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ATLAS is celebrating 30 years

discovery potential.

CERN/LHCC/92-4
LHCC/1 2
1 October 1992

ATLAS

Letter of Intent

for a

at the

Abstract

General-Purpose pp Experiment

Large Hadron Collider at CERN

The ATLAS collaboration propases to build a general purpose proton—proton detector for
the Large Hadron Collider, capable of exploring the new energy regime which will become
accessible. The detector would be fully operational at the startup of the new accelerator.
The detector concept, the rescarch and development work under way to optimize the de-
tector design, and its proposed implementation are described, together with examples of its
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Construction period

LHC Runl Run?2 Run3 HL-LHC (Run4+5)
7+8TeV 13 TeV 13.6 TeV
30fb~! 190fb~! ~ 450 fb~! ~3000fb?
)b > D D D) ) 4
1992 2010 2015 2022 2029 2038
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ATLAS detector

One of the most complex scientific instruments ever built
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LHC

e Large
o built in LEP tunnel

o circumference of 27 km

e Hadron

o 6.8 TeV proton beams
o 1040 TeV lead beams

e Collider

o two beams colliding at 4 points
o bunch crossing rate of 40 MHz
o 70 p—p interaction per bunch X-ing
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ATLAS detector

Detector characteristics
Width: 44m
Diameter: 22m
Weight: 7000t

Solenoid CERN AC - ATLAS V1997
5 Forward Calorimeters

= 7 End Cap Toroid

Muon Detectors Electromagnetic Calorimeters

ATLAS

i Inner Detector | ' ieldi
Barrel Torald Hadronic Calorimeters Shisiciag

General purpose detector built to fully exploit LHC discovery potential
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ATLAS Collaboration

e 3000 physicists from 181 institutions from 42 countries

Argentina Netherlands

Armenia Norway

Australia Palestine

Austria Philippines

Azerbaijan Poland

Belarus Portugal

Brazil Romania

Canada Russia

Chile Serbia

China Slovakia

Colombia Slovenia

Czech Republic  South Africa

Denmark Spain :

France Sweden .

Georgia Switzerland AT LAS

Germany Taiwan

Greece Turkiye ]
Collaboration
Italy UK

Japan USA 181 institutions (244 institutes) from 42 countries
Mongolia CERN 'ATLAS
Morocco JINR EXPERIMENT
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CZ and SK contributions to ATLAS construction
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CZ and SK contributions to ATLAS construction

LAr Calorimeter MPX Radiation Monitors

e .
2 .=
- s
| b -
. «
1
= s B
1
.

i
J

Cu CTU FZU PU WBU CUB IEF

Tilecal X X X X

LAr cal. X
Inner Det. X X X

FWD det. X X X X X

MPX X X
Shielding X X

Inner Detector
‘%_Ev ' ‘\\ ; ‘.,l'*--‘:" -

A. Kupfo, Institute of Physics, Prague 30 years of CR and SR in CERN, 2022 page 10



Tilecal

Light mixers at CU
__ 3

(CU, CTU, FZU, CU Bratislava)

Tiles assembly at FZU

LV and HV Power Supplies

s | sy | vt | cumnr | comme | oemnn | s |

o= | e | e o -
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e submodules for 1/8 of Tilecal
e 3000t of low carbon steel

(Valcovny Dvir Kralové)

R. Leitner - ATLAS Tilecal project manager 2001-2005
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Inner Detector - Pixel detector

e Semiconductor Tracker (SCT)
e Transition Radiation Tracker

Pixel Detector at FZU

e production technology of pixel sensors

e Pixel Detector
K_/\ 3

T

21m e half of sensors delivered by ON Semiconductor

ATLAS Supplier Award for ON Semiconductor (2007)

e sensor mass production testing at FZU

PS5 Barrel transition radiation fracker
i V End-cap transition radiation tracker

e assembly at Dortmund, Genova, Bonn, and CERN

‘The ON Semiconductor Czech Republic foundry of Roznoy, Czech Republi

177
the technical specifcation for the ATLAS Pirel Detector. These sen
schedule and within budgel.

Design of the sensor

qui

must be bump-bonded, high yield is
achieved by ON Semiconductor was

per
=5 tequirement.

T The ATLAS Collaboration greatly appreciates the eficient

e performance of the ON Semiconductor Czech Republic f

significantly 10 the success of ATLAS.

