sagarTvelos fizikis maswavleblebis 2023 wlis programa
Ppirveli gacnoba cern-Tan

irakli minaSvili




1945w damTavrda meore msoflio omi, meore didi omi
evropaSi bolo 78 wlis ganmavlobaSi
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UmecnierTa umravlesobam datova evropa,
umetesad gadavidnen amerikisa da sabWoeTSi.



vin varT Cven?

CERN: Conseil Européen pour la Recherche Nucléaire

cerni — birTvuli kvlevebis evropuli organizacia

OsaerTaSoriso organizaciis statusiT (rogoricaa iunesko, gaero,
mso, ..)

Camoyalibda 1954w 12 evropul gveynebs Soris SeTanxmebis
safuZvelze.

amJamad 23 gveyanaa gawevrianebuli cern-Si



wliuri biujeti - 1,170 miliardi Sveic.franki
sagarTvelos biujeti - 6 miliardi amerikuli dolari

Member States of CERN

Member States (date of accession)
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Member state

Founding Members["°' 2l

1 B Belgium

B= Denmark

B B France

I Germany
Greece

1 B taly

== Netherlands

B= MNorway

B= Sweden

[ switzeriand

== United Kingdom

—\iigosiavialete 31

Acceded Members(note 4]

= Austria

: Spam[nme 5]

El Fortugal

== Finland

mm PoOland

== Hungary

I CZECh Republic

B Slovakia

mmm Bulgaria

= Israel

1 B Romania

Il Serbia

Status since +

29 September 1954
29 September 1954
29 September 1954
29 September 1954
29 September 1954
29 September 1954
29 September 1954
29 September 1954
29 September 1954
29 September 1954
29 September 1954
29 September 1954110411051

1 June 1959
1 January 198301%51197)
1 January 1986

1 January 1991

1 July 1991

1 July 1992

1 July 1993

1 July 1993

11 June 1999

6 January 2014199

17 July 2016[108]

24 March 20191199

Associate Members in the pre-stage to membership

B Estonia

= Cyprus
s Slovenia
Associate Members
Bl Turkey

Pakistan
W Ukraine
= ndia
mm Lithuania
— Croatia

= Latvia

Total Members, Candidates and Associates

1 February 2020010101111
1 April 2016!112!

4 July 2017111310114

6 May 201501191

31 July 20151181

5 October 20161117
16 January 2017(118]
8 January 2018119
10 October 201911201

2 August 20211121

Contribution Contribution

(million CHF for 2019) M (fraction of total for 2019) M

2.16%
7.06%
1.09%
1.32%
279%
0.609%
0.950%
0.490%
0.297%
1.73%
1.05%

0.221%

N/A
MN/A
NIA
MNIA
N/A
N/A
MN/A

1,171.201010122) 100.0%

Contribution per capital"®® 'l

(CHF/person for 2017)




Distribution of All CERN Users by Nationality on 27 January 2020

MEMBER STATES

7149

Austria
Belgium
Bulgana
Czech Republic
Denmark
Finland
France
Germany
Greece
Hungary
Israel

Ttaly
Netherlands
Norway
Poland
Portugal
Romania
Serbia
Slovakia
Spain
Sweden
Switzerland

United Kingdom oBservers 2 506

Japan 274
ASSOCIATE Russia 1126

MEMBERS IN USA 1106

THE PRE-STAGE

TO MEMBERSHIP

Saint Kitts Uzbekistan
and Nevis Venezuela
Saudi Arabia Viet Nam
Senegal Yemen
Singapore Zambia
South Africa : Zimbabwe
Sri Lanka

Sudan

Syria

Taiwan

Thailand

Tunisia

Uruguay

Bolivia 2 Egypt > Ireland Montenegro

(‘Typms_ OTHERS Bosnia & Herzegovina 2 El Salvador Jamaica Morocco
Slovenia Bostwana 1 Lstonia Jordan Myanmar

