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Present status of the CMS experiment at the Large Hadron Collider (LHC) is outlined. For many years, the NSC
KIPT has been carrying out work on processing CMS experimental information. In particular, the institute operates
a computing facility, which is a tier-2 (T2) center of the CMS grid infrastructure, T2_UA_KIPT, and the only
Ukrainian site processing LHC experimental information practically in a continuous (24/7) mode. In 2025, a wide
range of necessary changes were made in the T2_UA_KIPT configuration, and a high level of its reliability was
provided being one of the best among CMS T2 sites. Last year, 1.74 PB of CMS experimental information have
been transferred to the center for processing. Also in 2025, the full sample of 13 TeV proton-proton collisions
recorded in the CMS experiment for the LHC Run 2 was analyzed in order to search for a supersymmetry (SUSY)
signal, the direct pair production of the lightest chargions with their subsequent cascade decay to charged leptons
(electrons/positrons and/or muons), neutrinos, and the lightest neutralinos. The signal regions were optimized and
then used with statistical correctness to exclude a wide range of masses of the SUSY particles searched for.
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In 2025, Run 3 of the Large Hadron Collider (LHC)
was successfully continued with the record proton-
proton collision energy for accelerators of 13.6 TeV and
a peak luminosity of ~2-:10* cm s, which is 2 times
greater than the LHC design peak luminosity value. The
collider resumed operation (after a winter-spring break)
in early May, and proton-proton collisions were
supported until early November, and then, a run with
heavy ion collisions (Pb-Pb) was fulfilled for another
month. Runs with oxygen and neon ion beams were also
successfully completed in July. In 2025, the collider has
provided an integrated luminosity of ~126 fb™ for
proton-proton collisions, which is ~5 fb™ greater than
in the previous year 2024, thus making 2025 a new
record-breaking year. In early December, the LHC was
shut down for the scheduled winter break.

In the CMS experiment [1] during the LHC Run 3,
the rate of event selection by the high-level trigger
(HLT) [2, 3] for offline processing of proton-proton
collision data reaches a few kHz, which is up to several
times greater than over Run 2 (2015-2018) and by an
order of magnitude higher than in Run 1 (2010-2013).
As a result, a sample of events (proton-proton collisions
at 13.6 TeV) has been recorded in the CMS experiment
for 2025, which corresponds to an integrated luminosity
of ~115 fb™* thus setting a new record for data collection
in a single year. In total, the CMS has already
accumulated ~300 fb™ of experimental information on
13.6 TeV proton-proton collisions for the LHC Run 3
(2022-2025). It should be also mentioned that, in
addition to the conventional data-taking strategy, the
CMS also intensively utilizes the data scouting and data
parking techniques [4] to extend the data processing
capabilities of the experiment.

One of the priority tasks in the CMS experiment is
now continuation of the processing of the valuable
experimental material obtained for LHC Runs 2 and 3.
In 2025, a number of outstanding results were obtained,
and, first of all, these are new data on the properties of
the Higgs boson. In particular, based on the analysis of a
200 fb™* sample of proton-proton collisions, information

was obtained on spin correlations in Higgs decay into 4
leptons, which makes it possible to estimate possible
contributions of anomalous couplings and mechanisms
with violation of CP-invariance. In addition, the results
were presented [6, 7] on processing of Run 3 data to
estimate the Higgs pair production cross section. Events
with four reconstructed hadron jets initiated by a b
quark, as well as with two such jets accompanied by 2
photons, were selected in order to search for processes
with pair production of Higgs bosons decaying as
HH—4b and HH—bbyy. For these processes, upper
limits on the signal significance u (the ratio of the cross-
section obtained in the experiment to the one estimated
within the Standard Model (SM)) of 4.4 [6] and 11 [7],
respectively, were obtained at the confidence level of
CL=95.

Also in 2025, the CMS continued an intensive
search for signals of “new physics” beyond the SM —
additional weak bosons, manifestations of the lepton
flavor universality violation (LFUV), supersymmetry
(SUSY) and dark matter signals, etc. However, as of the
end of 2025, the CMS results turned out to be in a
satisfactory agreement with the SM. In 2025, the CMS
also obtained a number of important results on the study
of the SM phenomena. In particular, using a sample of
events recorded from 2016 to 2023 and advanced data
analysis techniques based on the machine learning, the
CMS experiment first observed the single top quark
production in association with a W and a Z boson in
proton-proton collisions [8] — an extremely rare process
that occurs only once in a trillion proton-proton
collisions.

The high intensity of the experimental information
flow over the LHC Run 3 tightens requirements set on
the data processing infrastructure. The NSC KIPT
specialized computing facility is an active element of
that distributed system, taking CMS data for processing
since the LHC startup in 2009. The facility operates
within the Worldwide LHC Grid (WLCG) as a tier-2
(T2) center of CMS grid infrastructure (where it is
registered as T2_UA_KIPT), and its resources are used
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for physics analyses of CMS data, as well as for the
Monte Carlo (MC) generation of CMS events.

In 2025, a wide range of work was carried out to
support operation of the T2_UA_KIPT center, which is
the only Ukrainian site where experimental information
from the LHC is processed in a practically continuous
(24/7) mode. It should be noted that 2025 (as well as the
previous 3 years) was very hard to provide a due
operation of the T2 UA KIPT site. Numerous
emergency situations were caused, in particular, by
failures of nodes and systems that had reached their
service life, as well as by continuation of the war in
Ukraine. In particular, such situations arose as a result
of strikes on the energy infrastructure of the Kharkiv
region and Ukraine as a whole, which led to emergency
power outages. In addition to solving problems related
to these emergency situations, a large amount of other
work was carried out during 2025 to provide the
functionality of the T2_UA_KIPT facility as a CMS
tier-2 center. In particular, detected hardware
malfunctions of the facility’s nodes were promptly
corrected, and numerous necessary system updates and
changes of its configuration were also performed in a
timely manner.

