27.11.2024

o i ) CHARLES
20 onvesy WATLAS
Tons3

EXPERIMENT

Kinbue-Bonopap lNpuckopenunx
[lpoToHIB

= [ennc TimowuH S




CERN

% Centre European Research Nuclear

s Po3TalwioBaHe B NPUKOPAOHHOMY PerioHi Mix
®paHuieto Ta LBenuapieto

% 24 kpalH y4acHuKIB. YKpaliHa €
AcoLuinoBaHNUM YNEHOM



https://home.cern/
https://home.cern/about/who-we-are/our-governance/member-states

barara ictopis

% [apramenb (6ynbbalikoBa kamepa) -
HeuTparbHU CTpyM OyB BiaKpuTuUi Ha PS B
1973 poui

% UA1iUA2 (gpotoBa kamepa) - 6030Hn Z&W
6ynu BigkpuTi Ha SPS y 1983 poui

% BcecBiTHA naByTuHa (www.), 3acHoBaHa B LIEPH
y 1989 poui

% Exabyte - minnboH Tepabant gaHHnx (1018

bytes)

LIpoTtoBa Kamepa UA1 y My3ei *
Minana °




Large Hadron Collider

Y/
0’0

L X4

Benuknn AgpoHHuin Konangep

Kinbue 27 KM B OKPY>XHOCTI

F R AN CE

Cessy O Sauverny
o

Echenevex O

Versonnex le)
Ségny O

Sergy O

Saint-Genis-
Pouil

Geneva
0 S
Meyrin

O satigny

Rhéne

Lancy @)

Plan-les-Ouates O

Perly-Certoux O
O Bardonnex

Saint-Julien-
en-Genevois

O Collonge-Bellerive

KON X7 sWITZERLAND

Cologny O Choulex

Vétraz-

The CERN accelerator complex
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https://www.home.cern/science/accelerators/accelerator-complex

Ictopia LHC
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>

KoHuenuisa LHC 3acHoBaHa noyatky
1980-x pokiB, KON nonepeaHin
npuckoptoBay LEP we He npautoBaB

> byaiBHMUTBO TyHento 1983—1985
> LEP ocHaweHHsa 1983-1988

Hani 3ibpaHi y LEP HatsakHynu, wo
YaCcTUHKa, cxoxa Ha 6030H Xirrca, Mmae
macy 115 'eB

2000 poui LEP noyanu gemoHTyBaTH i
TyHeni Bukopuctanu ansa LHC

[MepLumnn TeCTOBUU CTPYMiHb NPOTOHIB Y
2008

Myck 1: 2009-2013 (7/8 TeV)

>  3HanageHa YacTuHKa, cxoxa Ha 6030H
Xirrca, 3 macoto 125 eB
Myck 2: 2015-2018 (13 TeV)
> Mo4 gucepTauiqa (poboTa TpmBae)
Myck 3: 2022-2026 (13.6 TeV)

> Pobora TpuBae

MikpoyacTOTHUN

pe3oHaTtop LEP

MikpoyacToTHUNA

pe3oHaTtop LHC



https://cds.cern.ch/record/43993
https://cds.cern.ch/record/43993
https://home.web.cern.ch/science/engineering/accelerating-radiofrequency-cavities
https://home.web.cern.ch/science/engineering/accelerating-radiofrequency-cavities

