run:

Heavy lon trigger designed to max out the DAQ
bandwidth, backlog correlates with integrated lumi N jN

no backlog for processes that have to finish within RV Y

48 hours
Tier-0 backlog of prompt-reco of the HI data has
cleared in record time, a big success

Tier-0 processes were run at several Tier-1 sites at
scale and the Run-2 HLT Cloud at P5

excellent performance of the distributed computing
infrastructure, sites, and our operations teams!

Tier-1 Sites

Run-2 HLT Cloud

Running CPU Cores

CERN Tier-0

e Heavy lon group requested a re-reconstruction of
the UPC events (about 30% of the total events and “eon” s

5% of the total by volume) s0000F o T T T T T T

® Increments in resource needs during LS3 expected
to be relatively modest
¢ final 2025 resource request finalized in early 2024

. CMS Public

t Total CPU
} 2022 Estimates
40000 -—= NoRr&D improvements
-8~ Weighted probable scenario
w= o 100 20% annual reseurce increase

goal is to greatly improve the low-pt reconstruction
efficiencies of tracks and egamma objects

N w
o o
o (=
o o
o o
T T

—
—_————

Total CPU[kHS06-years]

’-——_-‘_

.l | | 1 | | | 1 | I | | 1 1 | 1 1 L
2021 2023 2025 2027 2029 2031 2033 2035 2037
Year
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Data reduction - RAW’

e Heavy lon physics program limited by amount of DAQ data that can be transferred out of P5
¢ R&D to minimize the size of the RAW so that more events can be collected is necessary
e Strip tracker RAW data (~65% of PbPb event size) replaced with RAW’, processed “approximated”

clusters information
e RAW’ in HLT validated and deployed this year

e Tracking good enough for HI analysis - promising approach for Run 3 strip detectors
e Reduces the size of the RAW by 40% and lossless compression can be applied on top of this

approximation

Tracks obtained with RAW and RAW’ cluster format

PbPb |5,y = 5.36 TeV

11
i CMS preliminary

1.05 |-

[

RAW/RAW

1 *H—h% .

095

0.9

10 10°

1
track p_ [Ge\}/(():]

track ¢

PbPb Sy = 5.36 TeV

track n

Caption: Ratios of tracks’ pr (left), and n-¢ (right) on the same event collection with

RAW and RAW' data format. An agreement better than 2% between RAW and RAW’
is observed throughout a wide pr range.

Giulia Negro

RAW (Run 2) RAW’ (Run 3)
o 4
=
-,
O
&}
)
()]
<
strip index
SST cluster format RAW RAW’
o g ADC counts Approximated cluster
Stored content Strip index (8-bit int) Soartias
First strip 123 75 * Barycenter = 125.5
22 2 (10-bit int)
(1 6-blt lﬂt) (We store :‘01 barycenter as int) [EVGI‘It-bBSiS]
124 103 . 5‘1: "5 FED modules &
(6-bit int)
Example stored 125 127 « Average charge = 100 readout error
tracker data ] e (8-bit int) info
: ‘ x| 126 94 « Cluster shape:
127 161 (1-bit Boolean)
; * Saturated strip
_ 128 42 * Peak filter _
i 10 + 6 + 8 + 1*2 = 26 bits
Example total bits 16 + 8% = 64 bits i

per cluster

+ smaller FED error contribution

33
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= Anomaly detection with ML at L1

CMS Prellm/nary 2023 136TeV

"‘é) I — HLS Emulatlon ]
§ 1067 | OKera_sS |

* Active development of machine learning based anomaly At - soweazs :
. - 105:_ : score = 25 E
detection triggers at L1 L - score = 1250 5 ]
e AXOL1TL: DP-2023-079 L AL -

e Combines L1 objects (muons, EG, jets, MET) from uyGT 10 "
e Successfully running in uGT in 2023 o |

