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The collaboration

e Engaged in several challenges

for present and future:

> Run 3 operations, analysis of available data sets,
preparation for HL-LHC
> Analyses covering a wide range of topics

A thriving community

e 6300 persons including
2200 physicists & 2600 students

o 247 institutes from 57 countries and regions,
and continuing to welcome new ones!
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Detector performance in Run 3

" Compact Muon Solenoid

Stability and excellent calibration results for jets @ high level trigger (HLT) and offline

CMS Preliminary 352 fo™' (2022), 27.2 fo~' (2023), 13.6 TeV " CMS Preli{ninaty | 61 .6| b '(13.6 'll'eV) 5 Run2 (59.8 fb™' - 13 TeV) + Run3 (9.4 fb™' - 13.6 TeV)
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+ Run2022 § ; : 23263 § é 1 _i | | | | | | | I_II | | | | | | | | | | | Iu_lu | | | | | I_

- a un2023 - : - 0 1 2 3 4 5
0.0~ — L L —1 | N I N T NN R TR N NN N SR RN | ]et
0 250 500 750 1000 1250 1500 107 5.2 Yl 05 08 1 -l

Leading offline AK8 jet pt [GeV] Neutral Hadron Fraction
Stability of HLT jet mass Stability of jet properties in Run 3 Excellent description of jet energy

selection in Run 3 w.r.t. year and detector conditions resolution in 2023 prompt reconstruction
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http://cds.cern.ch/record/2884702?ln=en
https://cds.cern.ch/record/2899451?ln=en

Detector performance in Run 3

/,//'///Compact Muon Solenoid

Some offline performance examples for leptons and b-tagging in 2023

 Well produced in simulation, excellent stability over data taking periods

Efficiency

9.5 (13.6 TeV)

1.1
. CMS ,
- Prediminary Medium muon ID / TrackerMuons
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Efficiency of muon identification
in data and simulation

CMS Prellm/nary 9 52 fb (2023, 13.6 TeV)
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Impact parameter significance
in 3D for electron tracks in
data and simulation
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CMS Preliminary 61.7 fb~! (13.6 TeV)
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Stability of ParticleNet
b-tag scores w.r.t. years and
data taking periods
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http://cds.cern.ch/record/2898462?ln=en
http://cds.cern.ch/record/2882249?ln=en
http://cds.cern.ch/record/2898463?ln=en

More data for physics with PbPb !

—_—

CMS Preliminary 2023 PbPb (5.36 TeV)
I | I | I | I | [ | | I | I I | I I [ | [ I | I I I | | |

------ ZDC Plus 1n, u: 2478.37 GeV,o: 624.44 GeV

------ ZDC Minus 1n, u: 2634.73 GeV,o0: 810.72 GeV

----ZDC Plus 2n, u: 4655.20 GeV,o: 1405.85 GeV

- --- ZDC Minus 2n, u: 5195.58 GeV,o: 1373.81 GeV

P ZDC Plus 3n, u: 7026.83 GeV,o: 1815.64 GeV

- ZDC Minus 3n, u: 7764.20 GeVo: 991.46 GeV

—— ZDC Plus Combined Fit

—— ZDC Minus Combined Fit

ZDC

Major improvements for the long-awaited
first heavy-ion physics run since 2018

10°

Events/ 100 GeV

First use of the zero-degree
calorimeter (ZDC) @ L1 trigger

- essential for a clean MB

sample and efficient selection
of UPCs

 Maximize yield of events with high-pt probes, minimum  «
bias (MB), and ultra-peripheral (UPC) events

* For the first time in PbPb collisions,
CMS operated at an level-1 (L1) trigger rate of ~50kHz

. I Run 2 (2018)
o N R un 3 (2023)

Run 2 (2018
PC S Fun 3 (2023)

# events / billion

Zero Bias
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Collected a total of 10 billion UPC events 50kHz
and almost all MB hadronic events :
Rates in a typical 2023
Adapt to limits at DAQ and computing level: PbPb fill
- Reduced raw data format @ almost identical
reconstruction performance and stronger v —p—
loss-less compression @ HLT " Hardprobes+ . AIMBhadonict . g S IETORET
- Event size reduction b factor -9 prescaled MB increased rate of UPC  misection
Ve y Prescale Changes L1A physics
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Intermezzo: Preparing for 2024 and Beyond

Compact Muon Solenoid

,,/‘/

Demonstrators for new GEM and iRPC muon chambers
for improved coverage of the forward regions

Activities in the technical stop TS '23/'24

e Standard maintenance and continued

preparation in view of the next long
shutdown (LS3) and CMS Phase 2

T

I

|

First new shielding for reduced
— | background ( Phase 2 version )

R L)
\’ s % i

And, important for all our

shifters and experts:
e CMS is now operated from
a new control room!