Ictopia LHC

MigHumn
Mikpo4yacToTHUM
PE30HAHCHUM
NPUCKOPOBaAY
LEP

Kynsa-nopoyxHuHa ans

36epiraHHsa enekTpoeHeprii. Y

HOBMWX pe3oHaTopax BOHa

BiACYTHS, D0 BOHWM NpaLOOTh Y

HaanpoBiaHoMy cTaHi. Oba P

pe3oHaTopu NpaLoTb Ha _g_u_MiKpoqaCTOTHMM

yactoTtax 350/400 Ml'y DE30HAHCHMIA
NpUCKOPOBaY

LHC



https://cds.cern.ch/record/2312570/files/9789814749145_0007.pdf
https://cds.cern.ch/record/43993
https://cds.cern.ch/record/43993
https://cds.cern.ch/record/43993
https://cds.cern.ch/record/43993
https://home.web.cern.ch/science/engineering/accelerating-radiofrequency-cavities
https://home.web.cern.ch/science/engineering/accelerating-radiofrequency-cavities
https://home.web.cern.ch/science/engineering/accelerating-radiofrequency-cavities
https://home.web.cern.ch/science/engineering/accelerating-radiofrequency-cavities
https://home.web.cern.ch/science/engineering/accelerating-radiofrequency-cavities
https://inis.iaea.org/collection/NCLCollectionStore/_Public/21/032/21032173.pdf
https://inis.iaea.org/collection/NCLCollectionStore/_Public/21/032/21032173.pdf
https://core.ac.uk/download/pdf/25273146.pdf
https://core.ac.uk/download/pdf/25273146.pdf
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TyHHenb B LEP



TynHeno B LEP i LHC

EneKkTpoHU Le eneMeHTapHi YaCTUHKK, Ha BIAMIHY Bif NPOTOHIB, WO CKMagatTbCA 3 KBAPKIB i
[MOOHIB, TOMY iX 3iLUTOBXHEHHS BinbLl YACTI, ane NPOTOHM MOXHa NPUCKOPUTU 40 BinbLumx
eHepriu

YacTuHKM NoBUHI ByTN 3apamKeHi




[etanbHiwe npo NPUCKOPHOBaNbHY NOPOXKHMHY
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The shape and the size of the cavity determines

the resonant frequency for the fu

Modes other than
fundamental mode
are called high-
order modes -HOMSs
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The cut-off frequency:

It above the fundamental
frequency, but below that of

dangerous HOMs
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http://case.physics.stonybrook.edu/images/a/a8/PHY554_Lecture_10_2020.pdf

KpioreHHa cucrema




Ma3zoBa cTadiNbHICTL

% 25ns =40 MHz
> YactoTa xBuni B NOPOXHUHI - 400 MHz
% 2556 ny4kiB y NPOTOHHOMY CTPYMEHI

on axis electric field (normalized)
1.0

>  CTpymeHb He By3nepepBHUM

\/

10 20 30 40 50 60 70 80 90 100 11C
position (cm)
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Ma30Ba CTabINbHICTD

YCi TpU YaCTUHKY Ha noYyaTKy NOPOXHUH MatoTb O4HAKOBY dhady, arne pisHi
LWIBWAKOCTI (NepLia KapTuHKa). YacTuHKa 3 CMHbOI GapBOKO B NyuLli
LWBMALIA 3a iHWi, Big4yBae cuUrbHe NPUCKOPEHHS, Ha BiaMiHY 3a iHWI (gpyra
KapTuHKa). YepBoHa 4yacTuHKa, HanUnoBiNbHila, Big4YyBae cnabke
NPUCKOPEHHS (apyra KapTuHKa). Ane yepes NPOXoM4KEeHHs Yepes
PEe30HaHCHUI MPUCKOPIOBaY - BCi BOHW KiHLLEBOMY MiACYMKY MalOTb
O HAaKOBI LWBMAKOCTI, *i HaBiTk 30epiratoTb hasy” - pasoBa CTabifbHICTb
(TpeTa kapTuHKa). Lle aBuwe [03BOMSE BUKOPUCTOBYBATU OOMH | TON e
NPOTOHHMI Ny4YoK BGaraTto pasiB 3 0AMHABOK NMPOAYKTUBHICTIO
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— Predicted ® ATLAS Achieved ® CMS Achieved --- Target