Geneva, November 2007
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Inner detector - SCT

e sensor mass production testing (cu, ctu, Fzu)

e irradiation tests of strip sensors (rzv)

laser setup at CU testing box at CTU

e development of ID cooling system (ctu)

1158 cards delivered by TTC Prague
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Data taking and physics analyses

LHC Runl Run2 Run3 HL-LHC (Run4+5)
74+8TeV 13 TeV 13.6 TeV
30 fb~ ! 190fb~ ! ~ 450 fb~1 ~ 3000fb~ 1!

2D D D
2010 2015 2022

H — ZZ7™) candidate from 2011

H boson discovery in 2012

N ) B T l T T T T [ T T T T I T T T T i
QATLAS i, AR PR
http://atlas.ch L * N |
, 25 — [l background ZZ D Hozz 4
C B background Z + jets, # ]
20 [ ] signal (M;=125 GeV) h
T> T %% syst. unc. ]
(] B -
O 15[ \s=7TeV: [Ldr=4.8 fb~! N
U} - ot
g [ \b=8Tev:JLdr=58 ! ]
5 10 -
S [
ok
N 100 150 200 250
20110530 07:54:29 CEST my,; (GeV)

A. Kupdo, Institute of Physics, Prague 30 years of CR and SR in CERN, 2022 page 14



Operation

CZ/SK ATLAS operation and upgrade in 2020
e 332/220 shifts in control room or as experts on call

e 15.1/3.8 FTE of additional technical support

e 1.7/0 FTE at local Tier 2 computing center

19.2/0.4 FTE for HL-LHC ATLAS upgrade

in total 37/5 FTE of work recognized by ATLAS

2015 ATLAS Award

for Tilecal maintenance

for S. Némecek
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Computing

e ATLAS generates petabytes data per year 2

sites

10/2022: 300 PB on disk, 260 PB on tapes
650 000 simultaneous jobs

e hierarchical distributed model for computing

o Tier2 sites provide about half of capacity

countries

CZ Tier2 center (Fzu.cune) &
e part of the first LCG mash in 2003 h
e supports ATLAS, ALICE, Auger, CTA, DUNE
e disk capacity 11 PB and 13600 CPU cores

SK Tier2 center (cu Bratislava, IEP)
e supports ATLAS, ALICE
e disk capacity 5PB and 2000 CPU cores

Condor: slots usage

2021-04 2021-10

e

Condor cluster usage at Prague Tier2 Prague Tier2 (FZU,CU,NPI) CU Bratislava - IEP Kogice Tier2

A. Kupfo, Institute of Physics, Prague 30 years of CR and SR in CERN, 2022 page 16



Contributions to Physics Program

CuU CTU FZU PU CUB IEF

Soft QCD X X X X X

Jets X X X

Heavy lon (HI) X

EWK X X
B-physics X X X

Top physics X X X X X
Higgs physics X X

BSM X
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Soft processes induced by strong interaction

Minimum bias events (FZU, PU)

in most collisions protons are just softly touched
we observe a spray of soft (low pr) particles

at LHC, essential to understand their properties

up to about 70 p-p collisions per bunch crossing

1/Ng, -dN_ / dn | <02

hard to model, they need to be measured

first ATLAS measurement paper (March 2010)
Charged particle multiplicities at /s = 900 GeV PLB 688 (2010) 21

we contributed to all ATLAS minbias measurements

ATLAS

EXPERIMENT

7 - fiy event with =068

A. Kupfo, Institute of Physics, Prague
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Soft QCD - Diffractive events

e quite often proton at LHC survives the collision

—¥ oggp ~ 11mb

P - Pomeron i~ T0mb

arXiv:1312.3803

Rapidity Gaps

e authors of first diffractive analysis (rzv)

Detection of forward protons (ALFA/AFP)

ATLAS

ALFA AFP

beam line

beam line AFP ALFA

220-240 m
-+ > >

e strong HW contribution (cu, cTU, FzU, UP, WBU)
including timing detector reaching 20 ps resolution

e ALFA p-p total cross section PLB 761 (2016) 158 (CU, PU)

A. Kupfo, Institute of Physics, Prague

Rapidity Gap cross section at /s =7 TeV
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Photon induced processes

i I CERNC OURIER | Reporting on infernational
high-energy physics

¢ o vy — up differential measurement

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

PLB 777 (2018) 303 (FZU)

|| F HIGGS AND ELECTROWEAK | NEWS
G The LHC as a photon collider
- 15 August 2020
1 =
B I 2 A report from the ATLAS experiment

e first observation of vy — WW pLB 816 (2021) 136190 (FZU)

e based on rapidity gap technique

L
Future forward Part of the ATLAS forward-proton spectrometer. Credit: ATLAS collaboration

e 1st observation of vy — [[ with forward

protons tagged by AFP
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: A Eare ~ &
AFP il
PLB 816 (2021) 136190 (FZU) AP