Central shift area

CMS Status and Overview W. Adam




A first glimpse of 2024 conditions

Stable running

CMS = 2010,7TeV, 452p|9 1

e With typical L1 trigger rates of 105kHz at the ! — il S
start of the fill with pileup levels beyond 60 o1 9T oo
e Collected 93% of the delivered luminosity

e 2017, 13 TeV, 49.8 fb™
sol = 2018, 13 TeV, 67.9 fb™"
— 2022, 13.6 TeV, 41.5 fo~!
e 2023, 13.6 TeV, 31.9 fby
— 2024, 13.6 TeV, 22.0 ff"

Total integrated luminosity (fo™)

After the commissioning period:
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From detector performance to physics potential

Trigger strategies for Run 3
e Complementary approaches to support all physics cases within available resources
e Continuous development: new systems at L1 and improved GPU use at the HLT

"Parked” data (reconstruction can be delayed)

LEVEL-1 TRIGGER  HIGH LEVEL TRIGGER » Enhanced potential in key areas, e.g. for VBF processes
PARKING .
| gt M b roo0 evensecond and soft lepton signatures
. (o R o i*.: 53075 **%" delayed availability for analysis .
SN f" "ra" eventsfsecon . ” ” ” > NOW mteg ral Pa rt of our program
.- Koky? f.,.- 43 .22 NORMAL o -
LA e Data with guaranteed prompt reconstruction

~ Consistent, stable set of triggers with high-pT objects
N SCOUTING

Qoo ' Scouting” using HLT objects

normal availability for analysis

CMS DETECTOR » Expanding number of use cases and improved

records 40 000 000 times/second

integration in our analysis environment
"Scouting” at L1

> New HW in 2024 for true zero-bias selection (all bunch crossings)
p—_— > Improvements in ease of use for analysis -> moving to production mode

on: June CMS Status and Overview W. Adam 8
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From detector performance to physics potential

History of rates for

: Examples of improved performance
different data streams P 2 P

30 _CMS HLT rates and instantaneous luminosity averaged over one fill of a given data-taking year _ CMS Preliminary 2022, 2023 & 2024BCD (13.6 TeV _ CMS Pr?llmlnary _ 27 fP—1I, 2102]:3 (1131.61TGIV)
= - R T B L BB L I AL R ENL L AN B HE A A
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0E i i a a a i - i = 2023 .
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e — : . c ] é HLT b-tag selection: . I )
= | S 0.4f ) — g -

lé_c" 3E- Park':"g 5 }+ | = 2 b-tag AK4 jets with p_> 30 GeV g _ ﬂ

i 2;_ 0 2:+_ _____________ mean online PNet b-tag score > 0.55 (2023,2024), ] 0.4} * ) -
JE- . . - and 0.65 (2022) - i . ﬁ
OE oL | | | | | ]

— 2F : : : : : : 8 2 ! ! ! ! ! I E 0.2 .

N; 155_ % Instahtaneous Luminosity //// Cg\' -+- Scouting
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Gain in acceptance with a looser Lower threshold for large-
Rates for typical fills ParticleNet b-trigger in '23 & ’24 radius jets with scouting

arXiv:2403.16134
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-23-007/
http://cds.cern.ch/record/2881092?ln=en
http://cds.cern.ch/record/2875709?ln=en

From detector performance to physics potential

. . CMS Preliminar 2023 (13.6 TeV

Reconstruction quality oo D R e SLC AL
. g - —I+ —— HLS Emulation :

in 2024 for dimuon scouting Anomaly detection at L1 Zot | dreree E

3} ; - - score =25 1

O B :l : . - 250 i |

o CMS Preliminary 3.1 b7 (13.6 TeV, 2024) TWO algorlthms are Implemented 105§ } ? ZZZ::;;O i

> - E « e - b g - - ]
g E Events with two matched muons, AR, > 0.2 and pi>3GeV Doff > AXO L1 TL: Va rlatIOnaI a uto enCOder 104 | l I

P - Jw line 3 LR~ f 3

£ 10° | : : : 2 T ' ]
- e scoutng using input objects to global L1 S |

— SL- & i : —

10 5 Acti . 10 = | .5 r :
- ctive In | | Ty |

. EXAXOLITL o
E data taking L l j

102 1A 10 | | {]L i E

- |y Probabitistic || [ [l | | Probabilistic | ], Wi t —

' Encoder i Decoder ' 1005_ : ; , L =

% 2F | | | LI - 30 500 750 1000 1250 1500

5 C A M A LA e MASIA AL L B AXOL1TL Score

5 ost T T AXOL1TLRate | 1kHz | 5kHz | 10kHz |

m,,. [GeV] » CICADA: convolutional NN Signal Efficiency Gain 46% 100% 133%

auto-encoder using low-level

, , , AXOL1TL scores and efficiency
spectrum with offline calorimeter information gains vs standard L1 menu.