Albania Brazil 121 eorgla Kazakhstan Nepal

R Aleeria Burundi 1 Ghana Kenya 1 New Zealand

ASSOCIATE 770 Arﬁenlina Canada 155 Gibraltar Korea Nigeria
MEMBERS Armenia ] Chile 21 Guatemala Kyrgyzstan North Korea
Croatia Australia China 569 Hong Kong Latvia North Macedonia
India Azerbatjan Colombia 35 Honduras Lebanon 3 Oman
Lithuania k Bahrain Congo Iceland Luxembourg 3 Palestine
Pakistan R Bangladesh Costa Rica Indonesia Malaysia Paraguay
Turkey Belarus Cuba Iran Malta Peru
Ukraine Benin Ecuador Iraq Mexico Philippines
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COLLABORATION
EpbucaTION
FUNDAMENTAL RESEARCH

NEW TECHNOLOGIES



cern-is misia

uniting people

Research



cern-is misia

| uniting people 8

Research

Caxedva warsulSi — codnis sazRvrebis gafarToeba

didi afeTgebis saidumloebebi — rogori iyo materia
samyaros Seqmnis pirvel momentSi

Brain Metabolism in Alzheimer’s
Disease: PET Scan

axali tegnologiebis ganviTareba - amaCqareblebisa da
detegtorebisTvis

teqnologia informatikaSi - Web da GRID
medicina — diagnostika da Terapia

Treiningi — momaval mecnierTa da inJinerTaTvis

sxvadasxva kulturisa da gvelnebis xalxTa gaerTianeba




esaidan varT pol gogeni

evin varT

. . . P Where Do We come from?
*Sd |T m IVd IVa rT . What Are We? Where Are
We Going?
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nawilakebis fizikis mizani, CERN & the LHC:
risganaa samyaro Sedgenili?



samyaras ganviTarebis istoria
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Radius of Galaxies

Universe

Super Microscope

Ddidi afeTqebis Semdeg pirveli momentebis fizikuri
kanonebis Seswavla uro da ufro aRrmavebs simbiozs
nawilakebis fizikas, kosmologiasa da astrofizikas Soris




rogor vakeTebT amas?

amaCaqareblebi: aniweben nawilakebs did energias;

energia gardaigmneba materiaSi =mc?

detegtorebi: nawilakebis identifikacia da
deteqtireba

kompiuterebi: monacemTa aReba, maTi analizi da
sawyisi suraTis aRdgena



CERN — msoflioSi amaCqareblebis yvelaze didi komplegsi

The CERN accelerator complex
Complexe des accélérateurs du CERN

CMS

Neutrino
Platiorm
LHC

SPS
T AWAKE
HiRadMat
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LHC - Large Hadron Collider // $P$ - Super Proton Synchrotron /#/ PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //

n TOF - Neutrons Time Of Flight // HiRadMat - High-Radiation to Materials / Neutrino Platform







LHC — Large Hadron Collider

didi adronuli kolaideri
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|didi adronuli kolaideri LHC)

1,000,000,000»dajaxeba/wamS




Lo~
erTerTi yvelaze metad gauxSoebuli

sistema samyaroSi

vsi vakuumi:

nakadis milebSi wneva aTjer ufro dabalia vidre mTvareze

i 4



LHC-is oTxi ZiriTadi deteqtori




https://atlas.cern



ATLAS egsperimenti

ontrol room

ATLAS is here 2> ™
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LHC is here







|Nnawilakebis Sejaxebisas igmneba
l’(Zalian patara moculobaSi)

temperaTurebi miliardjer metia vidre
mzis centrSi.




Searching for new particles requires selection and
analysis of enormous quantity of data from LHC
detectors

(+30 minimum bias events)
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« LHC experiments produce 10-15 million Gigabytes of data
each year (about 20 million CDs!)

- LHC data analysis requires a computing power equivalent
to ~100,000 of today's fastest PC processors.