PRL 125 (2020) 261801 (CTU, FZU)
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Jet physics

Run: 329716
Event: 857582452
2017-07-14 10:48:51 CEST

e jets - collimated spray of particles

fingerprints of quarks/gluons kicked out from protons
e most violent events produced by LHC
e jet transverse momenta (pr) up to ~ 3 TeV

Az - Ap ~ h = we reach scale of 1072m

'S‘ 1012— . T T T L B B T T ™
EXPERIMENT ) 9:_ anti-k, R=0.4 ATLAS —
O 10°F is=13Tev, 81nb*-3.210* ® ly|<05(x10) i
B 6 C O 05<ly|<1.0(x10% J
o 10 - B 10sl|<15(<10%)
—® O 15<ly[<20(x10°) —
% 10° C D .‘0000.. A ;z < hyll < 22 (x ig“) i
. . . . =00 L A 25<ly|<3.0(x10%) =
e strong contribution to high pr jet measure- g = 79000000, """-s..,.‘ =
_ 5 10°F " "ema,, O%% . 3
ments at /s =8 and 13 TeV (v, cry) %6 | Foon, --.""\GO%_* -
- Ei=! -
JHEP 09 (2017) 020  JHEP 05 (2018) 195 109 aay, 93
-, fhaa,, . 3
. . -12 [~ A —]
e results in good agreement with QCD WO by, M, Pe -
. . 107 :: Sys‘em?‘“?% *‘*‘ Z:
e quarks are point-like at least at 1072 m scale Lo E . L .
z Non-pert. corr. x EW corr. [ 5] E
10_21: 1 1 1 1 1 | 1 I| 1 1 I_:
10? 10°
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Heavy lon Physics

e very active HI group at CU

e goal is to understand properties of ultra dense and PHYSICAL
hot matter created in ultra-relativistic HIl collisions REVIEW
LETTERS

e jets as probes of dense and hot medium properties

s pebimbed weekconding. 17 DECEMBER 2010

1st observation of jet quenching at LHC

4 1 T LI e 4
40-100% \[Sy=2.76 TeV 0-10%
-~ g @ Pb+PbData ] - Llo ATLAS
= s B Pb+Pb"
g Op+p Data g ) + Lo 7+ 2
S CJHUING+PYTHIA] s int=1-7 U0 3
: s
: = i — .
A 1 A 1 i American Physical Society Eﬁg Volume 105, Number 25
0 1 0 L

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

A A, e Inclusive jet suppression
A = Et) —Er
Et| + E1> PRL 114 (2015) 072302, PLB 790 (2019) 108

PRL 105 (2010) 252303 . :
(2010) e jet sub-structure and fragmentation

e most cited ATLAS paper before Higgs discovery

PLB 739 (2014) 320-342, PLB 751 (2015) 376-395
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B-hadron physics

e very active groups

e plenty of contributions

BY — J/1 + ¢ channel
e great dedication from the start of LHC

(CU, CTU, FZU)

e Bs — J/1 + ¢ observation  atias-conF2011-050

o lifetime

ATLAS-CONF-2011-092

e CP-violating weak phase ¢ and width difference AI';

(©)

(@)

O

O

(@)

2011 data without tagging
2011 with tagging

2012 (tagged) data
2015-2017 (tagged) data

e more topics

o Oscillations also in the BY system (AT')

JHEP 08 (2016) 147
EPJ C81 (2021) 342
ATLAS competitive with LHCb!

JHEP 12 (2012) 072

PRD90 (2014) 052007

AT, [psT]
o
o

0.1

0.08

o (Semi)-muonic rare B-decays analyses (Bs — up, Bg — K* )

0.06

o Polarization of A baryons (Ag, Ap)

o Spectroscopy and b-hadron production (X (5568), b-pair prod.)