SiteReadiness 1 dav status ranking of Tier2Sites
for 2025-Jan-01 00:00:00 to 2025-Dec-31 23:59:59 UTC
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Fig. 1. CMS tier-2 site readiness ranking for the entire
year 2025 (see Ref. [9])

As a result of the work completed, the
T2_UA_KIPT center readiness for participation in CMS
data processing in 2025 (following the metrics adopted
in the CMS) was 95.3% (Fig. 1, which displays the
corresponding CMS T2 site ranking table given by Ref.
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[9]), and the center turned out to be one of the six most
reliable CMS T2 sites with the readiness indicator
exceeding 95%. In addition, a high rate of CMS
experimental information transfers to the T2_UA_KIPT
center for processing was supported (Fig. 2), which in
certain periods of time practically saturated the current
facility’s external link bandwidth of 10 Gb-ps. The total
amount of the transferred information for the year
reached 1.74 PB [10], which substantially exceeds the
total T2_UA_KIPT mass disk storage capacity of 1.1
PB. At the same time, more than 40 thousand
kHEPScore23 hours of T2_UA_KIPT computing
resources were utilized for CMS data processing (see
Ref. [11]), which was the only Ukrainian contribution to
the WLCG computing resources usage for processing of
LHC data for the year.
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Fig. 2. Daily averaged rate of CMS experimental
information transfers to T2_UA_KIPT site over 2025
from tiers 0 (CERN), 1, 2, and 3 of the CMS grid
infrastructure (see Ref. [10])
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In 2025, we also continued the physics analysis of
13 TeV proton-proton collision samples recorded in the
CMS experiment for LHC Run 2 with the aim of
searching for a SUSY signal, the direct pair production
of the lightest charginos with their subsequent cascade
decay into charged leptons (electrons/positrons and/or
muons), neutrinos and neutralinos. For this analysis, we
exploited the LatinoAnalysis software framework [12].
Compared to our previous consideration, a new
optimization was fulfilled for signal regions (SR). For
this purpose, the software code developed earlier to
obtain optimal SR through maximizing the signal
significance (ratio signal/[signal+background]"”) was
upgraded. As a result, 6 SR were determined based on
optimization over the missing transverse momentum
E;™* and the number of hadronic jets (either b-tagged
ones or jets without identification of their origin). The
analysis on the full Run 2 event sample was carried out,
with providing statistical correctness and excluding a
wide range of masses of the SUSY particles searched
for. For a greater correctness, all the results were
recalculated to eliminate discrepancies between versions
of the data and generated MC background and signal
event samples using a single UltraLegacy (UL) version
in all the cases.
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OBPOBKA JAHUX EKCIHEPUMEHTY CMS Y HHII X®TI

0. Kypoe, JI. JIeguyx, C. JIyk’anenxo, B. Ilonoe, O. IIpucmagxa, O. beznanos, JI. Kosanvosa

[IpencraBneno motounmit cran ekcriepuMeHty CMS na Benmkxomy amponnomy kxomaiinepi (LHC). IIporsrom
Oaratpox pokiB y HHI] X®TI BukonytoThCS poOOTH 3 00pOOKH EKCIIEPUMEHTANBHOT iHPOpMAIlii, STka OTPIUMYETHCS
B excriepuMenTi CMS. 3okpeMa, GpyHKLiOHYe crienianizoBaHuii iHpopManiiHO-00YHCIIOBATIbHUI KOMILIEKC, SIKHH €
uentpom 2-ro (T2) spycy rpin-indpactpykrypu CMS, T2 UA KIPT, Ta enuHUM OOYHCIIIOBAIBHUM LIEHTPOM
VYkpainu, B SKOMY NpakTUYHO B Oe3mepepBHOMY (24/7) pexumi BUKOHYETHCS OOpOOKa EKCIepUMEHTalbHOI
inpopmanii 3 LHC. V 2025 p. BUKOHAHO IIUPOKHH CIIEKTp HEoOXiqHUX 3MiH y KoH(pirypanii uenrpy T2 UA KIPT,
i 3a0e31e4eHO BUCOKMII piBeHb HOTO HaIIHHOCTI, SKUH CTaB OJHHUM i3 Halkpamumx cepen T2-caiitiB CMS. 3a ueit
yac o0csAr nepenaHoi 0 LEHTPY ekcnepuMeHTanbHOi iH(opmanii CMS mist 0o6pobku ckias 1,74 I16. Takox y
2025 p. Oyno BHKOHAaHO aHAJi3 TOBHOI BHOIPKH MPOTOH-TIPOTOHHUX 3iTKHeHb Hpu 13 TeB, 3apeectpoBaHuX B
exkciepumenti CMS y 2-my ceanci LHC, i3 meroro momryky curHamy cynepcumerpii (SUSY) — mpsmoro
HAapOJDKeHHS Tap HaMJIermuX 4Yap/pKiHO 3 iX IOJaNbIIMM KacKaJHMM pO3MaJoM Ha 3apsA/DKeHI JIENTOHH
(emeKTpOHH/TTIO3UTPOHH Ta/ab0 MIOOHH), HEUTPHHO Ta Haiiermri HeWTpaniHo. [IpoBeneHO onTUMI3aIlilo CUTHAIBHUX
obuacteil, Ha OCHOBI SIKMX 3/1MCHEHO aHaJIi3 JaHUX i3 3a0e3MeYeHHsIM CTATUCTUYHOI KOPEKTHOCTI Ta BUKJIIOUEHHSIM
MIIPOKOTO Jiarna3oHy Mac mrykaHux SUSY-uacTHHOK.
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