Comparison of the dimuon mass

reconstructed quantities Signal: H—-XX(156GeV)—bbbb

In commissioning
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http://cds.cern.ch/record/2876546?ln=en

Publications

20T .. B2G:83  -e- HIG:188 Run 2 review pPapers

-®- BPH:73 -®- HIN:136 . . . .

[ e Completed submission of seven comprehensive review-style
2007 _o- DET52  -@- SMP:182

o EXOaa1 e <US.140 papers based on the full Run 2 data set

~-®- FSQ:45 —®- TOP:152

150 - e Topics cover searches for new phenomena, standard model

1294 publications and
submissions on
collision data

measurements, and high-density QCD

100 -

50 - o 2
oF * I ER o
N ((-‘é quar;l\'(mcmuﬁ g, ? o
S L A - | g 3 sig
date \< paer“ C 2
o) Q.= performed
Record publication rates hlggsm O3 standar d
: —~ 58 g 0B
in the last year eptons m% e B
: : : : 3 <
O .,: -+
Still driven b}/ innovative g om . model
and challenging uses of the background £F %Q—- = Corrcspondmg
large data set of Run 2 measurement 37 < ™
\<’—,

* But Run 3 sample will soon

become competitive Keywords extracted from CMS

abstracts since LHCP2023
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Publications

20T .. B2G:83  -e- HIG:188 Run 2 review pPapers

~®- BPH:73 -®- HIN:136

e Completed submission of seven comprehensive review-style

500 - -®- CAT:1 -®- MLG:1
-®- DET:52 -®~- SMP:182
o Exooa1  —e- U140 papers based on the full Run 2 data set
-®- FSQ:45 -~®- TOP:152

e Topics cover searches for new phenomena, standard model
measurements, and high-density QCD

150
1294 publications and
submissions on

100 -
collision data

50 - o g‘
% uarl(m ntjm g %~
0- 'S : @D 7
3O 1 01‘0 ,LQ'Z:L ,Lg'lo‘ m =
20 20 o) -
date k< palr ;—3 : 1
OE Q.= performed
Record publication rates hi Sm O3 standard
. &D — 5 =
in the last year eplons D ® 22§ &
- w
o Still driven b}/ innovative g OF - model
and challenging uses of the background £F S Q. gming
5 -t A
large data set of Run 2 measurement 3 5 ™

* But Run 3 sample will soon

become competitive Keywords extracted from CMS

abstracts since LHCP2023
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Multiplicity dependence of Y(2S) /J/y cross sections in pPb

Ratio of y/(2S) and J/y production cross sections in pPb collisions at  /s\n = 8.16TeV

 Motivated by growing interest for quarkonium suppression in small systems
* Ratios measured for prompt and non-prompt mesons in the dimuon channel

CMS Preliminary pPb 175 nb™ (8.16 TeV) CMS Preliminary pPb 175 nb™ (8.16 TeV)
inlicive 1617 1 SRR RN N R RS RN I IR RN
Multiplicity-dependent F 65 <p <a0Gov | - 03E | 65p <30 6oy E
N o o TE -2.865 1.935 ] u n
modification of the ratio . 14F ~Jou* 1 o2b > Nonprompt: y_bins E
S e + Prompt + Nonprompt ] T C ¢ N _ ]
LS = n o) _ onprompt: -2.865<yCM<1.935 ]
observed for prompt mesons g 131 1 5 o -
o 1.2F = O [CH ]
e Stable for non-prompt mesons 3 EI - S - G L — Eﬁ‘
N1 E ge; - ]
e Co-moving particles could s F i g0t 5 0 o @ b =
. . & o) - = - ]
dissociate excited states Z 09F - _0.2F 5 Prompt:y__bins -
more easily than the ground state = 08 E 03[ ®  Prompt:-2865<y,, <1935 -
ce v e e v b b e g gy o e b by b b b b P g
O'70 0.5 1 1.5 2 2.9 3 3.5 25 -2 -15 -1 -05 0 05 1 15
Niyack/<Niraci v Youm
New @
LHCP24 !
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-24-001

