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ATLAS COLLABORATION
Belarus Institutes iIn—/" /4 ———<"3 20 %
the ATLAS =
Collaboration
» B.l.Stepanov
Institute of
Physics, National
Academy of
Sciences of
Belarus,
since 1994
> National Centre of &
Particle and High
Energy Physics at g
BSU, since 1996 &
ATLAS Collaboration comprises ~2900 scientists (~1000 PhD students); ~1900

authors from about 210 institutions around the world, representing 38 countries
from all the world’s populated continents 3







ATLAS & CMS IN COMPARISON WITH BLD.40 AT CERN
-

building 40

ATLAS at CERN
; : 6 stories

3
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ATLAS CONTROL ROOM IN POINT 1

e hits .
24/24 an

b

ATLAS Control Room at Point 1
| ——— _




REQUEST OF IP NASB DIRECTOR FOR PARTICIPATION
IN THE ATLAS COLLABORATION

HHCTUTYT ®H3UKH um. 5. H. CTEMAHOBA AKAJIEMHH HAYK
BEJ]_Q?ECCKOH ccp

IHCTBITYT ®I3IKI ima Bb. 1. CUSMAHABA AKAA3MII HABYK
BEJIAPYCKAH ccp

220602, r. Muics, TCH, Jiennacknit up., 70. Tea. 39-47-5
Pfc Ne 000120217 B IMepeomaiickoM oTA. I'lpo\auponﬁam\! r. Muucu:a

R Professor F.Dydak
Ha Ne__ l ,: ; 08 . 1 9 94 Professor P.Jenni
Aex  go VI L - AfY
3 oF F¥ - Dear colleagues!

Institute of Physics of the Academy of Sciences of Belarus (Minsk, Republic of Belarus) is
interested to participate in ATLAS project.

We can contribute to the simulation and to the design and fabrication of calorimeters and
connected subsystems.

For the long period of time our Institute is cooperating in its research program with our Joint
Institute for Nuclear Research (Dubna) coleagues from the group of prof.J. A. Budagov. As a result
of such collaboration our Institute has a large group of experienced physicists. We think joining of

_ Minsk efforts with efforts of Dubna colleagues will bring good results in our cooperation for ATLAS
. project realization.

Necessary information conserning our group you may request from dr.N.A.Russakovich.

Please be so kind to initiate the consideration of our request to join ATLAS project by ATLAS
scientific community.

Our coordinates at Minsk are Institute of Physics of the Academy
of Sciences of Belarus (IP ASB)

Avenue F.Skorina 70, Minsk 220602 Participation of the Corresponding Member

Republic of Belarus

B-mail s fanbelGadonisus msk.su NANB, head of laboratory of high energy

Fax is 007 - 0172 - 393131

Contact person‘from our side is dr. Yuri Kulchitsky who is now a long term visiting scientist to phySiCS I P NAS B P rOf. A.A. Bog USh and Ieader

prof.J.A.Budagov group.

His present mail address is Laboralory of Nuckar Problems scientist, IP NASB ATLAS team leader

i eomail i s Moscow 1, 11000, foussia Yu.A.Kulchitsky on an international conference
“ATLAS Collaboration week of meetings” for

T e iimiin o isn v s, PTESENtation of theoretical and Tile Calorimeter
Q Byt * Head of Laboratory of High Euergy Physis analysis results, CERN, Geneva 1996

Korresponding member of ASB A.A.Bogush




BELARUSSIAN PHYSICISTS IN LHC EXPERIMENTS

14 physicists from 8 Belarussian scientific organizations took
part in the 1st ATLAS — JINR International Conference
“JINR and Member States cooperation with ATLAS
experiment at LHC” Dubna, 28-29 October 1994

Y. Kulchitsky was the member of the Conference organizine committee

o

Participants of
the Workshop
“Belarus—CERN
cooperation for
experiments at
LHC”,
National Center
for Particle and
High Energy
Physics,
Minsk, 1996

26.02.2018



IP NASB PARTICIPATION IN THE ATLAS EXPERIMENT

» 15 December 1994: ATLAS submits the Technical Proposal for o
ATEAS

the experiment to the LHC Experiments Committee
» Approval to proceed with Technical Design Reports (TDR)
granted in early 1996, followed by the submission of one of the
ATLAS first TDRs “ATLAS Tile Calorimeter” '
» Teams all over the world built detector components and worked
on fmal technical developments

Team of IP NASB in the ATLAS Collaboratlon

1994 — ATLAS Technical Proposal:

A.Bogush, A.Dajneko, Y.Kulchitsky (Team Leader), 1.Satsunkevich,
M.Sergeenko, F.Zyazyulya

1996 — ATLAS Tile Calorimeter TDR:

M.Baturitsky, A.Bogush, A.Gazizov, V.Gilevsky, Y.Kulchitsky (Team Leader),
M.Kuzmin, M.Levchuk, l.Satsunkevich
- (Y.Kulchitsky contributed as an editor to the Calorimeter Performance section)

Corresponding Member NANB, ATLAS nowadays members: S.Harkusha, Y.Kulchitsky (Team

head of laboratory of high energy Leader), Yu.Kurochkin, M.Levchyuk, P.Tsiareshka, D.Shoukovy, Ya.Saprunou
physics, Prof. A .A. BOGUSH

O ATLAS: Technical Proposal for a general-purpose pp experiment at the Large Hadron Collider at CERN,
CERN-LHCC-94-43, LHCC-P-2 (Geneva, CERN, 1994), 272 pp.
O ATLAS Tile Calorimeter: Technical Design Report, CERN-LHCC-96-042, ATLAS-TDR-3 (CERN, 1996), 333 pp




SCS5TB SUPPORT BELARUS ORGANIZATIONS TO
PARTICIPATE IN THE ATLAS EXPERIMENT

KOMHTET I1O HAYKE U TEXHOJIOTHSAM

Munncrepersa o6pazosanns u Hayku Pecmy6anku Benapycs

KAMITOT IIA HABYIBI I TDXHAJIOITSX
MinucTapeTsa anykausli i HaByki Pacny6aniki Benapycs

220040, r.Mwunck, yn. M.Boraanosuua, 155

220040, r.Miunck, syn. M.Baraanosiva, 155
Ten. 34-90-52, daxc 62-34-31

T3, 34-90-52, dakc 62-34-31

06.01.1995

HuperTopy O6EenHMHeHHOTO Hucturyra
W 6 SnepHuix uccnenoanmil uneHy-
or 6.01.95 p. KoppecnioHaeHTy PAH

B.I' Kageimescromy.

Fny6oKkoysawaems i Bnaaunmup Feopruesny !

Hudopmupyro Bac, urto = PaMEax  KOOPAMHAUMOHHOIG [11aHa Hay4HbIX
HCCACHOBAHHHA, BbINOAHASMbIX B OMSIH, PAL KPYITHBIX Hay4HBIX LICHTPOB Pecnybnugi
Benapyces npopogur patoThl B pamkax sRcrrepeyenta Adas (tema Ne 02-2-1007-94/95
HTIT OHH), KOTOPBIH rOTOBUTCH Ha coylaBaemom B CERN pp-ronatinepe LHC
(AKeHena, IIsefapua).

KoMmuTeT no Hayke u TexHomorHaM Pecnybnuxn Benapych nojgepxRBae?t
YCHTHS GeNOpyCCKMX YYeHbIX M0 BHIMTOTHEHHIO HTOf hDyHIaMeHTanbHOM HayuHO-
HCCIeAOBATENBCKOM MNporpamMmbl XX 1 peka.

Komurter noarsepxnaer rotosnocTs yuenbix benapycu paforars cormecTHO ©
OMSIH 1 CERN Han  BhinodadeHieM DIMYECRHX 0 TeXHONOIHYeCKHX 3a1ay,
onpenengaeMaix nporpamMmoii ATLAS.

