CMS Experiment at the LHC, CERN
Data recorded: 2018-Aug-09 21:56:30.285184 GMT
Run / Event/ LS: 321067 / 853682455 / 591
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CMS Collaboration

~~" Compact Muon Solenoid

CMS Membership

216 Full member
Institutes

29 Associated
Institutes

10 Cooperating
Institutes

o\

2069

Phd Physicists
(402 women 1667 men)

\

The CMS experiment has 9924 active members from 299 institutes coming from 98 countries.

1187

1315 987 251

Physics Doctoral Students Non Doctoral Students Engineers Technicians

(324 women 863 men)

(359 women 956 men) (147 women 840 men) (22 women 229 men)

CMS Status Report \

110

Administratives
(70 women 40 men)




CMS Communications

" Compact Muon Solenoid

v (Geneva, Switzerland @ I (runis)

Satisfy your curiosity about quantum physics, and

‘ GENEV o o
C ommunication ot our
k t th bl .
o o @ o
The tiniest bits of nature are the biggest attraction at the m
European Organization for Nuclear Research, or CERN, I o r a n re S o n S I I I
and its 17-mile-long particle accelerator on the outskirts

Architecture, Food and Drink, History

of Geneva. Bul until recently, visitors had limited oplions

for nerding out. Open since October, the family-friendly,

Renzo Piano-designed CERN Science Gateway changes ®
that with activities like quantum karaoke, quantum air o t e C o a o r a t I 0 n
hockey and miniature magnetic accelerators modeled {
after the Large Hadron Collider, where in 2012 physicists o7
discovered the elusive Higgs boson, seen as a key to
understanding the universe’s origins.

Less mind-blowing but still satisfying to hungry
scientists and laypeople alike, the Choco Pass, a self-

guided chocolate tour that debuted in 2022, lets visitors
sample Geneva’s famous truffles, bonbons and pralines

And if you want to explore the nature of time — or — r > & ) . 2 0 2 4
timepieces — book a table at Breitling Kitchen, the Swiss — = N 58th Rencontres de MOFIOHd

watch brand’s fourth crossover restaurant, which : y A

features menus designed by Juan Arbelaez of “Top
Chel.”

— Adam H. Graham

24/03 to 31/03 :

Electroweak Interactions & Unified T

Very High Energy Phenomena in the U
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" Compact Muon Solenoid
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https://www.nytimes.com/interactive/2024/travel/places-to-travel-destinations-2024.html
https://cms.cern/news/missing-piece-higgs-production
https://cms.cern/news/new-forward-shielding-installed
https://cms.cern/news/hearing-sound-quark-gluon-plasma
https://www.youtube.com/playlist?list=PL6opca1Kxk9NaUF5egjr4y8BvnDvRRzUj
https://cms.cern/news/cms-moriond-2024

=" Compact Muon Solenoid

CMS Today

Operations

* Run 3 pp collisions @ 13.6 TeV ongoing
» LHC integrated luminosity in 2024 - on track to reach target

* Steady CMS operations with new triggers for 2024

» Data taking and shifts going well at Point 5 and at Remote
Centers

Physics

e Many new results from Run 2 and Run 3 and many

MR | SRS PEREN  more planned.

o~

Upgrades

e Steady progress in the transition to production.

CMS Highlights 5



THE CMS DETECTOR JOURNEY

O PHYSICS

”” o~ oA
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PR CRUZET
Aligning with the universe - using M Q G N E T

cosmic radiation to check the

pieces of the detector are T

he solenoid magnet is turned on

recording the right signals

and slowly ramped up to its full

MAGNET ON strength

TRIGGER
COMMISSIONING

Testing the system that selects

which of the many collision

events are interesting to study

FIRST BERAM

BEAM HALOS .

DATA - it
TRANSFER SPLASH! ik

| —

Protons crash into a barrier just

Checking the data from the first G
before the CMS detector, and

beam is processed correctly and )
muons from the impact continue

travelling through the detector
se are used for energy
calibration and temporal alignment

of sub-detectors

STABLE COLLISIONS r INJECTION ENERGY

BEAM SPOT. | ‘é*EV
TRIGGER

FULL TESTING
==

With a full pileup, all the triggers
can be tested, including the non

linear ones

STABLE COLLISIONS - FULL ENERGY

ESTING FOR
ALL \
PARTICLES ‘ TIME SCANS

With full energy collisions, all the

different particles are being ' '

Very fine-grain readings are

produced, not just the muons.
ests on the different

tors

Therefo taken from the ECAL and HCAL

sub-detec

triggering system can be carried out

and again on the

HIGH -
VOLTAGE{ - )
scAaNs ¥

Checking the efficiency of the

IR

muon chambers

2400 BUNCHES




LHC 2024

LHC in 2024
* First splashes - 8 March and 13 March

e Stable collisions at 900 GeV and 13.6 TeV achieved as
planned

e Stable beams at 13.6 TeV for physics in mid April

» Beamspot at CMS was displaced in x but has been corrected.