Resonances decaying to displaced jets

Search for displaced jets with Run 3 data Lf
* Model: Higgs boson decay to two long-lived neutral scalars ’ o ST f
-
e Sensitivity boosted with combination of ) \S\Tf
* New displaced jet triggers f
for low masses
. . : 34.7 fb (13.6 TeV
e displaced vertex reconstruction, and e 347f|b (136ITeV) o F | | | ( | )
0 - - T i ]
: e 4 s efe .o »n <L CMS _ O 10°g CMS t Data =
* a novel displaced dijet identification . 10 Eroliminary onsere = > - Preliminary amedbesgand -
based on graph NNs T 10°F . ss . - 10*E Foromps > 0985 M= 40GeV, cry= 1 mm =
= - S —-bb = - gr'ﬁf325.'5?04<2021)o1zo15 - - 99— Ij’ H-ss m. = 40 GeV. ct. = 10 mm -
C 102k 132 o (13 TeV) = s/ S—bb 8 o B
S 8 : M =40 GeV o : 0 = BH->S8)=1% - mg = 40 GeV, ct, = 100 mm =
New limits, based on 2022 g w0f et 1 f :
— = 117 b (13 TeV) - ;_ . s - _E
data, show improved sensitivity § & - : L N
2 Q. F - 10 jzzzzzzzas; | =
with respect to Run 2 > 1o : b —
= - O - "_ ”“”“”:{_“__._.”.’.“.'.—_“. __
® At o 1/4 Of the |um|nOS|ty ! O\o 10—25— 1?‘“_::;:::::* """"" g
& L - AL | | | | | | |
10 Elllllll | | Illllll | llllllll | llllllll | ? 10

1 ” e < 0.96 097 098 099 0995 0.998 0.9985 1.0
ct, [mm] Displaced-dijet GNN score gdiwlced
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-013

Search for long-lived heavy neutrinos

Search for HNLs in B decays

* . Vo = /£ = y* +
e Analysis based on the special “parked data” stream R / e
recorded in 2018, designed to collect O(1019) bb events N
o . . W Ve Vi W
e Event classification based on a parametric NN B IL\/:/ }ﬁ
. . . < <
for optimal selection of different HNL masses B { X
. . ) > Semileptonic B decay mode
* Expected signal yield from effective B+ |
52fb (13 TeV
cross section, measured from 10° L6 U3TV) > p | | | =
! Majorana g 10 — CMS ny/()'ny > 150, OS —=
COntI"OI Channel ]3i —> J/[/jI{i | CMS (re, ry, rz) = (0, 1, 0) :g : u u=m" mass < 5.7 GeV ;
10774 ~~ ﬁ 1 Dimuon channel -
¥, q 1074 N\ BE—— Z 10" —+ Signal - 2.0 GeV, 100.0 mm =
Strongest limits on sum of squares 5 | _ _ :
° ° ° ° -5 - ;.L.Ek.h'j“l‘k“«-“x_\;\.., AL ] 10'2 = =
of light-heavy mixing amplitudes ¢ S : z
from a collider for 1GeV<mn<1.7GeV 0| g S 2022 01 10° ¢ -
—— Median expected ATLAS, Phys. Rev. Lett. (2023) 061803 7
s stepmmense AW T
1077 — : — : 0.999 0.9992 0.9994 0.9996 0.9998 1
1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
my (GeV) cos 6
Majorana scenario, Angle between vector to DV
dimuon channel only and sum of momenta

“v{z§\ CMS Status and Overview W. Adam 14



https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-019/

Z/y*— £ and the weak mixing angle

Precision measurement of EWK key quantity at a hadron collider
o Sinzé’fff extracted from Arg (ee, uu),