C ry6oRHM yBaxeHHeM,,

Ilpeacepatens Komurera no HayKe

H TEXHOMOIHAM, WIEH-KOPPECIIOHASHT

AHB / H.B.Pymax
Vo e

1994 — 1995 Chairmen of the
State Committee of Sciences
and Technology of Belarus,
Corresponding Member
NANB, Prof. N.V. RUMAK

11



THE CONSTRUCTION MOU WAS SIGNED BY SCSTB

The Construction MoU was
signed by all initial ATLAS
Funding Agencies in 1998-1999

And new partners also signed
Addenda to the MoU when they
joined later on

1997-2000 Chairmen of the State

Committee of Sciences and Technology

of Belarus,

Prof. VA.GAISYONOK

Armenia
Australia
Austria

signed sigreed by
date

10/T198 R. Mkrichyan]|

26/5/98 5. Tovey

18/6/98 R. Kneuker

Brazil
Canada

China

Czech Republic
Denmark
Finland
FRAMNCE CEA
France IN2F3
Georgia
Germany BMBF
Germany MPI
Greece

Israel

Italy

Japan

JINR

Morocco
Hetherlands
MHorsay

Poland
Portugal
Romania
Russia

Slovak Republic
Slovenia

Spain

Sweden
Switzerland
Turkey

United Kingdom
US DoE + H5F
CERN

26/5/98 F. Suransky, J. Niederle
26/5/98 E. Larsen|
26/5/98 E. Byckling|
6/1/39 C. Cesarsky
BI6/98 C. Detraz|
22111199 A Tavkhelidze
12/6/98 H. Schunck
2214/99 V. Soergel|
15/6/98 E. Floratos
176598 0. Horn|
28/5/98 L Maianil
2306198 H. Sugawara
10/6/98 AN. Sissakian
1/6/98 _ 5. Belcadi
15/10/98 G. van Middelkoop
2216/98 K. Kveseth]
Z8/5/98 J. Frackowiak]
5/6/98 A Trigo de Abreul
307198 V. Lupeil
10M10SRE M. Kirpichnikow
TITI98
1571299
30/4/98
29/4/99
2615198
2/6/98 0. Ulkii|
14/7/98 LG. Halliday
26/10/98 | O'Fallon, N. Lightbody, T. Kirk, W. Willis
26/6/98

V.G. Goggi|
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SCS5TB AGREEMENT ON MOU OF ATLAS EXPERIMENT

ATLAS COLLABORATION

ATLAS COLLABORATION - MoU for M&O CERN-RRB-2002-035

The European Organization for Nuclear Research (CERN)

The European Organization for Nuclear Research (CERN)
and

and

State Committee for Science and Technology of the Republic of Belarus, Minsk The State Committee on Science and Technologies of the Republic of

Belarus

declare that they agree on the present Memorandum of Understanding for the
ATLAS-Bxpertmenk declare that they agree on the present Memorandum of Understanding for the ATLAS

Experiment.
Done in Geneva Done in Geneva
Done in Geneva Done in Minsk
— 7
30th April, 1998 W (/ 303 9
on P on 2hth June, 1998 on ﬂ/ HCW LDZ@S on Z = j/
10N £ For CERN For the State Committee on Science and
s 0’4, State Committee for Science and Technologies of the Republic of Belarus
For CERNJX (,ﬂ For Technology of the Republic of Belarus
1

o) ©

° CERN 2

< 2

)

o &P
% &
el
’C'{—’d‘ﬁ % [7 %\S_E/ﬂgelen
7 Chief Scientific Officer
Lorenzo IQA

Deputy Director-General
Director of Research

V.A. Gaisyonok

26.02.2018 LHC days in Belarus, Y.Kulchitsky 12
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Since 1995 there are ATLAS Resources Review Board meetings twice a year

T aaT
——

- ’

—

¥ LHC Exp. Prog 15

Peter Jenni (CERN.a

26.02.2018 LHC days in Belarus, Y.Kulchitsky




IP NASB DIRECTOR SUPPORT TO PARTICIPATION
IN THE ATLAS COLLABORATION

UHCTUTYT ®PU3HUKH um. 5. U. CTEMAHOBA AKAJEMWH
BEHQD/CCKOH ccpP

IHCTBITYT <@I3IKI ima B. I. CUSIITAHABA AKAJIMII H
BEJIAPYCKAH CCP

220602, r. Munck, I'CI1, Jleuunckuit np., 70. Ten. 39-47-55
P/c Ne 000120217 B IlepBomaiickom ota. I'lpomcTpoiiGanka r. MHHCKa
Ne_

fa 7 Burite-gupexTopy OWAN

- 9 1 npod. Cucakany A.H.
06 01 1995 HupexTopy JISAIT OUSAU,
L ~ " " PYKOBOAHUTEIIO paboT IO IPOEKTYE ™
moxTopy &d.-m. Hayk PycakosBii®
Konusa: pagansanxy HOOMAIT

npod. Bymaroy FO.A.

Iny6okoyBaxxkxaeMmblii Anekceir HopaiipoBua!
I'ny6okoyBaxkaembiii Hukosan AprembeBuqd!

Hrnemumym dusuru Axademuu nayrx Pecnybaurxu Beaapych 3amETepecoBaH B yYdacTHHI

coBMecTHO ¢ O6bedurnennvim Uncmumymom Adeprorr Uccaedosaruli B paboTax 1o IIpPpoOeK- V|S|t |n 1995 Of JINR delega‘t'on in

Ty ATLAS nm B ITpoBemeHNU >KCTIePUMeHTOB Ha PP Koimnaiinepe LHC (IIEPH, >Kenesa).

O6pairraeMcs K BaM ¢ mpocs60il paccMoTpeTh Bonpoc o BKIodeHun M P AHL B mpo- MlnSk fOI‘ dlSCUSS|On Of the TI|€C8.|
61emHEO-TeMaTwaeckuit nax QU S U o teme ATLAS (tema N2 02 — 2 — 1007 — 94/95) B -
cocTaB ee HUCIoJIHuTeeil coBmecTHO ¢ Jlabopamopuew Adeprnvix Ilpo6aem (oTmen MOdUIe'O pFOdUCtIOH PerSOHS
pod. Bymarosa FO.A..). H .
B cayuae Bamrero corsiacus npemiaraeM 3aKIIOUMATE JOTOBOP O COTPYAHMYIECTBE MEXKIY from Ieft to “ght prOf N ' M '
HAIIIIMHR OPraHU3alusIMMI, B KOTOPOM OyAyT KOHKPETH3UPOBAHBI COMepXKaHUe U >Tallbl ShumeIkO (DlreCtOI’ National
. . ’

COBMECTHBIX ]_)}LG()T.

PykxoBonurenem 11)216()1* oT HH(:Tnu,'rny;nz A(/).'II,.’J’II,N'II:J Arxademuu nayx Pecnybauru Beaapyce Centre for Particle and ngh

o npoekTy ATLAS aBasercs cTaplidil HAy9IHBII COTPYOHUK JlaGopaTopnu GU3UKH BbI- . .

coxkmux sHeprunl Kynasunrkui FOpur AleKkcaHapOBHI. Energy PhySICS), YA KUIChItSky
> (leader scientist of IP NASB), cand.

C yBakeHUeM, \/’, QCL' Ll JupexTop WP AHB, Of phyS'math SCIenc_:eS _Yl:IF

i axamevux AHB Anamacesms IT.A. Lomakin (head of scientific sector,
= e ’!’ = Ao o)
AdSeppaamy SNEE o EES LNP JINR), prof. J.A. Budagov

(head of Department LNP JINR), **



COOPERATION WITH CERN ATLAS TEAM

Our participation in the
ATLAS Collaboration was
ATLAS 8 / in close contact with the
' ATLAS Collaboration
Spokespersons
Prof. Peter Jenni
and Prof. Fabiola Giannoti ‘t

Our participation in the ATLAS hadronic barrel scintillator-tile calorimeter
subsystem was very fruitful in close cooperation with TileCal Project
Leaders: Dr. Marcio Nessi, Dr. Ana Henriques and Dr. Oleg Solovianov

R o
: 4'-".,.‘“

LHC days in Belarus, Y.Kulchitsky




COOPERATION WITH JINR FOR TILE CALORIMETER

In period of 1993 — 2010 our team
works in the close contact with
JINR ATLAS Team under
leadership of Prof. Nikolai
Russakovich, the former member of
the IP NANB

Science 2010 our team
S f}__ works in the close contact
with JINR ATLAS Team

s
‘” o under leadership of Prof.

- -y = Vadim Bednyakov
Pall CUWIRNA g
For Tile Calorimeter design development, modules production, calorimeter construction and performance
study our team works in close contact with JINR TileCal team under the leadership of Prof. Julian Budagov

and Prof. Jemal Khubua

13



ATLAS EXPERIMENT SUPPORT +¥ROM BELARUS

T 3 |

L) "’

Visit of the Deputy Chairman of SCSTB V.Nedilko .
to the ATLAS at LHC in period of Tile Calorimeter ¥
construction in the cavern in 2006. Y. Kulchitsky

discusses the subject.
The meeting in the Directorate of IP NASB during
the visit of ATLAS Collaboration Spokesman
Prof. P. Jenny to Minsk in 2006

Chairmen of the State Committee of
Sciences and Technology of Belarus
(SCSTB) supports the participation of
the Belarus institutes in the ATLAS
Collaboration: N. Rumak, V. Gaisenok,
A.Lesnikovich, I. Voitov, A. Shumilin
and Deputy Chairman of SCSTB
V.Nedilko.