CMS Detector

* The detector is operating well with 2024 LHC beam
conditions and pileup > 60

* Integrated luminosity in Run 3 (2022- 2024) ~86 tb-1 (so far)

rdinate [mm]

Beam spot centre coo

CMS Preliminary

Pixel
barycenter

(x)

<=

Pixel
barycenter

(y)




~~ Compact Muon Solenoid

Data Collection and Certification

pp collisions

I

2024 CMS Recorded data 2024 CMS Certified data
Data up to 2024-05-24 2024 (pp 13.6 TeV) 100 2024 Performance of Data Certification per ERA
25 CMS BN LHC delivered: 19.81 fb™ -
. -1

— Online 1 CMSrecorded: 18.43 fb
e 80 -
= 20}
=
@ . L g
2 CMS Online Luminosity 2024 5 60
€ 15} §
= £
3 &
= O 40 -

O
10} 8
Q
=
TS 20 - -
S 5t
= BN ERAB-26.0% B BC-928%

B ERAC-974%
O -
0 < < \;' \" \;' \" *' \;' \;' \" ERA B ERA C ALL-IN
1 PR Mo Mo Plo P Fio Phe FA WL W Wi WigWo Wi ERAS
Date (UTC)

High data certification efficiency after the
commissioning phase during LHC ramp up: ~ 97%

[Run 3 Lumi: public twiki]

[Data Certification: public twiki]

w ;
_ \ CMS Highlights \ 3



https://twiki.cern.ch/twiki/bin/view/CMSPublic/DataQuality
https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults#Multi_year_summary_proton_proton

CMS Heavy lons

Run 3 PbPb data-taking @5.36 TeV in 2023

e ~1.98 nb-1 delivered by LHC (note: ~1.8 nb-1 in 2018)
Smooth operation of the CMS detector during 2023 HI run

e Collected ~17 billion Minimum Bias (MB) events

e Collected ~10 billion Ultra Peripheral Collisions (UPC) events
Looking forward to HI Runs in both 2024 and 2025

studies
«aing . COrrelations and flow
jet quenching

effects

. quarkonia and open-heavy
flavor production modifications
EM probes to control nuclear

Ultra Peripheral Collisions

P RA—

adronic collisions: QGP

t

\/\L}'\;:x

Strong
photon

(UPC)

l.

CMS Highlights

UPC: yN and yy collisions

study gluon nuclear PDFs at
low-X

unique source of
background-less jets at the
LHC

unique environment to study
SM and BSM processes
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un 3 Triggers

LEVEL-1 TRIGGER HIGH LEVEL TRIGGER
PARKING

o - > ¥
"“,.':i" X g m% few 1000 events/second
'QA : «.1 .”i...” . ege [
'}f :°, 8%, delayed availability for analysis
100 000 Y
events/second
;‘ afe @ | ,
- W _! T L X ﬁ‘ » o P
?-f. Y ] -.i’ﬂ:.ﬁ,‘:p :,‘v"i?\:.'e o:? NORMAL
X T L Lady 2 o> 050097 % 3 ®*? 1000 events/second
‘C '...."-. Y _ ) . ore .
©%0% Lo ° i 4 0 © Seo® normal availability for analysis
090028 ¢ '.*. -
b YL R 'Yy
Vol T9e - < .'4‘

Witise: SCOUTING
10 000 events/second (or more)

reduced data format
normal availability for analysis

CMS DETECTOR .
https://cms.cern/news/same-lhc-same-cms-more-physics

records 40 000 000 times/second https://arxiv.ora/abs/2403.16134
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https://cms.cern/news/same-lhc-same-cms-more-physics
https://arxiv.org/abs/2403.16134

" Compact Muon Solenoid

Level 1 Trigger 2024

L1 Trigger was well prepared for the 2024 running period.
> Collecting data at ~110 kHz with pileup conditions (PU 60-65) - similar to 2023

>»Developments in the L1 Trigger for 2024: 210G viggrnk oo o || il
L /] h' h I‘ n . I d f B h ° Run-s DS O ___ 100 Gb/s Ethernet (CWDM4) k—[—l—-/ ey
° —SO __ 100 Gb/s Ethernet
OW pt "very high quality ™ single muon seeds Tor b physics oy Qe — |

Displaced dimuon seeds for LLP searches

Trigger

¥
s |
& &3

SCX55 —» 1«4~ USC55
| |

DeMux

New seeds targeting HH—bbWW

Anomaly detection trigger (using Machine Learning @ L1 Trigger) added.

x18 X7

Development of Phase-2 HL-LHC Scouting @40 MHz

 Goal: scout every bunch crossing in HL-LHC collisions

- Demonstrator is already taking data with muons and calorimeter
. . . Dedicated system to readout, process & analyze data from L1 Trigger @40Mhz
information during Run 3.