A. Kupfo, Institute of Physics, Prague
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Physics of top quark

e top quark - the most massive fermion

= = - T - 1T T
5 S ATI__AS -1 ’ E\?\:Zwvs E
e promising window for BSM physics 50k e merery
H.g-'_ E Fiducial phase-space ... Sherpa ' E
e cooperation between CZ and SK groups P - e E
] g 1073 at.+Syst. unc. E_
top production 5 -
_ w7 E
o tt production in [ + jets at 13 TeV (CUB) PLB 810 (2020) 135797 - ]
10'5_5 -
o differential cross section in [ + jets (PU) EPJ C79 (2019) 1028 P ' R — j
3
o diff. X-sect. in all-hadronic boosted (Pu) PRD98 (2018) 012003 &7 ost =
g 12 R
o Data so precise that NNLO is needed! g 081=-~'—“"“""_L-—J 3
— B . O: 200 400 600 800 1500
tt charge asymmetry P [GeV]
: L . _ EPJ C79 (2019) 1028
o t slightly wider in rapidity (y) than ¢ (2019)
Atz N(A]y| > 0) — N(A]y| < 0) A‘ ’ ‘ ’ ’ ‘ —— NNLOQGCD +NLOEW  ATLAS
— Y| = |Yt| — Y5 ---- C$,=05 V/s=13TeV, 139 fb~!
“ 7 N(Aly| > 0) + N(Aly| < 0)’ ' 00150 __ 1, -
. ; 4 combination
O tlny effect In SM 4+ single-lepton
= 0-010r 4 dilepton
o early analyses at 7 and 8 TeV (Fzu) JHEPO5 (2015) 061 PRD94 (2016) 032006 B IO D Y IS
o up to first evidence in full Run2 dataset (CUB) arxiv:2208.12095 0005/
A = 0.0068 + 0.0015  4.70 evidence A
Inclusive
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Physics of top quark

e top quark - main subject of study of CUB group

top quark properties
o top charge JHEP11 (2013) 03

o decay width I'tg, EPJCT8 (2018) 129
[top = 1.76 & 0.33(stat) T9-72 (sys) GeV

(the most accurate direct I'top measurement)

coupling to EWK gauge bosons
o associated production of tt and Z EPJ Cs1 (2021) 737
o first full Run2 measurement

o achieved 9.9% precision in inclusive cross section

top quark and W boson tagging
o study of various taggers for boosted top and W

topologies  (EPJ C79 (2019) 375)

A. Kupfo, Institute of Physics, Prague
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Physics of Higgs Boson

° - % 70:I T TT | T 1T | T TT | T TT | T 1T | T TT I:

H coupling to fermions 8 | ATLAS ¢ Daa :
© 60 —+/s = 13TeV, 139b~" Uncertainty -

- L H— ThadThad = g_)” (0.93 x SM) E

® H — TT Channel 550 :_VBF—1 SR B Other backgrounds
o F 1 Misidentified t 3

. . 40 - 3

o evidence in Runl data (Cu) JHEP 04 (2015) 117 : :

30 -

o precise measurement with full Run2 data sample (cu) JHEP 08 o0 E E

(2022) 175 10

0 111 II|IIII
o __I LI | T 1T | T 1T T 1T | T 1T | 1T I__
OH—yrr = 2.94 £ 0.21(stat) 937 (syst) 3 F ]
g _2OE_I 111 | 1111 | 1111 | 1111 | 1111 | 111 I_E
50 75 100 125 150 175 200
mMMC [GeV]
e search for ttH to multilepton final states (WW, ZZ, 77)
€ [ ATLASRun2 )
(CTU) PLB 749 (2015) 519 £ E ..
o direct test of Yukawa coupling between H and ¢ €fg 10'F iy E
o observed later in full Run2 data sample with 6.30 significance 10* D e o *
o et v o i
PLB 784 (2018) 173 10 / B - ElcE
e Yukawa couplings proportional to fermion masses o, o, ol
5<> 14:—““\ T T T T T T —
e fundamental prediction of SM k3 l :
1 - H
e confirmed by ATLAS measurements b ) 1 M e

Ll L
107 1 10 10?
Nature 607 (2022) 52 Particle mass [GeV]
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Our roles in ATLAS Physics management

Oldrich Kepka (rz)
Standard Model (SM)

Pavel Rezni¢ek (v
B-physics (2013-2015)

Martin Spousta ()
Heavy lon (2017-2019)

Martin Rybar ()
Heavy lon (HI)

A. Kupfo, Institute of Physics, Prague

SM Soft QCD and Diffraction
o K. Cerny (pu), S. Todorova (cu),
M. Tasevsky (Fzu), O. Kepka (Fzv)

SM Jet and Photon Physics - Z. Hubacek (cTu)

B-physics - Rare Decays

o T. Jakoubek (former FzU), P. Reznicek (cu)
B-physics - Physics with B — J /1)

o R. Novotny (former CTU)

HI Jet Physics
o M. Rybar (cu), M. Spousta (cv)

HI Correlations and Global Physics
o P. Balek (cu)