LEP Ap, S ——e— 0.23099 + 0.00053
measured in bins of y(”) and m(II) LEP P, . 0.23159 = 0.00041
0,b BN T
e Acceptance and sensitivity enhanced with AL " | ©:2921=0.0%925
SLD A’ — . 0.23098 = 0.00026
extended acceptance for forward electrons CDF196 Tev P R | ‘ .......... R — 0232211000046
e Result (CT182): oteeTev [ el I | 023095 - 0.00040
o ATLAS7TeV | o = | 0.23080 = 0.00120
S1n (geff = 0.23157 £ 0.00010(star) = 0.00015(syst) LHCb 748 TeV| = o = | 0.23142 + 0.00106
CMS 8 TeV — o1 0.23101+ 0.00053
+0.00009(theo) £ 0.00027(PDF) MO —— e o
0229 023 0231 0232 0233 0234
CMS Preliminary 59 fb™' (2018, 13 TeV) sin“e,
%(E - eel S ‘ CT18X ——
| < Fit (CT182) CT18A I(-":rglllinsvinary S——
—— Data CT18Z E———— Asg CT18Z
02 [ CT18 = s —EI—AEE (no-prof)
| MSHT20 O e ® A (pdf)
*Matches LEP/SLD precision and is  weow: e -
*Compatible with the SM prediction ot
- adds to understanding of a long-standing tension
i i between previous measurements
! ! ! ! ! ! ! ! ! | !
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-010

Observation of yy— 17 in pp collisions

. . . P1=—p= > P Elastic event
Tau-pair production from photon fusion 1717 "
i issociati ‘ CMS Preiimi :
(elastic or dissociative events) | reliminary 138 fo™ (13 TeV)
. v re . . ® Observed —68% CL —95%C
e Events characterized by low-multiplicity vertices - SAR S BV
i OPAL - ; .
. _ (JJJ\ _ 0, PLB 431 (1998) 188 I
1 . - . L3 | '
CMS Preiiminary 138fb"(13TeV) o Several simulated quantities require e e '
0 25007, A T T A A )
5 [mEc. oMW+t Eemed corrections based on data DELPHI —
2000 @y~ [ Uncertainty - > In particular, #tracks for pileup and
g h ATLAS Pb+Pb ——e
1500 | 1 ard scatter PRL 131 (2023) 151802
tooof & Lo TN 8 First observation in pp: S PhaPh i
E 5.30. ObS (6.5 ol exp)! PRL 131 (2023) 151803 -
>0 :_ This result m
-0.1 —O.|05I - I('|): III IO(|)5
S 12— )
Lﬁ 1.1 + — . ] -
S Rl g8 Constraints on the anomalous magnetic moment
O 0.9 ]
: N +0.0032
© ogy—p——F—5 55 °® Extracted using an EFT model: a, = 0.00097 -1

Niracks > Improves LEP limits by factor 5!
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-23-005

Observation of tt entanglement

Sufficient condition for entanglement from spin correlation matrix

CMS Preliminary 35.9 fo-1 (13 TeV)
L DL L N L DL L

® . . . — — Entanglemen reslo - |
Using diagonal elements: A, = Cy3+ |G + Gy | > 1 — Enargonan Thesos
e Entanglement proxy D = — AE/3 = — Tr[C]/3 (for small my) can be extracted o 1105 AMOGNLO-PYTHIAS [
-+ POWHEGv2+HERWIG
from angle between decay products o000 (i ony st < G

o
o
o
-0.48983%8 ot

Test of entanglement in dileptonic tt events e
e Decays to muons and electrons 5 CMSPreliminary  35.9f" (13 TeV) 04TBYE e -
i . £ | —— Expected ] result + (total)
® USlng the low Myt reglion, 345 — 400 Ge\/, ﬁ, I Observed / I 060 055 050 045 040 035  -0.30
| == . D
with the higher sensitivity | Dosp. = = 0465 628 f
a0} Doss. = - 04783322 1 Need to model possible
- * : ff f ntribution
D<-V5 established at the 5¢ level ol e |  effects of a contributio
| 0.0<5<0.9 of tt bound states
1or 1 (toponium) at low my
S D -
oas—ossr  odes 0a ozee
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-001

Taking it a step further

Measuring the correlation matrix in single-leptonic tt events

* All coefticients of polarization vectors and correlation matrix 2

. O o
from fit to the angles of two decay products X 2:
» Using NN to reconstruct the tt system in each event LID 0.7

e A, from the full matrix, or from two proxies D, and D for high masses o %¢¢
I 0.5
Separation from entanglement limit reaches 6.70 obs (5.60 exp) © o
0.3

e from full matrix and at high values of my

Higher my reach - why is it relevant?

e Want to exceed maximum entanglement achievable by

classical exchange of information
> Fraction of events with space-like separation increases

1.4
Wlth Mt >90% for mtt>SOOGeV |5
» Taken into account in “critical entanglement” criterion 1
New @
LHCP24
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CMS Preliminary