&\ | csmgigns | |



HLT triggers in 2024

" Compact Muon Solenoid

5 CMS Simuiation Vs = 13.6 TeV
? I8 E_ HH— 2b2Thad —a— HHORT, ,OR pT'"iss-triggers
s CF k= .
Many improvements for the 2024 High Level Trigger (HLT) S O e 2023 paridng
w 1.4 - p.>20 GeV, <25, —e— 1, triggers standard
e Parking A .
B T e s e e e
» New triggers to increase efficiency of HH->bb+X. " 32' . .
0 - &
> Low-pr single-muon triggers 0.4 —-—
0.2 F I_._
1 1 1 T . N T
* New single-photon trigger with pt > 50 GeV 0 e T
. mieee (GeV)
e HLT Scouting
> Improvements to the ParticleFlow reconstruction in HLT Scouting
CMS 17.6 fb™' (13.6 TeV, 2022)
» Addition of more tracking-related information in the event content $ Wi e Scouing Dimuon Eers -t st
» Addition of new single-muon triggers in HLT Scouting. g wf
* Many other additions of new triggers for specitic signatures
10° E L1 Trigger Selection
* Ported the heterogeneous (CPU+GPU) reconstruction of e e
Pixel, ECAL and PFClusters to the Alpaka portability library. O T R T e
| ” r;fu[GeV]

Trigger
efficiency for
HH->bbTauTau
with Run 3
conditions

Invariant
mass of
opposite-sign
muons from
2022 (Run 3)
scouting.

For more info, see EXO-23-007

&\ | csmgigns |
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https://arxiv.org/pdf/2403.16134.pdf

CMS Experiment at the LHC, CERN
Data recorded: 2016-Aug-17 08:01:23.065024 GMT
Run / Event / LS: 27%969 /| 229126383 / 184




CMS Physics Publications

250 T
-~ - B2G:83 -®- HIG:186

~®- BPH:73 ~®- HIN:136
-8~ CAT:1 -®- MLG:1
~®- DET:52 -®- SMP:181
-®- EX0:240 -®- SUS:140
-®- FSQ:45 ~®- TOP:152

200 A

150 -

100 -

50 -

Publication and analysis statistics
* Currently at 1290 papers on collision data

* Detector Paper for Run 3 has been published
in JINST.

Recent Results and briefings for the public:

* https://cms.cern/news/cms-moriond-2024

CMS Highlights \ 14


https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05064
https://cms.cern/news/cms-moriond-2024
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CMS

Lagrangian mass extractions

Pole mass from cross section

Inclusive tt 7 TeV, NNLC € CT10

Inclusive tf 7+8 TeV, NNLC € CT14

Inclusive tt 13 TeV, NNLO & CT14

Inclusive 1T 13 TeV, NNLO ® CT14

Differential f 13 TeV, NLO + 3D fit (mf"", o,, POF)
Dilepton 7+8 TeV, AT_AS+CMS cross saction
Differential tf1 et 13 TeV. NLO @ CT13

MS mass from cross section
Inclusive tf 13 TeV, NNIL.O ® CT14 —e—

Direct measurements
Full reconstruction

Dilepton 7 TeV, KINb and AMWT
Leplon+jels 7 TeV, 2D idecgram

Dilepton 7 TeV, AMWT

All-jets 7 TeV, 2D ideogram

Lepton jete 8 TeV, Hybrid ideogram
All-Jets 8 TeV, Hybrid ideogram

Dilepton B TeV, AMWT

Single top quark 8 TeV, Temglate fit
Dilepton 8 TeV, M, +M?5; Hybrid fit
Lepton+jets 13 TeV, Hybric ideogram
All-jets 13 TeV, Hybrid icecgram

Dilepton 13 TeV, m, fit

Single top quark 13 TeV. In (m, / 1 GeV) fit
Lepton+jets 13 TeV, Profile likelinood ™
Combination 7+8 T2V

Boosted measurements
Eocsted B TeV, C/A jet mass unfolded | F * 4 !
Eocsted 13 TeV, XCone jet mass unfolded
Eocsted 13 TeV, XCone jet mass unfolded
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-006/index.html
https://arxiv.org/abs/2403.01313

sin20,, extracted from the FB asymmetry

in DY events

Both electrons and muons

Measurement vs dilepton mass and rapidity
Improves over similar measurements by LEP/
SLD (same final state)

Matches precision of b-quark Arg
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-010/index.html

e Look for 1T production in yy collisions

e Isolate a sample enriched in photon

collisions, selecting low-multiplicity vertices

e Considerable challenge to control

impact of PU

e First observation of this process in pp

(has been seen in PbPb).

e Sets limits on the anomalous
electromagnetic moment of the tau (1)

lepton.

® Determination of a; using an EFT

model: 5x increase in precision on
tau g-2 w.r.t. LEP

CMS-PAS-SMP-23-005
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CMS Pb+Pb

PRL 131 (2023) 151803

This result
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e Observed —68% CL —95%C
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-23-005/index.html
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e Measure CPV in the interference between

>

SV

0r O rest frame SS charge

mixing and decay of B,/ B,

e Exploits new flavor taggers using j%z
machine learning, outstanding S

same side |

opposite side

OS muon
OS electron

performance at hadron colliders Iy rest frame

OS jet charge

o Exploits charge correlation on same-side
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Comparison with ATLAS ( EPJC 81 (2021) 342 )
and LHCb ( PRL 132 (2024) 051802 ) 18


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-004/index.html
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Measure entanglement by looking for 1 do 1 (1 D S LD S e L C-Z_)
: : U'dﬂldnz (471')2
an excess of spin correlation wrt no-

entanglement hypothesis A=Cs3+|Ciy+Cxp|—1>0.