Vise-Chairman of NASB Academician
S.Kilin supports the participation of the
Belarus institutes in the ATLAS at LHC.




BELARUS ACADEMY OF SCIENCES ABOUT LHC AT CERN

As Vice-Chairman of the NASB Presidium
Sergei Kilin said before the meeting NANS
Belarus — JINR at 19.11.2015: “Belarusian
researchers would be discussing the possibility
%% of participation in new projects at the Large
=== Hadron Collider. Belarusian science works in
a range of areas: high energy physics, solid
state physics, including elements of
8 microelectronics and microtechnology.

Ander the leadership of Vice-Chairman of the NASB Presidium Sergei Kilin the
"Integration of Belarusian Scientists into Research Programs of Leading
International Nuclear Physics Centers“ was held at 26-28/04.2017 in NANB. The
final Declaration adopted by the Symposium participants states that Belarusian
scientists are interested in involving our industrial capabilities in the development and
creation of large-scale experimental physical facilities, as well as in processing data
being obtained with their use. One of the proposals received during the summing up of
the Symposium was to create a Coordinating Committee in order to better organize
scientific activities in the field of nuclear physics. NASB would like to install closer
cooperation with CERN, JINR, ... and we suppose that Coordination Committee will
play here crucially important role. 15



& TOROIDAL LHC APPARATUS (ATLAS)

Calorimeter: EM and Hadronic energy

(u Trigger/tracking and Toroid Magnets) » Liquid Ar (LAr) EM barrel and End-cap &

Precision Tracking: Hac_lronlc Epd-cap . .
- MDT (Monitored Drift Tubes) » Tile calorimeter (Fe-scintillator) Hadronic barrel

Muon spectrometer

» CSC (Cathode Strip Chambers) n| >2.4
Trigger:
* RPC (Resistive Plate Chamber) barrel

« TGC (Thin Gas Chamber) endcap

Inner Detector (1D \ A\ L[ T Y g Drdeir 7. g

Tracking; 2T Solenoid|Magnet AN/ i e e T

e Silicon Pixels 50 x 400 pum? T = < S\

« Silicon Strips (SCT) 40 um { Mol DN ! e
rad stereo strips | \ S ey

« Transition Radiation 5
Tracker (TRT) up to 36 -

. Hadronic Calorimeter
points/track EM Calorimeter

Pixel Detector

................. Transition Radiation Tracker

|
Two Level Trigger sy\stem /| [foroid magnets] | semiconductor Tracker
« L1 - hardware: 100 kHz, 2.5 pus latency ~[WuonSpectrometer [ Solenoid Magnef]
 HLT — farm: merge the former L2 and 7 OOO tO ns
Event Filter 1.5 kHz, 0.2 s latency

26.02.2018 LHC days in Belarus, Y.Kulchitsky 19



ATLAS IRON-SCINTILLATOR HADRON TILE CALORIMETER

Barrel and Extended barrel Tile iron-scintillation hadron calorimeter is the most central
region of the ATLAS detector. It uses iron plates as absorber and plastic scintillating
tiles as the active material. Scintillation light produced in the tiles is transmitted by
wavelength shifting fibers to photomultiplier tubes (PMTs). The resulting electronic
signals from the approximately 10 000 PMTs are measured and digitized every 25 ns
before being transferred to off-detector data-acquisition systems.

H Photomultipi
Tilecal R it

. / Wavelength shiting fiber
%0 ‘ gth shifting

5o
% 2 / Scintlator el

17



ATLAS CALORIMETERS

-

‘.';Q,‘ b S=aal > \ery stable performance

-

EF » gu.r___'_;:f-_? » Improved stability of new Tile power
ey gy supplies
_ { > Good operation efficiency: 99.4% LAr
- "‘ | and 100% Tile
=4 > LAr using 4 sample readout to achieve

100 kHz

C>ATI AC

hitp://atlas.ch

26.02.2018 LHC days in Belarus, Y.Kulchitsky 21




ATLAS Preliminary
\s=13 TeV, 37.0 fo’’

e Data
— Background fit
—— BumpHunter interval
c@-- @5, m =40TeV
*, m:. =5.0TeV

Events / Bin

q*, ax3

These jets can provide a wilte | | e o
physics phenomena, and allow ATLAS:,  ° vi<os
physicists to search for@ii‘edié?ars between

Standard Model and da?k'mattelf”’particles oF
other hypothetical objects such asnon- =3
elementary quarks, heavy “partners™ of known
Standard Model particles or miniature quantugs-
black-holes A

ATLAS

EXPERIMENT <

Run: 305777
Event: 4144227629
2016-08-08 08:51:15 CEST




EXPERIMENT




HIGH P, MULTI-JET EVENT AT ATLAS AT 13 TEV

Run: 282712

E t: 474587238
EXPERIMENT  2015-10-21 06:26:57 cast

26.02.2018 LHC days in Belarus, Y.Kulchitsky




ATLAS HADRONIC TILE CALORIMETER MODULE-ZERO
In cooperation of IP NASB and JINR with

Physical Technical Institute National 6% flemogoe,
Academy of Sciences of Belarus: B ey |

Study of the possibility to use a laser T
cutting system for production of master m;’)ﬁj',‘,"j;m{ﬁ;v% %

and spacer plates for ATLAS Tile
Calori\peter Module-zero.

ry i

The team of PTI NASB was under
direction of Prof. Alexander Alifanov
and Dr. Valery Golubev

21



ATLAS HADRONIC TILE CALORIMETER MODULES

For the ATLAS hadronic barrel iron-
scintillator Tile Calorimeter (RD34):
we took active part in the design,

modules mass production,

construction, installation in the cavern,
study of the ATLAS combined barrel
Calorimeter and Tile Calorimeter
performance in the test beam on SPS
(CERN) in pion, proton, electron and

muon beams with energy

——

oy

3-350 GeV

1999, CERN" puimim . \

v 7 ';"
| 'i}

I

Main publications:

1.
2.

J. Abdallah et al, JINST 8 (2013) T11001

J. Abdallah et al, JINST 8 (2013) P01005, ATL-
TILECAL-PUB-2008-005, CERN, Geneva

J. Abdallah et al, ATL-TILECAL-PUB-2008-001 (2008)
V.Batusov, Yu.Budagov, Y.Kulchitsky et al,
Phys.Part.Nucl. 37 (2006) 785-806

J. Abdallah et al, Trans. Nucl. Sci. 53 (2006) 1275-1281

20



ATLAS HADRONIC TILE AL@R[METER TEST BEAM

Study of Tile Calorimeter
performance using barrel
module-zero, production barrel
module and two extended barrel
modules on SPS (CERN) pions, §
protons, electrons and muons
beams with energy from 10 to
350 GeV. The Tail calorimeter
energy resolution, and linearity
were investigated. The
electromagnetic calibration of
11% of TileCal modules has
been made.

Participation of physicists from IP NASB (Y.Kulchitsky, M.Kuzmin)
in the performance studies of Tile Calorimeter production modules
P.Adragna et al, Test beam studies of
production modules of the ATLAS tile
calorimeter, NIMAG606 (2009) 362-394,

ATL-TILECAL-PUB-2009-002

+90
Scratch of the test beam set-up for —

TileCal modules in 1996 — 2004




PREPARATION TILECAL MODULES TO TEST BEAM

In the first line: 1. Minashvili (JINR), R.Stanek (TileCal project leader, Need Lotsa
USA), M.Kuzmin (Belarus), Y.Kulchitsky (Belarus) made installation of a Guys
Drawer in the TileCal Long Barrel module for test beam §g1up i Py

s MRS

!/




ELECTROMAGNETIC CALIBRATION OF TILECAL

With the aim of establishing of electromagnetic scale and understanding
of performance of the Tile calorimeter to electrons 11% of modules have
been exposed in electron beams with energies from 10 to 180 GeV by
three possible ways: cell-scan at & = 20° at the centers of the front face

odule side cells.

cells, »#7-scan and tile-row scan at 6 = 9Q° for th

The energy
C,=1.050+0.003 pC/GeV

E

o S=2 40¢ resolution for
—eT electron at 20° is

Events

1

ol o 28%
JE

The electromagnetic
j calibration constants

for electrons at 8 =20°

®D1.2%

0 r

G S s AP
r.'z:-f:/;f/w/‘»\s’/w’&’/:«\f‘!»:r &

0

07 08 09 1 11 12

R,(nC/GeV)
The obtained calibration

constants have been included in
the TileCal calibration database

D.Pantea (Romania), Y.Kulchitsky (Belarus), J.Budagov (JINR), and

S.Tokar (Slovakia) studied TileCal performances in the test beam
control room on SPS CERN

Y.Kulchitsky et al. Electromagnetic cell level calibration for

ATLAS TileCal modules, ATL-TILECAL-PUB-2007-001 24



TEST BEAM STUDIES OF THE TILE CALORIMETER

The test beam studies of 11% of the production ATLAS Tile Calorimeter modules has

been performed. The studies used muon, electron and hadron beams ranging in energy from 3 to
350 GeV. Over 200 calorimeter cells the variation of the response was 2.4%. The energy
linearity and resolution with energy were measured. The mean response to hadrons of fixed
energy had an RMS variation of 1.4% for the modules. The response to hadrons normalized to
incident beam energy showed an 8% increase between 10 and 350 GeV, consistent with
expectations for a non-compensating calorimeter.