1_

¢ Data
— Powheg+P8
Powheg+H7
MG5+P8
-~ MiNNLO+P8

III|IIII|III ;|IIII|IIII|IIII|IIII|I

6.1(5.5)o 4.0(3.6)o

| Separable states |

m(tt) > 800 GeV m(tt) > 1000 GeV

lcos(0)l < 0.4 lcos(0)l < 0.4
using D
CMS Preliminary 138 b (13 TeV)
— ¢ Data
- — Powheg+P8
E_ """ AE crit
= ¢ 5.4(4.1)0
- 13.5(4.4)0 6.7(5.6)0
| Separable states |
f) < 50 GeV m(tt) > 800 GeV
pT( ) < lcos(0)l < 0.4
using D / full matrix
W. Adam
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-007

CP Violation - Bs—J/y ¢ time-dependent asymmetry

Measurement of CPV in the interference between L s01" 13700
e o ~ 50 T o
mixing and decay of Bs->J/1) KK z s P,e,,g,n“gg
A To) o ’
o« o . . . . 0, ¢ rest frame 401 $ Iejltlafit i
* Decisive improvement: inclusive flavor taggers using r S -
f-the-art ML techni hing b f e
state-ot-the-art techniques, reaching best perrormance =8N le \.\\-\ :
at hadron colliders. Tagging uses it
e Opposite-sign muon and electron taggers Iy rest frame _
* Charge-asymmetries in opposrce-sn.de b Jet. amamsZREREES s
e Charged tracks around the same-side candidate M(uuKK) (GeV)
012 19.7Ifb"1 + 96.5 fb~! (8+13 TeV)
T i CMS
3011 Preliminary
* Five parameters of interest extracted from fit to several <010/ SMnopenguins | |
observables including the weak phase, Al's, and Ams 0.09 [
First evidence of CP violation in this decay mode o8 @
0.07- i
0.061 1, 2, 3 standard §
deviations contours 3
0.05- -
0%%00 -1s0 -100  -50 Zci) 50 100 150
PVKK” [mrad]
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-004

Angular analysis of decay B — K uu

Measurement of the complete set of CP averaged variables
* Long history of searches for hints of NP in this process

* Limited impact of theoretical uncertainties in angular distributions
* Background rejection optimized with a BDT

+
*U~ rest frame H" BO rest frame !

* Angular parameters extracted from fit to mg and 3 angles et fame |
. CMS Preliminar 140 fb™' (13 TeV
as f(q2): Fu, Py, P2, P3, P'a, P's, P's, P's i e
L flavio prediction -
CMS Preliminar 140 fb™' (13 TeV) CMS Preliminar 140 fb™ (13 TeV) B rediction 7
2300:_ 4.3<q?<6Ge\i/2 -4 Data 8200__ i 43<q?<6GeV? ReSUItS amOng the 1__ +EZ§P o H
? - _:rfcnk?g:round mOSt pre Cise B i
£ 3 measurements 0-51 é E
oo of these parameters :
150 | } E -
os- HE -
501 i p— ’ -
- L T OE...|...|...|...|...|...|...|...|...|...““ A —
() 5.1 5.2 53 54 5.5 5.6 -1 -08 -06 04 02 0 02 04 06 0.8 1 B m
m(K 'ru*u-) (GeV) cos(, ) I i
S I | | 1 1 | | 1 1 | | 1 1 | | | 1 1 | | | 1 1 | I
Examples of post-fit mass 0O 2 4 6 8 10 12 214 16 |
and cos(9x) distributions g- (GeV)
New @
LHCP24
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-002
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The Phase-2 Upgrade of the
CMS Level-1 Trigger

Technical Design Report

The CMS Phase 2 Upgrade

L1-Trigger

https://cds.cern.ch/record/2714892

" Compact Muon Solenoid

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

CERN  European Organization for Nuckesr Research  comusoc-wiron

The Phase-2 Upgrade of the
CMS Endcap Calorimeter
Technical Design Report

) r_“t'}\ 5 p 1 % ! )‘ Sy
The Phase-2 Upgrade of the
CMS Tracker

Technical Design Report

Calorimeter Endcap
https://cds.cern.ch/record/2293646

Tracks in L1-Trigger at 40 MHz
Particle Flow selection

750 kHz L1 output

40 MHz data scouting

Barrel Calorimeters

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

with precise timing for e/y at 30 GeV
ECAL and HCAL new Back-End boards

« Full optical readout
Heterogenous architecture
60 TB/s event network

7.5 kHz HLT output
CMS Data Acquisition

and High Level Trigger ®

Muon systems

https://cds.cern.ch/record/2283189
« DT & CSC new FE/BE readout

e RPC back-end electronics

« New GEM/RPC1.6<n<24

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

Tracker

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

« Extended coverage ton=3

Beam Radiation Instr. and Luminosity

« Si-Strip and Pixels increased granularity
« Design for tracking in L1-Trigger
« Extended coverageton = 3.8

http://cds.cern.ch/record/2759074
« Beam abort & timing
« Beam-induced background
e Bunch-by-bunch luminosity:
1% offline, 2% online
o Neutron and mixed-field radiation
monitors