e Key observable should be D>-)3 if top A+1=tr[C] = -3D > 1

quarks are not entangled at threshold

e Use angle between leptons in fully- LoCMS_  358bT(i3TeV) oo }
% ! —— Expected / ] > 2
" i — rv 1 q
leptonic tt events as a proxy ok Observed /] - £ :
o ! Dexp. = - 0.465%052 ; ‘E’ 023
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! 10° 0.4
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i 6><102'
. . 10_— o
bound-state component in the bkg fit
to describe data at tt threshold ° g - 42107
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-001/index.html
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Pb Pb*
e Probe photon collisions to diphotons and e+e-, \’;:H
using ultra-peripheral collisions in PbPb e
Pb Pb”
o Clean experimental environment cms priminary o 1881 g 02700
=~ 1T T - 'y—;ee ..............................
o Cross section enhancement ~ Z4 S 1 S SmeUPChIGE SR Y
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o o . . . . T ~—a—— STARLIGHT 3.13
e Set limits on the resonant production of axion-like particles S
?'8 107

(ALPs) coupling to photons are set for masses m, = 5-100 GeV
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-015/index.html

e JSearch forresonance decaying to displaced jefts
e Building on Run2 analysis experience and adding
o new dedicated triggers
o a novel displaced dijet ID based on graph NNs
e Improved on Run2 sensitivity, using only 2022 data
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-013/index.html

New 13 TeV Data Release

, ~y In April, CMS announced the

1 CMS Experlmf?nt c:t t.heuLPiC. C1ERN 1 y ‘

B o o sgoezs turasesse o4 G“” I /7 release of 13 TeV proton-proton
| i collision data collected in 2016.

e Over 70 TB of 13 TeV collision

2 /‘&‘P o | data and 830 TB of
// MmN . R, corresponding simulations are
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now accessible to the global
scientific community and

enthusiasts alike through the
CERN Open Data Portal.

&\ | csmgigns | ;

https://cms.cern/news/cms-releases-13-tev-proton-collision-data-2016



https://opendata.cern.ch/search?q=&f=experiment%3ACMS&f=type%3ADataset%2Bsubtype%3ACollision&f=year%3A2016&l=list&order=desc&p=1&s=10&sort=mostrecent
https://opendata.cern.ch/search?q=&f=experiment%3ACMS&f=type%3ADataset%2Bsubtype%3ACollision&f=year%3A2016&l=list&order=desc&p=1&s=10&sort=mostrecent
https://opendata.cern.ch/search?q=&f=experiment%3ACMS&f=type%3ADataset%2Bsubtype%3ASimulated&f=year%3A2016&l=list&order=desc&p=1&s=10&sort=mostrecent
https://opendata.cern.ch/
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The CMS HL-LHC Upgrade

Technical proposal CERN-LHCC-2015-010 https://cds.cern.ch/record/2020
Scope Document CERN-LHCC-2015-019 https://cds.cern.ch/record/2055167/files/LHCC-G-165.pdf

" Compact Muon Solenoid

L1 Trigger/HLT/DAQ
https://cds.cern.ch/record/2283192
https://cds.cern.ch/record/2283193
e L140 MHzin/750 kHz out

e Tracking for PF-like selection

e HLT 7.5 kHz out

Barrel Calorimeters =
https://cds.cern.ch/record/2283187 |
« ECAL s single crystal granularity in L1 Triggerv

T - The Phase-2 Upgrade of the
e A CMS Barrel &alonmctcrs
L .y Te

precise timing for e/y at 30 GeV T E
ve ECAL and HCAL new back-end electronics

P, aece

—

\\\\\
ST
o
=2
=

_ / ._ W/ \ Muon Systems
ST U I ims https://cds.cern.ch/record/2283189
DT & CSC new FE/BE readout

Beam Radiation and Luminosity

https://cds.cern.ch/record/2020886 [BESS
e Bunch-wise Luminosity i
e Beam Monitoring

\

Extended coverage to ‘71‘ <3.0

New GEM/RPC 1.6 < |n]| <24 [Tiio

Tracker

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

o Si Strip Outer Tracker designed for L1
Track Trigger

o Pixelated Inner Tracker extends
coverage to M <38

MIP Timing Detector
https://cds.cern.ch/record/2296612
e« <75 psresolution

e Barrel: Crystals + SiPMs
« Endcap: LGADs
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tive and extremely challenging new capabilities:
e Level 1 track trigger

« Timing detector

« Highly granular endcap calorimeter

m28>Q24 \\ \ CMS Highlights \ 24

Calorimeter Endcap  Also known as HGCal
https://cds.cern.ch/record/2293646

e Si, Scint + SiPM in Pb-W-SS Pt
« 3D shower imaging with precise timing e



https://cds.cern.ch/record/2283187
https://cds.cern.ch/record/2283189
https://cds.cern.ch/record/2296612
https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2283192
https://cds.cern.ch/record/2283193/files/CMS-TDR-018.pdf
https://cds.cern.ch/record/2020886
https://cds.cern.ch/record/2714892
http://cds.cern.ch/record/2759074
https://cds.cern.ch/record/2667167
https://cds.cern.ch/record/2272264
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2759072
https://cds.cern.ch/record/2283187
https://cds.cern.ch/record/2283189
https://cds.cern.ch/record/2020886
https://cds.cern.ch/record/2055167/files/LHCC-G-165.pdf