Soodf -3 Thefractional

'% 0.92z—'"'""'e'/'h"""'Z"'l";3"3:|:0"."06:|:0"."0'2""""“"“""""—i energy resolution 16} """ E Je 0 S -
- 1 for pions atn=0.35

as a function of g :
beam energy 12:.. ................................................................................................................................ -
Experimental data |, f

o/E (%)

>

@

~ O

. -4 (circles) and Geantd | & o -
0.78;— .............................................................................................................. _; Slmula’“ons B @ T —
0.76 e (squares) are in o
10 10? P AP R T AT AP ST

. _ Exeam (GeV)  §0Od agreement. 005 01 015 02 025 03 035

Normalized pion response vs. energy INE.__ (GeV''?)

of incident pions at n=0.35. The non- p, Adragna et al, Test beam Studies of Production Modules of
compensation of tile calorimeter is  the ATLAS Tile Calorimeter, NIM A606 (2009) 362;
e/h =1.33+0.06+0.02. TILECAL-PUB-2009-002
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2860mm | ]

lination of cryostat = 11.25°
2 ¥

Schematic of the test beam setup 2004

‘8 1. Response and Shower Topology of 2 to 180 GeV Pions
Measured with the ATLAS Barrel Calorimeter at the
CERN Test—beam and Comparison to Monte Carlo
Simulations, ATL-CAL-PUB-2010-001
2. Results from a new combined test of an
£ electromagnetic liquid argon calorimeter with a hadronic
| scintillating-tile calorimeter, NIM A449 (2000) 461-477
3. Results from a combined test of an electro-magnetic
S liquid argon calorimeter with a hadronic scintillating tile
calorimeter, NIM A387 (1997) 333-351
THRS i *_ 4. Study of the response of the ATLAS central calorimeter

Nijmegen, December 2004 © % t0 pions of energies from 3 to 9 GeV, ATL-COM-GEN-
2009-001 26




ATLAS COMBINED CALORIMETER TEST BEAMS

A combined tests of an electromagnetic liquid argon accordion calorimeter and a
hadronic scintillating-tile calorimeter was carried out at the CERN SPS. These devices
are prototypes of the barrel calorimeter of the future ATLAS experiment at the LHC.
The energy resolution of pions in the energy range from 10 to 300 GeV at an incident

angle of about 12° is well described by the expression o | 41.9 % 1.8%
. . = +1.8% |
where E is in GeV. Shower profiles, shower leakage E JVE
and the angular resolutlon of hadronlc showers were also studied.
419%/VE+18%)® 1.8/E *
[ O 94 Cell weighting
@ 96 Bemchmarks
% 96 Cell weighting Q
0005 Toa s 02 025 03 03

1/VEseam (GeV™?)

Pion fractional energy resolution obtained with the cell
weighting technique. The results are compared with
those obtained by applying the benchmark method

M.Kuzmin, Y.Kulchitsky (Academy, Belarus) and
S.Malyukov (JINR) in the test beam control room



HADRONIC SHOWER DEVELOPMENT

The lateral and longitudinal profiles of hadronic
showers detected by a prototype of the ATLAS Tile
Calorimeter and Combined calorimeter have been
Investigated. Using a fine grained pion beam scan at ’5,5,:.“ e
100 GeV, a detailed picture of transverse shower W R
behavior is obtained. The underlying radial energy Y
densities for four depth segments and for the entire B "ﬂ‘--... L
calorimeter have been reconstructed. A three- )
dimensional hadronic shower parametrization has been

developed 4£&) _ on(i)” e ( (_&)1) - &
P dx e \x) e halber LO-30)x) 9 " i

1 —w)A T\ _ = x
+ 7( - ) I()\_I) e d)‘11F1(1,a+1,(1d))\_1)}

The formula for description of hadronic shower development from : P

the beginning of a calorimeter e | | I

1. Y.A Kulchitsky, M.V.Kuzmin, V.B.Vinogradov, Longitudinal : : ¢ ° ¥
hadronic shower development in a combined calorimeter, JINR-E1- . ) X(M)
99-326, hep-ex/9912028 Longltgdlnal profiles of the
2. ATLAS TileCal Collaboration, Hadronic shower development in hadro_nlc shOW(_erS for _ATL'_A‘S
iron scintillator tile calorimetry, NIM A443 (2000) 51-70 combined calorimeter with pion
3. Y.A.Kulchitsky, V.B.Vinogradov, | Analytical representation of the  energy from 20 GeV to 300 GeV
longitudinal hadronic shower development, NIM A413 (1998) 484-

486, JINR-E1-98-47, hep-ex/9903019 28
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E/H METHOD OF COMBINED CALORIMETER ENERGY
RECONSTRUCTION

The non-parametrical method (e/h method) of a combined calorimeter energy
reconstruction utilizes only the known e/h ratios and the electron calibration constants
and does not require the determination of any parameters by a minimization technique.
Thus, this technique lends itself to an easy use in a first level trigger. The reconstructed
mean values of the hadron energies are within +1% of the true values and the fractional
eneray resolution is [(58 + 3)%/VE + (2.5 + 0.3)%] @ (1.7 + 0.2)/E.

1 [e 1 [e
E=FEpp+ Byt Epyge =— (-) Rpart By + — (-) Rrie
LAr Tile

CLar \T €Tile \ T

The value of the e/h ratio obtained for a thin
electromagnetic compartment (Lar) of the
ATLAS combined calorimeter is 1.74+0.04.

(E) L Ebeam - Edm - ET?ZI&
LAr RLAT/BLAT‘

T

1. ATLAS Collaboration, Hadron energy reconstruction for the ATLAS calorimetry in the framework of the
non-parametrical method, NIM A480 (2002) 508-523, hep-ex/0104002

2. Y.A.Kulchitsky, M.V. Kuzmin, J.A.Budagov, V.B.Vinogradov, M. Nessi, Hadron energy reconstruction for
the ATLAS barrel prototype combined calorimeter in the framework of the non-parametrical method, JINR-
E1-2000-73, hep-ex/0004009 29



ATLAS DETECTOR AND PHYSICAL PERFORMANCE TDR

A dream becoming true much
faster than anticipated long ago
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TILE CALORIMETER INSTALLATION

TileCal Extended Barrel installation in the ATLAS cavern at

7 Tilecal
- ‘Extended
S NEglrelk e




EXPERIMENTAL DATA PREPARATI@NS

» Participation in the ATLAS Control
room shifts in period of Physics
Runs for collecting experimental data
with investigation of calorimeters
Data Quality and TileCal calibrations

» Work as TileCal Data Quality
L_eader or Validator on shifts for
analysis data quality of Tile
Calorimeter information
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ATLAS DETECTOR PERFORMANCE
_

Inner Tracker  Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT LAr

Pixels

MDT RPC CSC TGC Solenoid Toroid

Sl
TRT
LAFEM e )

93.5 99.4 983 100 100 100 97.8

Tl|€ corresponding to an integrated luminosity of 3.7 fb'l. The [A\wer DQ efficiency in the Psxel detector is due to
the IBL being turned off for two runs, corresponding to 0.2 fi\. Analyses that don’t rely on the IBL can use
LAr HEC those runs and thus use 3.4 fb! with a corresponding DQ efficidocy of 93.1%.