MIP Timing Detector

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

A MIP Timing Detector
for the CMS Phase-2 Upgrade
Technical Design Report

CMS Status and Overview
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The Phase-2 Upgrade of the

CMS Barrel Calorimeters
Technical Design Report

CERN  Furopesn Ongarinasion for Nuckar Research CERNANCC-2007-012

Ovganination eunpenme pour b mchenche e bbame 12 Septemtnr 2017

The Phase-2 Upgrade of the
CMS Muon Detectors

TECHNICAL DESIGN REPORT

The Phase-2 Upgrade of the CMS
Beam Radiation,

Instrumentation, and Luminosity
Technical Design Report



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

Upgrade: some selected details

ADIT P
> .

Transitioning into production & preparing for assembly and integration

ClocRe =Y R-leRxzlog8 HGCAL cold rooms Lo R |
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Recent highlights

DAQ & High-Level Trigger

New in HGCAL : 2 1 CMS Simuiaton Prefminary

° o O y 4

. Great progress in HLT: 5 0 0o _:

e Kalman filter for muons e Line segment tracking 5 4 0s0en messz  J<0om

o £ 1.2 :_—f Base CKF —e— LST w/ CKF on Legacy Triplets {

o CO”Slderable prog reSS é 1:_ LST w/ CKF on LST Quads —=— LST w/ CKF on LST Quads+Triplets E

= . ) ]

on mechanics 08F IR, :

e SiPM, scintillator production Barrel Calorimeters 08 E= . .
0.4 2 i, W -«:r-c-fb-_c__ﬁ-

started, more o , ;

than 40% of o e G 117?1;0@ e

the Sensors ﬁ/ \ Muon SYStemS Simulated trackr, ., [cm]

Muons systems:
e RPC and GEM chamber
production ongoing

received

Calorimeter Endcap

Tracker: Tracker

e about to start Outer Tracker MTD

module production MIP Timing Detector .
, . ® Barrel: about to start module production
e Inner Tracker ASIC final and in

ducti * Endcap: sensor procurement review in July,
roduction , .
P ASICs — full functionality proven

Beam Radiation Instr. and Luminosity
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Open science with CMS

/,//"//Compact Muon Solenoid

Increasing demand for transparency and access to data by policy makers and society

Continuing the CMS tradition of opening Reinterpretation of CMS results
access to its data

The CMS Statistical Analysis and Combination Tool: COMBINE

CMS Collaboration - Aram Hayrapetyan (Yerevan Phys. Inst.) Show All(2390)

) Apr 9, 2024
The first large data set
CMS RELEASES™3 TEV PROTON 69 pages
COLLISION DAJA FROM 2016 e-Print: 2404.06614 [physics.data-an]
recorded at 1 3 TeV Report number: CMS-CAT-23-001, CERN-EP-2024-078
Experiments: CERN-LHC-CMS arX|V24040661 4

made available in April ‘24

View in: CERN Document Server, OSTI Information Bridge Server, HAL Science Ouverte, ADS
Abstract Service

» Almost 5 PB of 2016 data

» Provided in CMS’s
NanoAOD format
for data and simulation

CMS published its statistical toolbox “combine”

» Ready to be used outside the CMS environment

° ° ° ° o °
The CMS experiment at CERN is proud to announce the first release of 13 TeV proton-proton collision data > I h e t O O | I S a | S O u S e d -t O rOVI d e fu I I I I ke I I h O O d fu n Ct I O n S I n
collected in 2016. Over 70 TB of 13 TeV collision data and 830 TB of corresponding simulations are now accessible p

A C O I to the global scientific community and enthusiasts alike through the CERN Open Data Portal.
> Accessible via CERN's - - -
For the first time, the scientific community has access to substantial datasets of 13 TeV collisions. This release O rd e r t O e n a b I e e a S I e r re I nt e r p ret at I O n S
augments the 2015 data and simulation that were made public in 2021. Over 20,000 simulations of different
O D e n d a 't a D O rt a I physics processes have been released alongside the collision data, as well as new software containers and a new
T | 1 virtual machine for analysis.