CMS Phase2 Tracker

" Compact Muon Solenoid

XIX,

Key features

® more granularity

* [ower material
budget

e extended coverage
* tracking included at

L1-trigger level

Material budget

present tracker

= Phase-1 Tracker
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CMS Phase2 Calorimetry

" Compact Muon Solenoid

New VFE card New FE card

Endcaps: High-Granularity Calorimeter (HGCAL)

W Master IpGBT ASIC
e aster Ip o
2 - Control (2.5Gbps) < 2m > EIeCtromagnetIC (CE-E)

4’,‘,/ Readout (10Gbps)
A
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\
\ Versatile link pl.us ~200T .
e 0 Control lnk e oo * Si sensors, hexagonal modules
Readout links ® 27 |ayerS
APDs Pre-Amplifier ADC ® 25 SXO and 1 7)\
Hadronic (CE-H)

New ECAL on-detector electronics
e digitization at 160 MHz
* online pulse shape discrimination

e steel absorbers
e High-radiation regions:

Si sensors
against spikes

* | ow-radiation regions:

* trigger granularity = single crystal scintillation tiles with SiPM readout

* 30 ps time resolution (Ey > 50 GeV)
e cooled at 9°C to mitigate APD

ageing

e 20 layers
® 9.5\ (including CE-E)
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6M Si channels
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" Compact Muon Solenoid

CMS Phase2 Timing Detector

The MTD features

~ 40 m?

332 * a time resolution of 30-50 ps for MIPs

jation levs ~2x10“‘neq/cm2
sensors: LYSO crystals + SiPMs

* a 4th dimension for PU rejection

D Feoumsraots Verices (t,z) of all vertices/tracks
Tns —6—— 4D Reconstruction Vertices PUZOO event
ENDCAPS 5 ——— 4D Tracks
zlilr::tf:r of channels :;gotgk g’ 0.4 B
Radiation level ~2x10"5n eq/crn‘ — -
Sensors: Low gain avalanche diodes & -
E 0.2
S - +4
e Thin layer between tracker and calorimeters = 00—
e MIP sensitivity with time resolution of 30-50 ps x -
e Hermetic coverage for |n|<3.0 S - ¢
'0'2__ 4 ‘Q‘é # ?
° ° ° '0-4—_
Precise timing allows for the removal of I ek (N o 15"
. o« . . - Simulation 8 4.3
spurious tracks from PU, this improving on o\ Hydiet Vix/track z (cm)
. . . .« (o . - m>16 8
* lepton isolation and identification "
e jet reconstruction and flavour tagging s E K The MTD uses well-established technologies
— 1ec E E .
® missing pr reconstruction Ty W E * Barrel:
O 7 LYSO crystals with dual end SiPM readout
° ° ° ° ° ] TC R — 7. o _%W;.:._ g °
Precise timing also offers time-of-flight e * Endcaps:
identification at low momenta (relevant in HI) R é[Ge\f B Low Gain Avalanche Detectors (LGAD)

m 28>Q24 \ \ CMS Highlights \ 27



Upgrade Status

CMS Upgrades:
Transitioning into
production

24 CMS Highlights 28
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Progress on the Upgrades

CMS upgrade projects have finished almost all design
reviews and many procurement readiness reviews

 Many items moving into production (ASICs, modules...)

Assembly facilities and infrastructure are a current focus

e \Working with the collaboration to secure enough resources at
the institutes/at CERN to enable full production and testing

CMS Highlights
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Ukraine in CMS in 2024

" Compact Muon Solenoid

Currently CMS has 14 members from Ukrainian institutes

e |nstitute for Scintillation Materials of the National Academy of Science of

Ukraine CMS Young Researchers Prize Winner 2023

e National Science Centre, Kharkiv Institute of Physics and Technology,
CMS Upgrades

e Participation in HGCAL - planned to machine cast scintillator for the
hadronic part of the calorimeter

e Exploring ways for Ukraine to contribute in the future

Collaboration

e Tier 2 (with efficient support) computing center is in operation for CMS
* Interns/students in Ukraine working on computing/physics projects

e Ukrainians within the CMS community

* Active participation in Computing, Software, Machine Learning, BRIL (Luminosity and
Backgrounds), Calorimetry - particularly HGCAL

e Signifiant contributions to physics - in particular, in the B Physics Group

&\ | cwsmigigns |

Olena Karacheban

For her crucial and sustained contributions to the
measurement of luminosity, the operation of the BRIL
system and her role in steering its HL-LHC upgrade.

“Since 2015, when | started my Ph.D. at the Brandenburg
University of Technology Cottbus-Senftenberg, | have
been involved in various aspects of CMS luminaosity
measurements. | joined the Beam Radiation
Instrumentation and Luminosity (BRIL) project, working
on the BCM1F detector, which was diamond-based at the
time. From 2017, as a CERN fellow and BRIL detector
performance group convener for two years, | was

. involved in luminosity detectors' operations, calibration,

and data analyses. With BRIL colleagues, LHC operators,
and the support of CMS run coordination, we turned

W08 . . .
.+ emittance scans into a regular tool for assessing
@ detectors' linearity and stability. In 2020, | joined Rutgers
A8 University, where | was focused on multilepton analysis
\

and searches for physics beyond the Standard Model.