Evolution of Masked Channels ang Cells; 2017-03-16 %Ié%%&'.ﬁ'q'éﬂté"rary
LAr FCAL » Overall smooth

L1Calo operation T T ; e ?3%55%30“&"”8'5
MU RPC > Constant live fraction « 2 | el
TG of channels y: _. N7 weitercs

> Important re-commis- £ & % _alorir
l sioning with data e W i
CSe > Learned to operate “a ,,: /. o | f
RPC. new detector” r o, ’:: A
e M4l i

I o
LHC days in Belarus, Y.KUIChGisHgY ouett w2 Ap13  Feblé  Novld Sepls 639 Mari7
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BONUS: HL-LHC MAIN UPGRADE COMPONENTS
Approval of the HL-LHC project by CERN

=5 2 CIVIL ENGINEERING “CRAB” CAVITIES W/
. 2 new 300-metre service tunnels and 16 superconducting ,crab* g
2 shafts near to ATLAS and CMS. cavities for each of the ATLAS [0
and CMS experiments to tilt the

beams before collisions.

FOCUSING MAGNETS
12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designed to increase the
concentration of the beams before
collisions.

Nb,;Sn quadrupole model (1 5m Iong
aperture = 150 mm) reached current of 18
KA (nominal: 16.5 kA) at FNAL.

2 coils from CERN + 2 coils from US.

End 2015: Nb,;Sn dipole (1.8 m) reached

11.3 T (> nominal) without quenches.

SUPERCONDUCTING LINKS BENDING MAGNETS

Electrical transmission lines based on a COLLIMATORS 4 pairs of shorter and more
high-temperature superconductor to carry 15 to 20 new collimators and 60 replacement powerful dipole bending magnets
current to the magnets from the new service collimators to reinforce machine protection. to free up space for the new

tunnels near ATLAS and CMS. collimators.

“Next 10 years dominated by construction of HL-LHC (950 MCHF), which will be realised within a
constant CERN Budget” CERN Diyector General 23/06/2016

daysin
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Detector challenges:
2009 LHC startup, Vs 900 GeV % x10 more radiation
(~10%%neg/cm?; 10 MGy)

2010 % x10 more pile-up

Vs=7-8TeV, L~2x10%8cm2st, BS=50/25ns

I Total L1A rate limited to ~100 kHz until LS3
5812 LS1 Go fo design energy, nominal_luminosity RuUNL: <u>=20;
Enhancements to trigger and detector <npy(jets pr>30 GeV)>~0.04

HL-LHC: <u>=200; (increase in 10)

2017 Vs =13-14TeV, L~ 1x10%cm?2s, BS=25ns <npy(jets pr>30 GeV)>~7.4
(increase in 185)

gg;g Injector and | HC Phase-1 upgrade to full design luminosity ATLAS Upgrades

- needed to:

{

Mainly more trigger upgrades

» Keep performance
Vs =14 TeV, L ~2x10% cm2sl, BS =25 ns PP

> Trigger rates
acceptable with low

HL-LHC Phase-2 upgrade, crab cavities p; thresholds
> Pile-up mitigation

Major upgrades for HL-LHC up to large y is

\s =14 TeV, L ~5-7x10% cm2s1, BS = 25 ns SeUUEY  needed!
\__/

2024
2026

Run4 [Run3

2035

The LHC and its HL-LHC phase are CERN'’s flagship project for the next 20 years

—> crucial for the future of the Organization and particle physics worldwide

26.02.2018 LHC days in Belarus, Y.Kulchitsky 41



HIGH LUMINOSITY (HL) LHC PROJECT TIMELINE

® Peak luminosity —Integrated luminosity
6.0E+34 Y % 7y 3
i ‘Run3 HL-LHC (RUN4, RUN5)
| — 1000
5.0E+34 - I a ®-.-® |® o @ R
13-14 TeV ———— >
& o
IS — o o <t LN =
S. 3.0E+34 - W U | v v e =
: T T i TEEE PR
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5 - 5 1 E
1.0E+3 R oot ¢ : - rgo
[«F]
: Phase-l  Phase-Il £
0.0E+00 = : a . 0.1
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We are here Year _
. - Experimental Challenges
» HL-LHC W|II_ startin mld—239125 a1;ter1~2.5 years o_f shutgownz . | @ High pile-up = detector and trigger
> Levelled Luminosity of 5-10% cm s*t. Max. Lumi 7-10 ‘emE s improvements needed
» Average number of pile-up interactions per bunch crossing <p> | Q High radiation level = detector
=140 damage
> Expect to collect ~300 fb! with LHC and ~3000 fb with the O Goal: keep detectors performance at
HL-LHC the same level as today

3,'0" VAR : 200 collisions
LN ,‘ g . , , P e
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UPGRADE OF THE TILECAL FOR THE HL LHC

In 2024 the TileCal will get a major replacement of its on- and off detector electronics

» All signals will be digitized and then transferred directly to the off-detector electronics, where
the signals will be reconstructed, stored, and sent to the L1 of trigger at a rate of 40 MHz

» This will provide better precision of the calorimeter signals used by the trigger system
and will allow the development of more complex trigger algorithms
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LAr electromagnetic P
end-cap (EMEC) ————
N
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Wavelength-shifting fibre

~* frontend options
~, are presently being
investigated for the
upgrade and a final
solution will be
chosen after
extensive

LAr electromagnetic
barrel

PMT 12 o

Main-board

OOO

Mechanical links o' % ‘ P Q‘fﬁlﬁ?ﬁsﬁe?:aﬁitﬁ?g) é = S I aboratory and test
iy ol VL L oo % o beam studies that
26022018 > o-Harkusha, Upgrade of the ATLAS hadronic Tile calorimeter for - gra jn progress.
the High luminosity LHC, ATL-TILECAL-PROC-2016-009 36



TILE CALORIMETER TEST BEAM SETUP 2015/17
b

IP NASB tasks for TileCal:

1. Support existing and
development of new tools and
algorithms for reconstruction

i of collisions data.

W | 2. Set up and support online and

- offline data quality
monitoring.

3. Set up and support online data
quality monitoring at the Test
beam during testing the new
digital readout system of the
TileCal developed for the HL-

: » e ‘ \ . : Vi / LHC.

5 U 1 : AW 4. Development and support of

94 - regression tests for optimal
filtering algorithms used to
reconstruct timing and energy
information.

5. Development of software for
simulation of the high
granularity Tile calorimeter

' for HL-LHC.
. "M\ 6. Work in test beam shifts

t

The scratch IS for the test beam set -up of T|IeCaI modules on SPS (CERN) in 2016.
Main task is to study of TileCal performance with new Front-end and Back-end
electeanies. S.Harkusha and Y.Kulchitskyfrom, IP NASB took part in the test beams.



SUMMARY

»B.1.Stepanov IP NASB team participates since 1994 in the
ATLAS experiment — largest HEP collider experiment

» Supported by Directorate of the Institute of Physics NASB,
National Academy of Sciences of Belarus, State Committee
of Science and Technology of Belarus

» Since 1994 we work in the close contact with JINR & CERN
for the ATLAS Tile Calorimeter design, modules mass
production, calorimeter construction & installation in cavern

»Complex systematic studies of ATLAS Tile Calorimeter and
combined calorimeter performance in test beams at SPS

» The development and application of new precision methods
for calorimeters performance study

» Development and implementation of software for TileCal
collision data collection and upgrade for HL-LHC
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Thank you to CERN, the
Funding Agencies, and
all the other bodies which
made this possible

ATLAS Collaboration

(Status October 2017)

38 Countries
183 Institutions

2900 Scientific authors total
(1000 Students)
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ATLAS PHASE 1l UPGRADES FOR HL-LHC (2024-2026)

|TK | t k CERN-LHCC-2012-022; CERN-LHCC-2015-020

- INNer tracker ]

= Pixels + Strips (Si) Calorimeters: |

= n<2.7 — n|< 4.0* \ = LAr/Tilecal FE, BE electronics
/= HGTD Timing Detector

| Muon Detecto | Tile Colorimefell | Liquid Arggn

2.5<|n|<5*%

Muons:
= |nner Barrel Layer
= Electronics &
= Muon tag 2.7<[nj|<4.0* Wl

i NI
I\\\ \Y{\“f‘
\

it
i |
B\

* Large n scenarios
(part of the reference

Trigger/DAQ
detector layout) = L0 (calo+muon): 1 MHz; 10 ps latency

Toroid Magnets  Solenoid

= L1 (calotmuon+ITK): 400 kHz; 60 us latency
= HLT/EF: 10 kHz

Refs: ATLAS Phase Il Lol [CERN-LHCC-2012-022]:LHIPC}§§ and, preparation of. ggsign choices —Tech. Design Reports-TDRs (end

UZ. sin .
2016-end 2017); Impact of different cost scenarios on physics/perf. [scoping doc. CERN-LHCC-2015-020] 69



UPGRADE OF ATLAS CALORIMETERS FOR HL LHC

New for Calorimeters: LAr and Tile power supply replacements | _— ===

LAr Tile

Tile barrel Tile extended barrel ,

2l !