Top Reconstruction
o O. Majersk)’/ (CU Bratislava), |. Dado (former CU Bratislava)

Top Combination - T. Dado (former CU Bratislava)

Top Properties - S. Tokar (CU Bratislava)

30 years of CR and SR in CERN, 2022 page 27



Contributions to ATLAS management ||

ATLAS Construction Software and computing

e Tilecal project manager — R. Leitner (cu) e DDM Central Services Coordinator — . Kouba (Fzv)
e AFP installation Coordinator — P. Sicho (Fzv) e FastCalo Simulation Group Conv. — Z. Hubacek (cTu)
Operation & Maintenance Collaboration matters

e Pixel Run & DAQ Coord. — O. Kepka (Fzu) e FWD IB chair — M. Tasevsky (rFzu), V. Vorobel (cv)

e Pixel P1 Infrastr. Coordinator — P. Sicho (Fzu) e LAr IB chair — P. Strizenec (iep)

o Tilecal Maintenance & Infrast. — S. Néme&ek (Fzu) e chair of speakers committee

e Tilecal Data Prep. & Perform. — T. Davidek (cu) M. Tasevsky (Fzv), Z. Dolezal (cv)
e LAr Software & Data Prep. — P. Strizenec (IEP) e chair of Tilecal speakers committee
HL-LHC Upgrade J. Faltova (cu),T. Davidek (cu)

chair of LAr speakers committee — P. Strizenec (IEP)

e | Tk Strip Irradiation Tests Coordinatior
J. Kroll (Fzu)
e | Tk Strip Resource Manager — Z. Dolezal (cu)
e ITk Pixel Off-detector Services Coordinator
P. Sicho (Fzu)

e Tilecal Upgrade Software & Performance

T. Davidek (cv)

P. Strizenec (LAr DAQ)

A. Kupfo, Institute of Physics, Prague 30 years of CR and SR in CERN, 2022 page 28



Future - HL-LHC Upgrade

LHC Runl Run?2 Run3 HL-LHC (Run4+5)
7+8TeV 13 TeV 13.6 TeV
30fb~! 190fb~! ~ 450 fb~! ~3000fb~!
DD

2026 2029 2038
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ATLAS HL-LHC Upgrade

e Estimated cost 280 MCHF (1/2 of ATLAS cost)
e CZ/SK share 5.7/0.9 MCHF

e CZ major contribution (5.1 MCHF) to new tracker (ITk)

o testing 4500 sensors for one Endcap detector

o assembly of 750 modules for one Endcap disc

Barrel Layer Endcap Layer Endcap Petal

o I T LT

ABC130 hybrids modules  Si sensors
el

~400 petals

e SK major contributions
o Tilecal (CU Bratislava)
production of auxiliary control boards

o LAr calorimeter (IEP) - software development

A. Kupfo, Institute of Physics, Prague

Joint Clean Lab for ITk Strip at FZU

(CU,CTU,FZU,PV)

o clean room: 52 m?

o cleanliness ISO 7

o temperature stability 1°C
g o humidity control £10%
~ o ESD safe lab equipment

- . — g —
2 probe stations |

|
metrology station

dry storage cabine
flow boxes, ...

e cooperation with industry

o |ITk production database (Unicorn U)
o module assembly (Argotech)

o 99Co irradiation (UJP Praha)

60Co Terabalt, UJP Praha
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Organization of ATLAS Meetings

ALTAS CZ+4SK workshops
e Keeping CZ and SK communities

together

o 2015, PU in Olomouc

o 2016, University of Zilina
o 2017, FZU in Prague

o 2018, IEP in Kosice

o 2019, CTU in Prague

A. Kupfo, Institute of Physics, Prague

UP, Olomouc 2015

FZU, Prague 2017

ATLAS Overview Weeks

o Prague 2003

o Bratislava 2017

+ many more dedicated ATLAS Workshops

IEP, KoSice 2018
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Summary

e ATLAS represents for CZ and SK particle physics community an opportunity to participate
in the world leading experiment that pushes the field forward

e The community uses this opportunity very well
o Strong contribution of young physicists to ATLAS scientific program and results
o Strong contribution to the detector construction, operation, and upgrades
o Related R&D programs bring opportunities to our engineers and technically oriented universities
o This involvement generates opportunities for our industry

o Science made by ATLAS is attractive to general public
and it attracts students - 39 defended ATLAS PhD. thesis: 27 (CZ) / 12 (SK)

e CZ and SK groups are well recognized within ATLAS - vital contributors

e We are doing our best to continue to be vital contributors during the HL-LHC era
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