Driven by my passion to contribute to future precision

luminosity measurements, | took on a BRIL Phase-2

R % upgrade coordination role. In this capacity, | am

responsible for prototyping and constructing the

‘ \  dedicated luminometer for Phase 2 and the best
| gy Uutilization of other CMS sub-systems for luminosity
W\ \§%, measurement purposes.”

31




Summer Student Z»
Fellows Program

T S |

We aim to keep Ukrainian researchers integrated into our international collaborations despite
travel limitations. To that end, the U.S. NSF-funded |IRIS-HEP software has had a program each
summer since 2022 to connect Ukrainian students (in remote) with particle physics experiments
for software-related R&D projects. Some dedicated funding from IMPRESS-U has been acquired
for 2024 and 2025 (US contact Peter ElImer, Ukrainian contact Olga Gogota).

Examples include deep learning for QCD background estimation in CMS, long lived particle
searches and GNN-based algorithms for the LHCDb trigger, data reduction for the ProtoDUNE
detector control system and many projects related to the HL-LHC Analysis Grand Challenge.

26 students have been involved in 2022 and 2023 from Taras Shevchenko National University,
Kyiv Academic University and others. See the individual Fellow links from https://iris-hep.org/
fellows.html for information about specific projects (original proposals, presentations, videos). 15
additional Ukrainian students will be starting 12 week projects this summer in June and July,
2024 and will appear soon on that page.



https://iris-hep.org
https://www.nationalacademies.org/our-work/international-multilateral-partnerships-for-resilient-education-and-science-system-in-ukraine-impress-u
https://iris-hep.org/fellows/Andreylen.html
https://iris-hep.org/fellows/VolodymyrSvintozelskyi.html
https://iris-hep.org/fellows/VolodymyrSvintozelskyi.html
https://iris-hep.org/fellows/103523141.html
https://iris-hep.org/fellows/103523141.html
https://iris-hep.org/fellows/esorokun.html
https://iris-hep.org/fellows/esorokun.html
https://agc.readthedocs.io/en/latest/?badge=latest
https://iris-hep.org/fellows.html
https://iris-hep.org/fellows.html

Summary

s The 2024 pp run is going well.

s CMS has developed a robust trigger plan for the 2024
running conditions.

s CMS continues to release many interesting physics
results

= Many more to come in 2024 from both Run 2 and Run 3

m The CMS upgrades for the HL-LHC are making good
progress.

m Focus is on optimizing resources and moving into pre-
production and production.

= We look forward to continuing a very fruitful
collaboration with our colleagues in Ukraine.
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Compact Muon Solenoid

CMS Review papers

Submitted to Physics Reports

Just published: CMS Detector paper “Development of the CMS detector for the CERN LHC Run 3” JINST 19 P05064

, .



https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-23-005/index.html
https://cms.cern/news/mapping-uncharted-territory-cms-reviews-searches-dark-matter
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-23-007/index.html
https://cms.cern/news/same-lhc-same-cms-more-physics
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-23-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-23-003/index.html
https://cms.cern/news/rich-collection-top-quark-mass-measurements-cms-experiment
https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05064

Recent CMS Results

" Compact Muon Solenoid

Read the Physics briefing

WW cross section measurement at 13.6 TeV - Run3 SMP-24-001 CMS-PAS-SMP-24-001 here!
Measurement of the differential Z/y — Il forward-backward asymmetry and effective SMP-22-010 CMS-PAS-SMP-22-010 | Read the Physics Briefing
leptonic weak mixing angle here!
Measurement of the Z(vv) + y production cross section and a search for anomalous neutral SMP-22-009 CMS-PAS-SMP-22-009
triple gauge couplings
Observation of yy— 1T in pp and limits on the anomalous electromagnetic moments of the SMP-23-005 CMS-PAS-SMP-23-005 | Béad the Physics Briefing
T lepton here!
Search for the SM Higgs boson produced in association with bottom quarks in final states HIG-23-003 CMS-PAS-HIG-23-003 | Read the Physics Briefing
with leptons here!
Search for the nonresonant and resonant production of a Higgs boson in association with HIG-22-012 CMS-PAS-HIG-22-012
an additional scalar boson in the yyTrt final state
Model-independent search for pair production of new bosons decaying into muons HIG-21-004 CMS-PAS-HIG-21-004
Precision measurement of CP violation in BOs — J/Y ¢(1020) = p+p— K+K- decays BPH-23-004 CMS-PAS-BPH-23-004
Observation of the =b- — (2S)=- decay and studies of =«0b baryon BPH-23-002 BPH-23-002
Observation of the J/AJ = p+u—p+u— decay in pp collisions at Vs = 13 TeV BPH-22-006 BPH-22-006 e F;}Z‘;Z',CS SR
Search for CP violation in DO = KOSKOS decays using pp collisions at 13 TeV BPH-23-005 CMS-PAS-BPH-23-005
Measurement of the BO effective lifetime in the decay BOs — J/YKOS BPH-22-001 CMS-PAS-BPH-22-001

m28>Q24 \ \ CMS Highlights
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-001/index.html
https://cms.cern/news/run-3-provides-standard-model-new-victory-energy-frontier
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-010/index.html
https://cms.cern/news/towards-new-precision-era-study-electroweak-interactions
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-23-005/index.html
https://cms.cern/news/disclosing-quantum-corrections-electromagnetic-interactions-tau-leptons
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-003/index.html
https://cms.cern/news/missing-piece-higgs-production
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-23-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-22-006/index.html
https://cms.cern/news/reproducing-cms-logo-jps-decays-four-muons
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-001/index.html