Wavelength-shifting fire

Scintillator Steel
e >y

LAr hadrol
end-cap (HEC)

LAr electromagnetic P
end-cap (EMEC)

» Mass production
(stamping) of master
and spacer iron plates
jor Tile Calorimeter
odules in Minsk.
»/ Production of Tile
Calorimeter Barrel
Modules in JINR

“~absorber

ATLAS Calorimeters:
v Very hermetic
% Gaps partially instrumented

 Small dead regions which did not significantly impact physics > Transportation of
v' Excellent shower containment TileCal Barrel
v Fine granularity Modules from Dubna
v" Good resolution and small noise to CERN by JINR.

Test beam study of new FE and BE electronics for Tile and Lar calorimeters

26.02.2018 LHC days in Belarus, Y.Kulchitsky 51



TRIGGER/DAQ AT HL-LHC

New design of hardware trigger: k] [Te][iac] [T [} [Esdeap] [ MDT ] [Burel
Move part of the High | evel Trigger (H LT) ----- l Ll ----- LJle{lULJLL‘,DMOIMMM
reconstruction into the early stage of trigger. [ FELX H [ FELIX fical s | [ Bal

e Goal: keep thresholds on p; of

Y
[ i i FEX|[JFEX | [cFEX ~
triggering leptons and L1 trigger rates low (GFEX [ JFEX | [eFEX] MUCTPI

Triggering sequence €

3 LO trigger (Calo/Muon) reduces rate -
within ~6 ps to 1 MHz and defines L1 ¥rack\ ILI(‘Sralol ;
Regions of Interests (Rols) o

L L1 track trigger extracts tracking info
inside Rols from readout electronics

= Level 0
Challenge: .
» Finish processing within the /
latency constraints LEVEL-O (LO0) LEVEL-1 (L1)
» Requires changes to Calo+Muon Calo+Muon+ITK
electronics feeding trigger system| Latency~6 ps, rate~1 MHz Latency~30 us, rate~400 kHz
Define Rols for L1 All data are moved off detector

26.02.2018 LHC days in Belarus, Y.Kulchitsky 52



METHOD OF LOCAL HADRONIC CALIBRATION

The pion energy reconstruction by the local hadronic calibration method on the basis
of the combined test beam data with energy 10-350 GeV (#=0.25) is performed.

In this method energies deposited in each cell are weighted. The weights are determined
by the Monte Carlo simulation using Calibration Hits software. We have modified this
method by applying cuts in weights. The obtained fractional energy resolution with the
conventional method of determination of the energy deposit in the dead material
between LAr and Tile calorimeters is 6/E = 67%/E &4% & 95%]/E.

The energy linearity is within £1%. We have corrected the cesium mis-calibration of
the Tile, and Tile, longitudinal samplings. The mean value of energy linearity has been
Increased by about 1% and becomes equal to 1.002+0.002. The energy resolution did
not change. We have performed weighting without knowing of the beam energies. In
this case the energy resolution shows 9% degradation. Linearity are within £ 1%. We
have applied the Neural Networks to the determination of the energy deposit
between LAr and Tile calorimeters. The essential improvement of energy resolution
IS obtained. In this case we have reached the projected energy resolution for hadrons
in the ATLAS detector o/E = 50 %AE &3%.

Y.Kulchitsky, P.Tsiareshka, J.Khubua, N.Russakovich, V.Shigaev, V.Vinogradov, Pion energy reconstruction

by the local hadronic calibration method with ATLAS combined test beam 2004 data, ATL-TILECAL-PUB-
2008-009



MOTIVATION FOR BOSE-EINSTEIN CORRELATIONS

» Bose-Einstein correlations (BEC) represent a unique
probe of the space-time geometry of the hadronization
region and allow the determination the size and shape of
the source from which particles are emitted.

» Studies of the dependence of BEC on particle
multiplicity and transverse momentum are of special
Interest. They help In the understanding of multiparticle
production mechanisms.

» High-multiplicity data in proton interactions can serve as
a reference for studies in nucleus-nucleus collisions. The
effect iIs reproduced in hydrodynamical and Pomeron-
based approaches for hadronic interactions where high
multiplicities play a crucial role.

26.02.2018 LHC days in Belarus, Y.Kulchitsky 54



MULTIPLICITY DEPENDENCE OF A AND R BE

EC PARAMETERS
EPIC 75 (2015) 466
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» ) and R are energy independent within the uncertainties
» ) exponentially decrease with multiplicity

0.32 fn
I E
—— ]
ATLAS pp 900 GeV —— Ny fit =
n,, fit .
&Q
W
ATLAS ppTTe B + HM Const antn N
200@ 20
QO nch
Good Agreement with
CMS & UA1

» R of the a-n /2 fit for n_,<55: 0.9 TeV is a=0.64 #0.07 fm,
» R is a Constant for n_,>55 at 7 TeV R=2.28 #0.32 fm obse

7 TeV is @=0.63 #0.05 fm
rved for the first time

26.02.2018 LHC days in Belarus, Y.Kulchitsky
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BEC PARAMETERS K, DEPENDENCE OF A AND R PARAMETERS
EPJC 75 (2015) 466
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» ). and R are energy-independent within uncertainties
» ) and R decrease exponentially with k+
» Good agreement with earlier (non-LHC) measurements
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TILECAL UPGRADE TASKS FOR IP NASB

. Support existing and development of new tools and algorithms for
reconstruction of collisions data in the ATLAS Tile calorimeter.

. Optimization memory consumption and CPU usage In software used
for reconstruction of collisions data in the ATLAS Tile calorimeter.

. Set up and support online and offline data quality monitoring in the
ATLAS Tile calorimeter.

. Set up and support online data quality monitoring at the Test beam
during testing the new digital readout system of the ATLAS Tile
calorimeter developed for the High Luminosity LHC.

. Development and support of regression tests for optimal filtering
algorithms used to reconstruct timing and energy information in the
ATLAS Tile calorimeter.

. Development of software for simulation of the high granularity
ATLAS Tile calorimeter for HL LHC.

. Coordination of software development activity in the ATLAS Tile
calorimeter.
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ATLAS TRIGGER/DAQ PHASE-I UPGRADE

ATLAS-TDR-023-2013
Trigger/DAQ L1 Calo L1 Muon
Calorimeter detectors L New Detectors
Ll (HW) 2.5 HS |atenCy, 100 kH TiIccanrimetch-Iay'i:' | ] ‘ T
HLT/Event Filter: 1 kHz Tile o Muon detectors 06

| Level-1 calorimeter | [ ‘ 1] ' | Detector | { ’
= Centre-of-mass 8—13 [ Proprocessor | [HIRRG 111 Read-Out :
) i ' we | FE|[FE
TeV: 2-2.5x increase in e il [N e | B
. 4
trigger rates " | <‘ — FELIX l
= Peak luminosity 0.8— J g FELIX dala
1.7e%4: ~2x higher — K \\ 3
: | | CTP - 508
trigger rates 2ol | "ET
3 [creouT] SW ROD /ReadOut
i Central trigger | ReadOut System System
] . . Level- S ps
Possible options: H v
Increase output rate Regions
= Challenge for offline computing Of Interest v
HLTSV
Increase thresholds FTK
- - - RO
= |_ose interesting physics IBLPLX/SCT RODs Requests 1 ="
Increase rejection
= Better hardware and software Fast TracKer High Level Trigger
(FTK) Event SubFarm Output
data : : |
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TILE CALORIMETER GRANULARITY IMPROVING
Not changing the detector

3ge5mm Vo0 01 02 03 @ ( : To
Do |D1 | D2 [ o3 / / . Particle DAQ
R 51 """ II '/l // ,' /1/ o2
* BC1 |BC2 }BC3 {'BC4 [BC5 |BC6 |'BC7 | BCS |, .
Split BC ; A e Fibers
b ‘ . / ‘/ P ,’ e
I O O O O A 2 O —— QG
a7 T N 7 p -
A1l |A2 1A3: tA4 (A5 ,|A6,1A7 /A8 /[A9 ,1A10}
2280 mm . [ / . P L LA Ve _<
/ 0 500 1000 1500 mm '
SplitA .. Goals:

1. SplitA Cells (x4): 0.1 ->0.025
2. Split BC Cells (x2): 3-> 4 layers =
3. Software development for simulation and | ) MA-PMT Air Gap

reconstruction for new A-cell, B and C-cells
4. Updates of Tile Monitoring for new cells

| Current system of collected information
& ave Bk from Tile calorimeter ~ *°

. Fiber Bundle Left, Focon magnification on right



Lepons

26.02.2018

Mass of the
Higgs boson
was not predicted!