> On this occasion, the likelihood function corresponding to
the observation of the Higgs boson was released

on: June’ CMS Status and Overview W. Adam 24



https://opendata.cern.ch/search?q=&f=experiment:CMS&l=list&order=desc&p=1&s=10&sort=mostrecent
https://cms-results.web.cern.ch/cms-results/public-results/publications/CAT-23-001/index.html

Summary

Run 3 operations
e Stable and efficient data taking in 2024

 High quality of promptly reconstructed objects
> in some areas matching or exceeding Run 2 legacy performance

* Trigger, data taking and reconstruction strategies open new

possibilities for analysis
> Prompt and parked data, scouting at HLT, and now also at L1

Physics analysis
* Many new results presented: winter conferences and now @ LHCP

* Entering the era of precision measurements
>~ Several results on EWK physics now competitive with those from ete-
> Investigating subtle effects as in tt spin correlations, and exploiting
the large statistics for heavy flavor production

Upgrades

e Continuous progress on many fronts
~ Preparatory work already taking place in Run 3 EoY technical stops

e Detector projects transitioning into production mode
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Summary

Run 3 operations
e Stable and efficient data taking in 2024

e High quality of promptly reconstructed objects
> in some areas matching or exceeding Run 2 legacy performance

* Trigger, data taking and reconstruction strategies open new

possibilities for analysis
> Prompt and parked data, scouting at HLT, and now also at L1

Physics analysis
* Many new results presented: winter conferences and now @ LHCP

* Entering the era of precision measurements
>~ Several results on EWK physics now competitive with those from ete-
> Investigating subtle effects as in tt spin correlations, and exploiting
the large statistics for heavy flavor production

Upgrades

e Continuous progress on many fronts
~ Preparatory work already taking place in Run 3 EoY technical stops

e Detector projects transitioning into production mode
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And much more
In the dedicated
plenary and
parallel talks !
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Additional slides




New CMS results at LHCP 2024

B2G-23-004 Search for diresonant new physics in a final state comprising a gluon and two
hadronically decaying W bosons

BPH-21-002 Angular analysis of the BO to K*O mu mu decay

EXO-22-007 Search for excited tau leptons in the tau-tau-gamma final state

EXO-21-015 Search for a neutral gauge boson with non-universal fermion couplings in VBF processes
EXO-21-016 Search for heavy new resonances decaying to tau lepton pairs

HIN-22-004 Two-particle azimuthal correlations in pomeron-Pb interactions using pPb collisions at
8.16 TeV
HIN-23-002 Multiparticle correlations of soft and hard probes in small systems

HIN-24-001 Multiplicity dependence of psi(2S)/J/psi in pPb at 8.16 TeV

HIN-24-002 Hyperon polarization along the beam direction in pPb collisions at 8.16 TeV
SMP-23-008 Event shape variables in minimum bias events

SUS-23-001 Search for Stealth/RPV stops in final states with many light-flavor jets and 0-2 leptons

TOP-23-007 Spin correlation and entanglement in top Measurements of polarization, spin
correlations, and entanglement in top quark pairs using lepton+jets events
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Search for excited tau leptons

minimum collinear mass

Test of compositeness with tau leptons

§
* Search for pair production of a tau leptons, one ™
of them excited with decay 7* — 7y !
» Three channels (e+th, u+7h, Th+Th) g
T ©
>~ Assumption of neutrinos collinear with taus =
£
e Signal regions take into account 2-fold ambiguity of photon association E
£
10° SMS —— — 138| fb._1 ( 3ITeIV:) 6000 oty 19 Tew
— Preliminary N Expected = % Preliminary
. 68% Expected - Q)
A s, 595% Exﬁzcﬁd - P E
10 = \-.\.\\70/\ ‘t?(e% —— Observed — %
g E ~ ) - - A=10TeV E S 40001 N
= f N oo A=m 1 Mass limits: 4.7 TeV (2.8 TeV) for 5
(- T | _ . £ 3000 ]
I | = compositeness scales of m(z*) (10 TeV) =20
- . O N i
x [ ’ . .. . 5 2000 |- ety
° L 1 e For comparison, CMS limits using g i
E = 1000__ ° 1-prong: 41 events -
; . data from 2016 are 3.9 TeV and V. o sorone: z2evens -
o L 3.8 TeV, respectively, for e* and u* 0" ~4066 2006 3000 4000 5000 6000
1 mass [GeV] Min Collinear Mass [GeV]
and A = m(£*)
New @
LHCP24
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-007