_— /Compact Muon Solenoid

Search for baryon number violation using top quark events TOP-22-003 TOP-22-003 Read the Physics Briefing here!
Simultaneous differential measurement of ttZ and tZq TOP-23-004 CMS-PAS-TOP-23-004 |Read the Physics Briefing here!
Probing entanglement in top quark production TOP-23-001 CMS-PAS-TOP-23-001 |Read the Physics Briefing here!
Measurement of the tW cross section at 13.6 TeV using 2022 data - Run3 TOP-23-008 CMS-PAS-TOP-23-008 |Read the Physics Briefing here!
Observation of double-J/Psi meson production in pPb collisions at 8.16 TeV HIN-23-013 CMS-PAS-HIN-23-013
Search for dark matter produced in association with a pair of bottom quarks SUS-23-008 CMS-PAS-SUS-23-008
Search for RPV SUSY in trilepton + jets final states SUS-23-015 CMS-PAS-SUS-23-015
Search for heavy neutral Higgs bosons A and H in the ttZ final state B2G-23-006 CMS-PAS-B2G-23-006 |Read the Physics Briefing here!
Search for a heavy resonance decaying into ZH for final states with tvyo .electrons, two muons, or B2G-23-008 CMS-PAS-B2G-23-008 |Read the Phvsics Briefing here!
missing transverse momentum and an energetic jet - —
Search for soft unclustered energy patterns EXO-23-002 EXO-23-002
Search for new resonances decaying to pairs of highly merged photons EXO-22-022 CMS-PAS-EXO-22-022
Search for Emerging Jets with full Run 2 data EXO-22-015 EXO-22-015
Search for HNL events with a lepton and a jet from a displaced vertex EXO-22-011 EXO-22-011
Search for long-lived Heavy Neutral Leptons in B-initiated decays using the CMS-B Parking EXO-22-019 EXO-22-019
dataset =
Search for new physics in high-mass diphoton events EXO-22-024 CMS-PAS-EXO-22-024
Search for HNL events with a lepton and a jet from a displaced vertex EXO-21-011 CMS-PAS-EXO-21-011
Searching for new physics detecting anomalies in jets EX0O-22-026 CMS-PAS-EXO-22-026 |Read the Physics Briefing here!
Search for heavy long-lived charged particles with large ionization energy loss EXO-18-002 CMS-PAS-EXO-18-002
Search for long-lived particles decaying into displaced jets - Run 3 EXO-23-013 CMS-PAS-EXO-23-013
Search for a resonance decaying to a W boson and a photon using leptonic W boson decays EXO-21-017 CMS-PAS-EXO-21-017
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-003/index.html
https://cms.cern/news/rich-collection-top-quark-mass-measurements-cms-experiment
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-004/index.html
https://cms.cern/news/novel-trail-simultaneous-probe-rare-top-quark-events
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-001/index.html
https://cms.cern/news/entangled-titans-unraveling-mysteries-quantum-mechanics-top-quarks
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-008/index.html
https://cms.cern/news/not-quite-single-136-tev-top-quark-comes-association-w-boson
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-013/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-015/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-006/index.html
https://cms.cern/news/cms-fired-shot-heavy-higgs-particles-and-gun-smoking
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-23-008/index.html
https://cms.cern/news/tau-or-muon-whats-your-favourite-gelato-scoop
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-23-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-022/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-015/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-019/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-024/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-026/index.html
https://cms.cern/news/can-ai-find-new-particles-its-own
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-013/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-017/index.html

Moriond

QCD

" Compact Muon Solenoid

searches for axion-like particles in ultraperipheral PbPb collisions at VsNN = 5.02 TeV

Search for dark matter produced in association with a single top quark or a top quark pair EXO-22-014 CMS-PAS-EXO-22-014

Energy scaling behavior of intrinsic transverse momentum in Drell-Yan events GEN-22-001 CMS-PAS-GEN-22-001

Search for H->gamma-+rho/phi HIG-23-005 CMS-PAS-HIG-23-005

Inclusive tt cross section in final dates with one lepton at additional jets at 5.02 TeV with TOP-23-005 CMS-PAS-TOP-23-005
2017 data

Measurements of the light-by-light scattering and the Breit—Wheeler processes, and HIN-21-015 CMS-PAS-HIN-21-015

Performance, etc.

The CMS statistical analysis and combination tool: Combine

CAT-23-001

CAT-23-01

Read the briefing here!