CboropenHa Ha LHC

< Jluctonapg - 3iLLTOBXHEHHS
BaXKKMX iOHIB

% [poTtarom lNMycky 3 Bxe 3ibpaHo
OinblUe AaHuX HiX nig vYac
ycboro [ycky 2

Integrated Luminosity [1/fb]

t
Apr May Jun Jul Aug Sep Oct Nov
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Protons physics
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| | Hardware commissioning
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https://home.web.cern.ch/news/news/accelerators/accelerator-report-ending-2024-lhc-proton-run-high-note

Iutepniopis | y A
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% Yci synnuyi CERN Ha3BaHi Ha yecTb
BifoMux ¢i3unkiB [route Veksler]

% LUEPH € nomom ansa HanbinbLoi

nonynauii AMKnx opxigen B 6acenHi

’KeHeBCbKOro o3epa, Tyt pocte 16

BUAIB

0

[ |


https://noms-geographiques.app.ge.ch/voie/geneve/route-veksler

TexHonorii Ta HaBuuku LHC

% HeobxigHi HaBruykuy angd
PyHKUiOHYBaHHA LHC

>
>
>

Vv

TouHa iHXeHepis
EnektpoTexHika
YnpasniHHA Ta agMiHICTPYyBaHHA

m  TexHika

m  JIIOACBKUIA pecypc
MalmnHobyayBaHHSA
Pi3mka

m  OnTumka

m Pi3vKa yacTUHOK

m [eopeTnyHa

m  TepMoguHamika

[MNo3uuii vy LlepHi

Jobs at CERN

. Radiation Testing Technician (BE-CEM-EPR-2024-183-GRAE)
CERN

Geneva, Geneva, Switzerland

1 day ago

. DevOps Engineer (IT-CD-PI-2024-189-GRAE)
CERN

Geneva, Geneva, Switzerland

2 days ago

. Cryogenic Engineer (TE-CRG-CL-2024-173-GRAP)
CERN

Geneva, Geneva, Switzerland

3 daysago

CAD Designer - Superconducting Magnets (TE-MSC-SMT-2024-164-GRAE)
. CERN
Geneva, Geneva, Switzerland
3 daysago

. Radiation Protection Technician (HSE-RP-AS-2024-105-LD)
CERN

Geneva, Geneva, Switzerland

3 days ago

Geomechanical Engineer (HSE-ENV-2024-156-LD)
. CERN

Geneva, Geneva, Switzerland

3 daysago

Geologist (HSE-ENV-2024-155-LD)
CERN

PR LR~ JUACUSA 5% UL [

15


http://ais.web.cern.ch/apps/sti/skills_e.pdf
https://www.linkedin.com/company/cern/jobs/

Kanopumetpu

LHC

dokycyrounin
MarHiT

16



https://cds.cern.ch/record/2284291
https://cds.cern.ch/record/2284291
https://cds.cern.ch/record/2284291
https://www.ibtimes.com/cern-lhc-update-large-hadron-collider-wraps-2016-run-after-smashing-through-collision-2456221
https://atlas.cern/Discover/Detector/Calorimeter

HoBIiTHI LMdPOBI piLLleHHS

CxoB gaHux

WORLDWIDE LHC
CCOMPUTING GRID.
(WLCG)



https://home.cern/science/computing
https://en.wikipedia.org/wiki/Worldwide_LHC_Computing_Grid#/media/File:Rack_of_Worldwide_LHC_Computing_Grid.jpg
https://cds.cern.ch/record/426351/files/p143.pdf

| 3BuyaitHo: Teopig!