Wector Bosons: spin = 1 particles

Forces

Higgs Decay Channels
prediction for Higgs boson
mass from 90 to 250 GeV

E 105 | [ _I T T T ; %
SN \s=8TeV g
G
X 15—-.,’5-“- T WW — Fvaq —%
i b EWHA b WW iy 13
iggs Boson: ]
9 " / ZZ 5 ITqg R
fundamental g o
scalar particle 7
b Z0T |
Sk ZH- 0B\ TNy _:
|= eu e 3
V=V, :
[ | q=udsct‘) e
100 150 200 250
M, [GeV]
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EXPERIMENT

http://atlas.ch

Run: 207620
Event: 101402870
Date: 2012-07-29
Time: 00:05:11 UTC



DISCOVERY OF HIGGS BOSON rro 90, 052004 (2014)

Chin. Phvs. C. 38, 090001 (2014) and 2015 update

%N."I""l""l""!"“! = > lIII|IIII|IIII| |||||||||||| ILAREN R ERER
(o] = [Ldt=4.5f" 15= 7 TeV ATLAS 3 [} . Data B
~  180f— " — - =]
% C [Lat=20310" \s=8 Tev 4 D ] Q) 50 ATLAS P*rellmlnary [ Signal (m =125 GeV) _|
B 160 s/b weighted sum N _— [ Backgro! d z*
s E Mass measurement calegaries Gom@ﬁl, 3 LO - H - ZZ - ll ll ;o N
L = — Signalsbackgraund - ] B 4 [C_J,Background tt+V, VVV ]
E ++=+ Background 4 < | 13 TeV, 36.1 fb [ \Background Z+jets, tt |
o — Signal 3 1) | 7 \Uncertainty
E E c B
e - O B
E ' 3 > r
L s, —_ L i
sn; = -
+H— YY - '
- = =
5 TN i 3 i B

¥ weights - fitted bikg
E=1] @ o

Diphoton Channel m,, [GeV]

The discovery of a Higgs boson in 2012 by the ATLAS and CMS
experiments marked a milestone in the history of particle physics. It
confirmed a long-standing prediction of the Standard Model, the
theory that comprises our present understanding of elementary
particles and their interactions. With the huge amount of proton—
proton collisions delivered by the LHC in 2015 and 2016 at the
increased collision energy of 13 TeV, ATLAS has entered a new era (
Higgs boson property measurements. The new data allowed ATLAS
perform measurements of inclusive and differential cross sections
using the “golden” H->ZZ*->41 decay.

Distribution of the invariant
mass of the four leptons
selected in the ATLAS
measurement of H—-»ZZ
—4| using the full 2015+
2016 data set. The Higgs
boson corresponds to the
excess of events with
respect to the non resonant

60 %0 90 100 110 120 130 140 150 160 170 ZZ* background observed

at 125 GeV.

H

J=0
Nass m= 15555 + 654 Cev l

HO Signal Strengths in Different Channels

See Listings for the latest unpublished results.
Combined Final States = 1.17 + 0.17 (S=1.2)
WW*=10.81+0.16
Z78= 115100 (§=1D)
yy =178
bb=0.85+0.29
< 7.0, CL=95%

T =0794£0.26
Zy< 95, CL=9%
tTHO Production = 2.5J_r8:g 62




INNER DETECTORS (ID)

ATLAS tracking detectors:
Pixels, SCT & TRT

r R=1082mm

R
’ - ‘s

Pei s A

MYy

TRT <

O New innermost 4-th
layer for the Pixel
detector [IBL =

L R =554mm
( R=514mm

SCT< R =443mm
R=37mm T Insertable B-Layer]
R =209mm O Required complete
removal of the ATLAS
A Pixel volume %
I i ame - P O IBL fully operational
Pixels { R=88.5mm
R =50.5mm
R=33.25mm
R=0mm

Two times better tracks impact parameters resolution at 13 TeV!
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High-multiplicity event with 319 reconstructed tracks.
The shown tracks are from a single vertex and have pr > 0.4 GeV

319 reconstructed charged-particles!

ATLAS

EXPERIMENT

Run: 312837
Event: 135456971
2016-11-14 07:42:28 CEST



STUDY OF MINIMUM-BIAS EVENTS WITH ATLAS

Understanding of soft-QCD

Interactions has direct impact on

1. precision measurements, Hadronisation
2. searches for new physic modelling

» Charged-particle distributions in pp
Interactions at 0.9 — 13 TeV

» Bose-Einstein correlations (BEC)
represent a unigue probe of the spaceHard AT 5
time geometry of the hadronization -
region and allow the determination the

size and shape of the source from which

particles are emitted. ST s
» Underlying events distributions in ,}\:W : r‘fémi\ﬂupypamowmeraczons

pp interactions v/ ,&’i ﬁ\ /\X\ (underiying even)
Provides insight into strong interactions in "”” g "\\"
non-perturbative QCD regime: s ‘}\

o Soft QCD results used in Monte-Carlo generators tuning,
o Low energy QCD description essential for simulating multiple pp interactions
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BOSE-EINSTEIN CORRELATIONS AND
HANBURY BROWN - TWISS INTERFEROMETRY
Bose-Einstein correlations (BEC) are often considered to be the
analogue of the Hanbury Brown and Twiss effect in astronomy,
describing the interference of incoherently-emitted identical bosons.

Intensity interferometry of photons in radio-astronomy: measures angular
diameter of two stars, so the physical size of the source

P.!L
n

<l 1)
- C(d) =
) . -l 1 2<1,>
— L
| =71+Acos(d,g)
d, s = N6
T e et e % e % "
/1(2)'-‘Tm:ensities, <x> - averaging over random phases

A is the wavelength of the light, 6 = d,./L

Varying d,g one learns the angle, and using the individual
s 20 wave vectors, thHephiysicdl'sizé of the source %




BOSE-EINSTEIN CORRELATIONS AT 0.9 -13 TEV IN ATLAS
IP NASB (Minsk) & JINR (Dubna) & Comenius University (Bratislava)
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1.2— ATLAS (underwork) Data 2009, 2010, 2015

1 RYF(Q), Efit, iy < 2.5, Q 220 MeV, p, > 100 MeV
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ch  EPJC 75 (2015) 10, 466; ATL-COM-PHYS-2016-1621 ch

The results for Bose-Einstein Correlations for pairs of like-sign charged particles measured

in the kinematic range p+>100 MeV and |n|<2.5 in pp collisions at energy 0.9 — 13 TeV

» The multiplicity dependence of the BEC parameters characterizing the correlation strength
and the correlation source size are investigated for multiplicities of up to very-high number of
charged-particles, n, = 300

» A saturation effect in the multiplicity dependence of the correlation source-size parameter is
for the first time observed using the minimum-bias and high-multiplicity tracks 7, 13 TeV data
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K, DEPENDENCE OF BEC PARAMETERS AT 0.9 -13 TEV

EPJC 75 (2015) 10, 466; ATL-COM-PHYS-2016-1621
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» The A values are (trigger) multiplicity-independent within
uncertainties at 13 TeV

» The R values increase with increasing (trigger) multiplicity region

» The A values decrease exponentially with k+

» The R values decrease exponentially with k
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CHARGED-PARTICLE DISTRIBUTIONS AT 13 TEV
o _ _ PL B758 (2016) 67-88, Eur.Phys.J. C 76 (2016) 502
The composition of inelastic p-p collisions:  statistics: 9 million inelastic interactions

&= 1 =

= = e
Non-diffractive | Single-diffractive [Double-diffractive’

Perturbative QCD describes only the hard-scattered partons, all the rest is
predicted with phenomenological models.

ND: QCD motivated models with many parameters; Background when >1
Interactions per bunch crossing; SD+DD not well constrained by models.
Strange baryons with 30 <t <300 ps are excluded.

Task: measure spectra of primary charged particles corrected to hadron
level.