10°F | 1 1 5 E

o CICADA: DP-2023-086 h iy

. . . | : LLI _
e CNN auto encoder with calo Er deposits as inputs T U :
L RO = D
0 250 500 750 1000 1250 _ 1500
CMS Preliminary 2023 (13.6 TeV) AXOL1TL Score
g 10¢ i RunB, 5 kHz Threshold: 10.60 Anomaly SCOI’e dIStrlbUt'ons
% % RunC, 5 kHz Threshold: 10.89 CMS Preliminary 0.467 b1, 2023 (13‘6‘ TeV)
« 10° = RunD, 5 kHz Threshold: 11.57 i |
= 2
— 3]
10?2 = @ 408
10 =
= 104
1 = ‘
A - \\\‘\\. — L1 Physics Rate — AXOLI1TL Score > 250
10 E— \V"’\.\_‘“‘ 102 AXOL1TL Score > 5 —— AXOL1TL Score » 1250 |
E d\"‘:_::;c:_' —— AXOL1TL Score > 25 —— Single Muon Trigger
1072 = -\.'E—':,E.
- = e i
1073 E 1 10° NMMWWW
L | 1 1 I | 1 1 | I 1 1 L 1 l 1 1 I | L 1 1 | | 1 1
0 10 20 30 40 50
CICADA score 23:00 50:00 01:00 02:00 03:00 04:00 05:00 06:00
Rate from efficiencies obtained o o _  Time [UTC]
using scores as a threshold Test crate rate monitoring time series
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https://cds.cern.ch/record/2876546
https://cds.cern.ch/record/2879816

CMS

ECAL Laser Lab Relocation

¢ |nstallation of the CO2 cooling plant for HL-LHC requires relocation of the ECAL laser lab
¢ |aser system is essential to precisely monitor radiation damage that affects crystal transparency

e | egacy lasers moved from old to new laser lab early November
¢ |aser recommissioning going on smoothly
¢ aiming to give green light for removal of old laser lab by end of November

e New, more powerful green laser, is required to compensate for further radiation-induced
transparency loss and increased attenuation from the relocation
¢ continue commissioning of new green laser in February 2024
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Data/z Bkg.

\ Search for the decay of H to a pair of light

pseudoscalar bosons in the bbbb final state

HIG-18-026

e Making use of the W and Z associated Higgs boson production to suppress the backgrounds

10

\\

F A
ZH production

138 fb™ (13 TeV)

£ L L DL L B B

2 I cms .

g [ Pemnay e-Data [ |Syst+Stat [ Otherbkgs -

31035_ it +ob [tt+ce =

- [ ]t + light === ZHY®®V(x100) - ZH?®*V(x100) 1

10°E =

02 01 0 01 02 03
BDT score (4b, =4j)

Events / bin

Data/Z Bkg.

WH production
138 fb™ (13 TeV)
T T T T I T T T T l T T T T l T T T T l T T T T | T T T T | T |:
- g:zsmy -e—Data []Syst + Stat. [ Other bkgs -
10°E [l QcD [z-1 W=
= [ tt + bb [t +cc [Ctt+light 3
B «see WH®®Y (x100) e WHZ®Y (x100) ]
103 = =
10? =

10

-1

2 ; T i

1f——t CITTTET t

8 ]
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

BDT score (4b, 4j)

e The first search in this channel from CMS
e ATLAS results were based on 2016-only data

Giulia Negro
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CMS,/|

/— Search for ZZ and ZH production in the four

b-jet final state

HIG-22-011

e Several novel techniques for deriving and validating the data-driven background model for
the HH—Dbbbb search: synthetic data sets from the hemisphere-mixing technique

CMS Prellmlnary

133 fo' (13 TeV)

c  ErrrrrrrrrooTTT N DA A RS AN T
é 0 Fourtag data
a . [ Multijet model
c 10 ot
g —— Mixed model
L
10°

10?

10

T _l'rmli]‘ Illll'ml IIIImTl IIIIIﬂTI TTTIT

% T{m'_lllluﬂl IIIIJLI,I,I II]II|,|,[I [I]II|,|,|| Il

Data/Model

- 1 data/multijet | data/mixed

0 041 02

P,(signal)

CMS Prellmlnary

133 fbo (13 TeV)

||||||||||||

B A I I RS IV T
0 Four- tag data

[ Multijet model

—— Mixed model

Events/bin

I[IlllIII|IIII|IIII|IIII|1

]‘TTTL

-

{ data/multuet + data/mlxed

Data/Model

09 1

P, (signal)

e Both the extrapolation uncertainty and variance of the

background model is measured with a precision better

than the statistical uncertainties of the four-tag data

Giulia Negro

Exclusion Limit (95% CL) on o/o,,

—_
(6]