LesKi yKpaiHCbKi BHECKM

HaropHa Jltoamuna

% Kpwucrtanu Bonbgpamary CBUHLIO
(PbWO4) bynu BusBreHi, npoaHani3oBaHi ,,
Ta po3pobsieHi ik KOMMNOHEHTW AN Rt
petektopiB ALICE ta CMS B IHCTUTYTI —
MOHOKpUcTanis, Xapkis
[1nacTUKOBI CUMHTUNATOPU ONA TPUrepHNX
CUMHTUNATOPIB 3 MiHIManbHUM 3MiLLLEHHAM
(MBTS) bynu gocnig)keHi Ta BUrOTOBIIEHI B
[HCTUTYTI CUMHTUNALIMHUX MaTepiarnis.,
Xapkis
% JocnigxeHHs Ta po3pobku Ta
BUNPOBYBaAHHS MyYKa CUMHTUNAUIMHOIO
mMartepiany ans BUCOKO3EPHUCTOrO
kanopumeTtpa CMS BMKOHaHO
XapKiBCbKNUM DiI3UKO-TEXHIYHUM
IHCTUTYTOM (XOTI)

[CA

7/
L X4



https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B3%D0%BE%D1%80%D0%BD%D0%B0_%D0%9B%D1%8E%D0%B4%D0%BC%D0%B8%D0%BB%D0%B0_%D0%9B%D0%B0%D0%B2%D1%80%D0%B5%D0%BD%D1%82%D1%96%D1%97%D0%B2%D0%BD%D0%B0

LesKi yKpaiHCbKi BHECKK

K72
L X4

Cepsep Tier-2 §

Y XOTI po3milLeHO UeHTpP
Tier-2 ob4ymcnoBanbHOI ;
GRID-iHdpacTpykTypw. n N Govs fom etk 5 of 508 o Wk 78 o1 Y038 T

KHY — ICMA — XOTI
3pobunu BHECOK y
TEXHOMOTrit0, NPONo3nLito,
MOJENOBaHHA Ta

° -

205 2006 2007 2008 2009 22010 2011 2012 2013 2014 22015 016 2017 2018 2019
Time

NPOTOTUNYBAHHA,

Te CT Ba H H ﬂ n po M e H ﬂ Ta US_FNAL Disk T1_US_FNAL Buffer  T2_CH_CERN = 2_Us M  T1_IT_CNAF _Disk
IT_CNAF Butfer 11 UK RAL Butte W 127US Purdue T2_UK_London IC 1 11RO JINR Disk

. .o . . _DE_KIT_Disk 3 T0_CH_CERN_Export B 77Us Florida B 127US Nebraska B 2_US_Wisconsin
_FR_CCIN2P3 Disk 9 XT1_UK_RAL Drsl W T17DE_KIT Buffer ¥ 12_DE DESY ® 72 DE_RWTH

I H H O Ba Ll'l M H I ﬂocn I ﬂ)l(e H Hﬂ ES_PIC_Buffer B 11 _FR_CCINZP3_Buffer TI_ES_PIC Disk 8 2Us_ucsD # TI_RUJINR_Buffer
UK RAL Disk W 127US Vanderbilt B 12_FR_IPHC B 1217 Legnaro T2_US Caitech

. 0_CH_CERN_Disk B 7T Bari & T2_FR_GRIF_IRFU B T27FR_GRIF_LLR 8 T2 EEEstonia

TH CSCs T2ROJINR B T2 ES_CIEMAT B TESTIFCA £ T2PL Swierk

CTa I H H ﬂ ﬂnﬂ H O BO rO _HU_Budapest B 2 BE_IHE = T27BR_SPRACE T2_BE_UCL 8 12_UK London_Brunel
AT Vienna & 2 h HP W 2 7KR K T2 UK SGrid_RALPP Plus 20 more

ST
Total: 10,171 TB, Average Rate: 0.00 TB/s ~

&

ntomiHomeTtpa LHCb

Probe for LUminosity
MEasurement

20


https://www.kipt.kharkov.ua/ihepnp/eng/files/expdosl.html
https://www.kipt.kharkov.ua/ihepnp/eng/files/expdosl.html
https://cds.cern.ch/record/2750034/files/LHCB-TDR-022.pdf

praIHCbKI CTYACHTH

' u

14 2
¥ 2024 §
! Q‘ “ '

- Penelope Hoffmann, University of Heidelberg, "Tracking Studies for the Upgrade II of the LHCb Experiment”
- Jonas Kann, RWTH Aachen University, Aachen, "Untangling the Cables: Streamlining Muon Detector Operation”