Luminosity measurement for the 2022 pp data-taking period - Run 3

LUM-22-001

CMS-PAS-LUM-22-001

m28>Q24 \ \ CMS Highlights \
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/GEN-22-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-015/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/CAT-23-001/index.html
https://cms.cern/news/cms-commitment-open-science-takes-next-step
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/LUM-22-001/index.html

CMS in the news

~ Compact Muon Solenoid

58th Rencontres de Moriond 2 0 24

24/03 to 31/03 :

Electroweak Interactions & Unified Theor

Very High Energy Phenomena in the Unive
31/03-07/04 :

Energy Interactions

AHention |
Sunday to
Sunday

"~ Compact Muon Solenoid

For all CMS briefings see:
cms.cern/cms-updates

CERNCOURIER | fgzsns
high-energy physics

Physics~ | Technology~ | Community~ | In focus | Magazine

HICGS AND ELECTROWEAK | NEWE

CMS closes in on tau g2

The CMS collaborativn has reported the first observation of yy = 7z in pp cullisions, selling a new

benchmark for the rau lepton’s magnetic moment.

CERN Courier News

CERN News
CMS Briefing

CMS-PAS-SMP-23-005

CMS Open Data Release

CMS releases 13 TeV proton collision data from 2016

214 (¢ 2 by GRS Sallanaraticn

he CMS exgeriment at CeRN is prouo Lo arnounce the frst release of 73 1eY proton-preton collisior data collected in 2018, Over 70 18 of 13 eV collision
T8 of ccrres atlons are now accassible o e global sclentfic community and enthuslasts aliks threugh the CCSN Open Data Portal.

Data recorded: 201
Run/Event/LS:2 2 [ 837399836 /

A candidale eventin wiich a lop guark is produced in associalion wiin a £ boson. Phcleor CEFN Docurmont Sorver

 ———————————————————
Probing matter-antimatter

asymmetry with Al

Using a cutting-edge Al algorithm, the CMS collaboration has obtained the first
evidence of CP violation in the decay of the strange beauty meson into a pair of muons

and a pair of electrically charged kaons

30APRIL,2024 | By CMS collaboration

The open CMS detector during the second long shutdown of CERN’s accelerator complex. (Image: CERN)

When we look at ourselves in a mirror, we see a virtual twin, identical in every detail except with left and right
inverted. In particle physics, a transformation in which charge-parity (CP) symmetry is respected swaps a
particle with the mirror image of its antimatter particle, which has opposite properties such as electric charge.

CERN News

The CMS experiment at CERN
measures a key parameter of the
Standard Model

With this measurement the LHC is again demonstrating its ability to provide very high-
precision measurements and bringing new insights into an old mystery

CMS releases Higgs boson
discovery data to the public

The collaboration has also made publicly available the software that it
developed to search for the unique particle

16 APRIL,2024 | By CMS collaboration 3APRIL, 2024

}’I’/l“ /

CMS event display of a candidate Higgs boson decaying into two photons, one of the two decay channels that were key to
the discovery of the particle. (Image: CERN)
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CERN News
CMS Briefing
CMS-CAT-23-001

The CMS experiment (image: CERN)

Last week, at the annual Rencontres de Moriond conference, the CMS collaboration presented a measurement

of the effective leptonic electroweak mixing angle. The result is the most precise measurement performed at a
hadron collider to date and is in good agreement with the prediction from the Standard Model.

CMS Briefing

CERN Press release

CMS-PAS-BPH-23-004

CMS Briefing

CMS-PAS-SMP-22-01(
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https://cerncourier.com/a/cms-closes-in-on-tau-g-2/
https://home.cern/news/news/experiments/first-observation-photons-taus-proton-proton-collisions-cms
https://cms.cern/news/disclosing-quantum-corrections-electromagnetic-interactions-tau-leptons
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-23-005/index.html
https://cms.cern/cms-updates
https://home.cern/news/news/physics/cms-experiment-cern-measures-key-parameter-standard-model
https://cms.cern/news/towards-new-precision-era-study-electroweak-interactions
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-010/index.html
https://opendata.cern.ch/docs/cms-releases-2016data-2024
https://home.cern/news/news/physics/probing-matter-antimatter-asymmetry-ai?fbclid=IwZXh0bgNhZW0CMTAAAR1UJLEoc-nidf7eglhVunI9Cf__CHNpZiuL_RtKhrYc1EEklBFA-eVP3Vo_aem_Aebwzs0AlJVYV3n965VPWK8W0XtwXzDUD3HYJ2xa89TnQIUDnyErxVTqSZ9nQM_P4RVO1FvlL4TYh7OztobtjF9e
https://cms.cern/news/probing-matter-antimatter-asymmetry-artificial-intelligence
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-004/index.html
https://home.cern/news/news/experiments/cms-releases-higgs-boson-discovery-data-public
https://cms.cern/news/cms-commitment-open-science-takes-next-step
https://cms-results.web.cern.ch/cms-results/public-results/publications/CAT-23-001/index.html

30 Years of CMS Project
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CMS

Ansar Igbal Felicitas Pauss Sergio Cittolin

Video interviews exploring the roots of the CMS collaboration
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https://www.youtube.com/watch?v=8ruYqtcF-7k