Ratio to Expected
o
o -

—

CMS Preliminary 133 fb" (13 TeV)
T |l |l T T T T T I 1
| - HH current uncertainties _|
, ——— HH expected scaling
T e HH Naive 1/VL —

--------- HH no bkg. uncertainty
——— ZZ expected scaling
ZH expected scaling

'~
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10°
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CMS,/ |

| Search for the production of two additional

f !

e Six 777 final states, accounting for ~87% of the branching fraction

Higgs bosons from an off-shell Z boson

e No deviation from Standard Model background is observed

CIVIS Preliminary 138 fb™' (13 TeV)
o 2000
g
© 1800F Pﬁ ® Observation
> C e )
L 1600 Dzﬂet—»th
E . Genuine T,
1400 3 . Other
1200 a [ Bkg. unc.
1000 — H(200)A(160)
600 |
400}

Obs/Exp

200F

Events

40

30

20

C IS Preliminary

138 fb™' (13 TeV)

et T, T,
uTT T,

T ThTh

eet,t, SS Leptons

put, v, SS Leptons

eut, v, SS Leptons

ept,t, OS Leptons

® Observation
D =1jet - T
. Genuine T,
- Other
: Bkg. unc.
= H(200)A(160)

@ 0.01 pb

|
|
|

1@

|

Giulia Negro

These I|m|ts rule out the Type X 2HDM model as an
| explanatlon for the muon anomalous magnetlc moment

tang

q neutral pseudo scala T+
T_
7.+

h/H >
q T

Type X 2HDM Alignment Scenario

neutral scalar Higgs boson

138 fb™' (13 TeV)

95% CL excluded:
CMS [_] Observed I 68% expected
Preliminary - Expected 95% expected
[ ]HiggsTools-1
95% CL allowed:
m, = 200 GeV [ ] Muon g-2: Phys. Rev. D 104, 095008
T T T I I I I I I I I I T _]
180 F- p=
- a7
160 =
140 =
120 =
100 E
- o I
= D
[ = 7

100

120 160

140
m, (GeV)
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Angular analysis of H—-WW decays
via matrix element method

Studied different production
mechanisms

Probed fraction of anomalous
couplings on top of SM matrix
element contribution

Result translated in bounds on Wilson
coefficients in Warsaw basis

Coupling Observed Expected
CH 076555 0075
CHD 01253 00555
CEw 0.08%g  0.0%0%
CHWB 01737  0.0%55
CHB 0.03%0%  0.0%py
caw 026755 00755
CHWB 054155 0.0075
Chip 0.08%75  0.0%55

Giulia Negro
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CMS Preliminary
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'Anomalous Couplings in H=WW
=
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e —
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L [ NI I T
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http://cds.cern.ch/record/2871687

~~ Portable Acceleration of CMS Mini-AOD
Production with Coprocessors as a Service

CMS Simulation Preliminary (13 TeV)
- ' roor T ! oo

e Technical paper on using server for Machine learning 10% 82 (T;SL'Ja T E
inference when producing MiniAOD 104k PN-AKBONNX '
- —+— PN-AK8 TRT ek

e shows how to run ML on accelerators (e.g. GPUs)
even at CPU-only sites, by running inference
through network

¢ shows how to run ML inference locally by using a
central server accessed asynchronously o ¢

* PAS presented at FastML workshop in London o2

¢ publication planned on CSBS (CWR just started) z ©

Avg. Proc. Time [ms]

—_ Sr——. T

100 | 107 102
Batch Size
.CMSPf'ehmlnarY --------------------------- gRPC connection F T T T PP T e T e T e EP LT LT L LT LT
gCMSSW : Al Inference Cluster Server :
P . acquire) (CPU/GPU/IPU/etc) (LocallRemote) :
:Client | Client CPU > :
: - / Send inputs Triton Inference Server
Client CPU
’ : Load Balancer Triton Inference Server Model
r ) produce()
Client CPU :
. - o Receive outputs

Triton Inference Server

| Clientcru |

' Repository
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