- Linnuo Zhang, University of Science and Technology of China, "(Re)discovery of the Doubly Charmed Baryon in LHCb-Ru

“' 2015

‘ﬁ’\ 4‘5’

)
‘0

- Francis Roy Beckert, University of Stanford, "Fourier analysis to improve calorimeter fast simulations: The 6 Seasons mo:

- Betul Dogrul, University of Bilkent, "RUST bindings for DIM"

From left to right:

Penelope Hoffmann, Jonas Kann, Linnuo Zhang, Betul Dogrul

Honourable mentions

From left to right:
Volodymyr Svintozelskyi, William Rose, Simona Dubs, Emile Caire, Johann Himbert

- Vitalii Lisovskyi, Kharkiv National University, "Search for 87

[ LN
NG

‘l

4 Y
V] )
Qﬂ 2019 Vs
‘i‘\ 4‘5?

- Kevin Syc, University College London (UCL),

"Development
- Vsevolod Yeroshenko, Taras Shevchenko National Universi
- Nicole Dolot, Babes-Bolyai University, "Mobile Logbooks -V

- Alessandro Scarabotto, University of Ferrara, "Tracking S

- Lukas Calefice, Technische Universitat Dortmund, "Search for the decay D*s(231

- Valeriia Lukashenko, University of Amsterdam, "Results of RICH CLARO calibrati

- Krzysztof Wilczynski, Warsaw University of Technology, "An alternative approach

- Michele Piero Blago, Universitat Heidelberg, "Simulation and reconstruction of the RICH upgrade test beam”

> \mu™ \nu_mu"

- Cristina Quast, Technische Universitat Berlin, "A wireshark-based verification tool for the new LHCb common detector read-out board”

21
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https://lhcb.web.cern.ch/Collaboration_prizes/Moritz_Karbach_summer_student_prize.html
https://lhcb.web.cern.ch/Collaboration_prizes/Moritz_Karbach_summer_student_prize.html
https://lhcb.web.cern.ch/Collaboration_prizes/Moritz_Karbach_summer_student_prize.html
https://lhcb.web.cern.ch/Collaboration_prizes/Moritz_Karbach_summer_student_prize.html

IHTepniogis |

% LEPH BuKopncTtoBye oBeLb A4 MIATPUMaHHA GayHW Ha TepuUTopii
edpekTVBHA i MpUpoaHa

% 70 oBeub i ABa bapaHW, CTaL0 YTPUMYE M'ATb rekTapis

% YnpoaoBxX noHaz 45 pokis

[BiBLLi B LlepHi]
[OX0poHa NprpoAHUX pecypcis]

22



https://cds.cern.ch/record/2272033?ln=en
https://hse.cern/content/protection-natural-resources

Mana Pumcbkuit y LiepHi

15 YepBHa 1982



http://cds.cern.ch/record/755021
http://cds.cern.ch/record/755021

Nanai-nama y LlepHi

30 CepnHa 1983




Xepsir lWonep

% [onoBHun gupekTop LlepHy, Lo 3yMiB nepekoHaTu Hauil 3aans
6yaiBHuutBa LEP -> LHC




CyyacHi BUMipIOBaHHS

CMS vy CERN BumipsaB macy \W-6030Ha

LEP combination
Phys. Rep. 532 (2013) 119

DO
PRL 108 (2012) 151804

CDF
Science 376 (2022) 6589

LHCb

JHEP 01 (2022) 036
ATLAS

arxiv:2403.15085, subm. to EPJC

CMS
This Work

CMS Preliminary
AU

my in MeV
— 80376 = 33 |

— 80375 + 23 q——o—1 —

| : I

| 804335+ 9.4 : —— —

| 8035432 | IL | N

| 80366.5 + 15.9 pi—.—| N

| 80360.2 + 9.9 Hemi .-
. —= EW fit

80300 80350

80400 80450
my (MeV)
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https://home.cern/news/press-release/physics/cms-experiment-cern-weighs-w-boson-mass