Multiplicity vs.n; Multiplicity vs. p; Multiplicity distributions
i.dNCh 1 ) 1 ) dchh i.dNeV <pT> VS, nch
Nch d’? | Nev 27Zp'r d?]de’ Nev dnch |

Measurement — do not apply model dependent corrections and allow
to tune models to data measured in well defined kinematic range.
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MC / Data

AVERAGE TRANSVERSE MOMENTUM DISTRIBUTION
PL B758 (2016) 67-88

— i —r— —TrTT T T
crrrjprrryprrorprrrp T T ] 1 ] 1
- ] =
{ gFMen = 1, P > 500 MeV, |n| <2.5 1 & oggt-"==2.p, =100MeV, n|=<25
"“F ©>300ps . —  F T>30 ps (extrapolated)
1.6 ATLAS Vs =13 TeV - E— 0.8 ATLAS Internal V5 =13 TeV___
- ] e
1.4— — 0.7
1.2 e - 0.6F
I — 0.5
0.8 = 0.4
- == Daia ] === [Oaila
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ST A R IS
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N Men

IViean p+ Versus the charged-partcie muitiplicity distribution for p+>0.1& 0.5 MeV

Models without colour reconnection, QGSJET, fail to model scaling with n, very well.
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CHARGED-PARTICLE MULTIPLICITIES VS P, AND MULTIPLICITY

— L T T L L '
5 10°E ng, > 1, p. >500 MeV, || <2.5
S 10°E t>300ps
— 10 ATLAS Vs=13TeV
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2 10
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5107°
=
% 107
—107°
& 107 — PYTHIA 8 A2
= 1077 — - PYTHIA 8 Monash -
- 10 oE - EPOS LHC
=10 -n= QGSJET 11-04 TN

P, [GeV]
Charged-particle multiplicity as a function of
the p; distribution for p:>0.5 MeV

Measurement spans 10 orders of magnitude. EPOS
and Pythia 8 Monash give remarkably good
predictions.
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Charged-particle events as a function of the
multiplicity distribution for p>0.5 MeV

Low ng, not well modelled by any MC; because
of large contribution from diffraction.
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MC / Data
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Charged-particle multiplicity as a tunction of
the n distribution for p>0.1& 0.5 MeV

normalisation. EPOS and Pythia8 Monash & A2
(Pr3500,MeV) give remarkably good prquc(}ggm.Bela

The same shape in Models but different

" uData
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- EPOS LHC
- QGSJETIM04 , .~

ATLAS &

PYTHIAS Monash A

T > 30 ps (extrapolated)

\
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The mean number of primary charged
particles increases by a factor of 2.2 when Vs
increases by a factor of about 14 from 0.9 to
13 TeV. EPOS and Pythia 8 A2 describe the
dependence on Vs very well, while Pythia 8

Monash and QGSJET-ii predict a steeper rise
s YUY licity with Vs.



ATLAS COLLABORATION PUBLICATIONS

Citations Summary

Citeable papers Published only 120 r k-
Number of papers analyzed: 722 650 3 M I N S P I R E f
A &0t e
Number of citations: 70926 66575 ) ool Publications of
Citations per paper (average): 98.2 102.4 E « | the ATLAS collaboration
hugp index [7] 123 122 e
1]
The h-index (or simply, 'h') is defined as the number of 1985 1930 1S 2000 2s 2k 2018
papers with citation number higher or equal to h. oo
itatiana: 1. ATLAS Collaboration,
Beddoun o papers by Cllons Ceable papers ~ Published only Observation of a new particle in
the search for the Standard Model
Renowned papers (300+ f] f3 Higgs boson with the ATLAS
detector at the LHC, Phys. Lett. 3
Famous papers 250499) 5 i B716 (2012) 1-29, ‘ g :
Cited by 7218 Sooo

Very velknown papers ({00-249) 12 fol 2. ATLAS Collaboration, The ,_
ATLAS Experiment at the CERN
WelHknown papers (30-%9) 162 1o Large Hadron Collider, 437 pp., '
JINST 3 (2008) S08003,
Known papers (1049 Y il Cited by 5467
3. ATLAS Collaboration, The
Less know papers 1) 0 0 ATLAS Simulation Infrastructure,

53 pp., Eur. Phys. J. C70 (2010)
Uk papers () i fl 823-874, Cited by 1565




BONUS: PHYSIC M@mfmm@@ AT HL-LHC
Electroweak symmetry Breaklng 6 g (ée nd the Standard Model

1. Higgs precision measurements (COUIOII anfj > Higgs sector (search for deviations

guantum numbers) from SM)
2. Higgs rare and invisilfle y >},Lu H->Zy,... 0 rk matter
3.  Top Yukawa coupling (SH) e/ [
4.  Higgs self coupling (g > Exotlcs
4 ) (CV Y 4 @4 4 y 4 4 /4
HIGGS PRESISSION MEAGUREMENT,
. ATLAS Simulation Preliminar . -
At H L' I_ H C . s =14 TeV: [Ldt=300 fo” ;ILdt:s;OOO f! Signal strength precision Ap/ *
Q100 million SM Higgs = ' H> | L=300fb-1(run3) | L=3000 fb-1 (LH-LHC)
bOSONS Hoyy  (comb) - w/o I | w/ theory
N ' o theory A w/ theory |W/° theory: A (%)
O ~4-5% precision for main ., 77 (comn) %E\f‘%ﬁ\ A %) : A (%) i
channels 2 Q0 s | B 41— 19
0 ~10-20% precision for rare  H- ww (comb) 8o " : '
Q will be able to quantify HoZy (o) 2 | 7 1 | a4 i g
small deviations from the = Q2 " i |
SM Ho b (comb) c§> o 26 26 : 12 | 14
Q 3-4 times more sensitivity - ©| ™ 18 21 15 I 19
. . H—tt (VBF-like) c ]
in direct searches for =2 44 6 | 27 I
additional Higgs bosons o , i
than at LHC Houp  (comb) | | u 38 39 ) 12§ 16
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BONUS: EXOTIC & SUSY MOTIVATION AT HL-LHC

Sundrum (RS) models with a single warped extra dimension

Heavy Kaluza—Klein gluons, gy, as produced in Randall- }\ ATL-PHYS-PUB-2013-003, ATL-PHYS-PUB-2014-007

ATLAS Mass reach for Exotic signatures

ATLAS @14 TeV 2Z'> eeSSM gy 2> ttRS Dark matter M*
95% CL limit 95% CL limit 50 discovery

300 fb1 6.5 TeV 4.3 TeV 2.2 TeV
3000 fb-1 7.8 TeV 6.7 TeV 2.6 TeV

ATL-PHYS-PUB-2013-011, ATL-PHYS-PUB-2014-010, ATL-PHYS-PUB-2015-032

ATLAS Mass reach for SUSY particles

ATLAS gluino squark stop sbottom X;* mass
projection mass mass mass mass WH mode
300 fb 2.0 TeV 26TeV 1.0TeV 1.1TeV 560GeV None
3000 b 24TeV 31TeV 12TeV 1.3TeV 820GeV 650 GeV

Significant increase In mass reach for Exotics and
SUSY signatures at HL-LHC (3000 fb1) ..



BONUS: CERN CIRCULAR COLLIDERS + FUTURE
CIRCULAR COLLIDER (FCC)

Challenge against time...
1. Detector degradation and ageing — inject new technologies

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
< 20 years >
- Constr. Physics LEP

Construction Physics LHC
Construction Physics HL-LHC

Challenge against time... FUTURE CIRCULATED COLLIDER

2. Developer community need to
transfer knowledge to the next

Physics

generation “Preparation of CERN’s future: design
?6Pi¥filr?pv|:rll_a-’l_vl\_/liﬁ ‘ngtr‘;‘:cl’\lré ;‘(OTt studies for future accelerators: CLIC,
JEHHN FCC (includes HE-LHC)”

26.02.2018 H CERN DG Fabiola Gianotti 23/06/20165:



BONUS: ¥CC

Future Circulated Collider (FCQ)
performance

YV VYV VY

>

>

>

>
>

>

Center of mass energy: 100 TeV Jura
Peak luminosity ultimate: <30x103*

Bunch Crossing <5 ns

Integrated luminosity ultimate ~1000 fb-*
(average per year)

Ain Department

25 years operation, leading to ~20 ab-! u/ N
Consequence on detectors ™

Boosted objects — up to [n|=6 coverage

High pileup and fast Bunch-Crossing (BC) —
very fast and granular detectors

Momentum resolution =15% at p=10 TeV
~1 ns sharp Bunch-Crossing Identification
(BCID)

Particle flow capability for calorimeters with
high granularity 25 mrad?

Fiﬂ@ﬂ)mlng againSt plleup — <LIJ€QIQ/sri)SBeIarus, Y.Kulchitsky
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Prealps

100, km

Schematic of an
80-100 km long
circular tunnel

g o

Hadron Collider

16 T = 100 TeV for 100 km
20T = 100 TeV for 80 km

Unit Symbol cm?
femtobarn b o=
attobarn ab 10742 77




THANK YOU VERY MUCH FOR ATTENTION!

WELCOME TO THE IP NASB TEAM (MINSK ACADEMY)

< 5
4 ¢
E.(\L = :-" "L A I A
= = D ;
g

" FXPFRIMENT