CyyacHi BUMipIoBaHHS

CnoctepexeHHs HanpigkicHiworo [inepiony
B LHCDb

(a) (b)



https://home.cern/news/news/physics/lhcb-investigates-rare-s-pmm-decay
https://home.cern/news/news/physics/lhcb-investigates-rare-s-pmm-decay

CyyacHi BUMipIOBaHHS

EkcnepumeHTtn LHC v CERN cnocTepiratoTb
KBaHTOBY 3anlyTaHIiCTb YV BUCOKUX EHEPrisax

EkcnepumeHT ATLAS po3kpuBa€E YTBOPEHHA Napu

TON-KBAPKIB PA30M 3 iHLUMMW BaXXKUMW KBApKaMu

28



https://home.cern/news/press-release/physics/lhc-experiments-cern-observe-quantum-entanglement-highest-energy-yet
https://home.cern/news/press-release/physics/lhc-experiments-cern-observe-quantum-entanglement-highest-energy-yet
https://home.cern/news/news/physics/decoding-top-quarks-precision
https://home.cern/news/news/physics/decoding-top-quarks-precision

Konaipepu MaitbyTHbOTro . Cosmemse,
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https://arxiv.org/pdf/1901.06150

Future

30
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eV

keV

GeV TeV

Astrophysics

Primordial
universe,
SN1987

A

e mass, Vv

CACRN G ICEITRNPPES" Ligher masses
Mesons factories § the energy
frontier

Feeble couplings
intensity frontier

decoupling, ...
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https://www.youtube.com/watch?v=vZ6bjKlkAno&list=PL1CFLtxeIrQr2ry47GGtUrpQdOFePVZtr&index=4

HapnpoBigHi pe30HaHCHI npucKoproBadi

https://www.youtube.com/watch?v=pQhbhpU9Wrg

https://home.cern/news/news/accelerators/large-hadron-collider-reaches-its-first-stable-beams-2024

https://cds.cern.ch/record/1401088/files/p277.pdf

https://home.cern/science/engineering/accelerating-radiofrequency-cavities

https://cds.cern.ch/record/19974247?In=en

https://uspas.fnal.gov/materials/210onlineSBU/Cryo/12%20-%20SRF%20Cavities.pdf

https://www.engr.colostate.edu/ECE581A3/Labs/RF%20Cavities.pdf

https://uspas.fnal.qov/materials/14UNM/RF Structures.pdf

https://www.youtube.com/watch?v=SmgOw3qYrZc

https://indico.cern.ch/event/792215/contributions/3408423/attachments/1917033/3170174/EasiSchool-2-SRF
accelerator cavities E.Cenni Final.pdf

33
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https://www.youtube.com/watch?v=pQhbhpU9Wrg
https://home.cern/news/news/accelerators/large-hadron-collider-reaches-its-first-stable-beams-2024
https://cds.cern.ch/record/1401088/files/p277.pdf
https://home.cern/science/engineering/accelerating-radiofrequency-cavities
https://cds.cern.ch/record/1997424?ln=en
https://uspas.fnal.gov/materials/21onlineSBU/Cryo/12%20-%20SRF%20Cavities.pdf
https://www.engr.colostate.edu/ECE581A3/Labs/RF%20Cavities.pdf
https://uspas.fnal.gov/materials/14UNM/RF_Structures.pdf
https://www.youtube.com/watch?v=SmgOw3qYrZc
https://indico.cern.ch/event/792215/contributions/3408423/attachments/1917033/3170174/EasiSchool-2-SRF_accelerator_cavities_E.Cenni_Final.pdf
https://indico.cern.ch/event/792215/contributions/3408423/attachments/1917033/3170174/EasiSchool-2-SRF_accelerator_cavities_E.Cenni_Final.pdf