Searching for new particles requires selection and analysis of
enormous quantity of data from LHC detectors

Oct 6,.2010 7:20:00 am
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CERN amaCqgareblebis kompleqgsi ara mxolod didi adrobuli
kolaiderisTvis muSaobs:

The CERN accelerator complex
Complexe des accélérateurs du CERN

2010 (27 km})
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LHC - Large Hadron Collider // SPS - Super Proton Synchrotren // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear

Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator Online // REX/HIE-ISOLDE - Radioactive

EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //

n_TOF - Neutrons Time Of Flight /#/ HiRadMat - High-Radiation to Materials // Neutrino Platform







ELENA aris CERN Antiproton Decelerator- dan miRebuli
5.3mev antiprotonebis Semdegi Senelebis kompaqturi wriuli

amaCqgarebeli. misi mizania, Seiswavlos uZravi antiwyalbadis
atomebis speqtroskopia da gamoikvlion nivTierebisa da

antinivTierebis gravitaciuli Zalebis efeqti.



ISOLDE - Isotope Separator On Line, and Radioactive
beam EXperiment (REX)
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CNGS — CERN Neutrino to Gran Sasso experiment

- Investigation of the nature of neutrinos

CERN sends muon neutrinos to the Gran Sasso National Laboratory (LNGS), 732 km
away in Italy. There, two experiments, OPERA and ICARUS, wait to find out if any of
the muon neutrinos have transformed into tau neutrinos. To create the neutrino

beam, a proton beam from the Super Proton Synchrotron (SPS) is used.




Study effect of cosmic rays on clouds formation
(cosmic rays “simulated “ by a beam, clouds created
In a large climatic chamber)




Nobel prize 1984. CERN

"for their decisive contributions to the large project, which led to
the discovery of the field particles W and Z, communicators of
weak interaction”



Nobel prize 1992: CERN

We (physicists) cannot just go to a
shop and buy our detectors.

So we invent them !

"for his invention and development
of particle detectors, in particular
the multiwire proportional
chamber"

_Georges Charpz



Nobel prize 1988

"for the neutrino beam method and the demonstration of the doublet structure of the
leptons through the discovery of the muon neutrino”



CERN Technologies - Innovation

- Medical imaging

Tumour Target

»

Charged hadron beam that
loses energy in matter

Grid computing for
big data
management and

: Drugs hidden inside the
analysis

gas tank



World Wide Web, GRID, Computing...
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Tim Berners-Lee
father of WWW
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.. into the future



GgarTvel maswavlebelTa programebi cern-Si

programa - 2011 Nnoemberi
programa - 2012 maisi
programa - 2012 noemberi
programa - 2013 noemberi
progrma - 2014 ogtomberi
progrma - 2015 ogtomberi
progrma - 2016 seqtemberi
progrma - 2017 noemberi
progrma - 2018 aprili

10 progrma - 2019 aprili

11 progrma - 2022 noemberi
12 progrma - 2023 marti

OO NOOULL D WDN B



velodebiT axal aRmoCenebs rogorc standartul aseve mis miRma arsebul
modelebSi romlebmac unda gagvcen pasuxebi iseT SekiTxvebze rogoricaa:

> sad aris anti materia

> sad da ra mdgomareobaSia damaluli samyaros
96% energiisa (Savi materia, bneli energia)

> aris Tu ara ganzomileba 4-ze meti
> sruliad axali aRmoCenebi
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Internatlonal Collaboration
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Higgs decay to yy, ATLAS and CMS,
summer 2012 data
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4 July 2012: C

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

=
L™

Xperiments observe parti

o

S|




Nobel prize in Physics 2013

Peter Higgs and Francois Englert
ol | = ﬁ\ — =

"“for the theoretical discovery of a mechanism that contributes to our
understanding of the origin of mass of subatomic particles, and which
recently was confirmed through the discovery of the predicted fundamental
particle, by the ATLAS and CMS experiments at CERN's Large Hadron
Collider" 50



GALAXY EVOLUTION
CONTINUES...

FIRST STARS
400,000,000 YEARS
AFTER BIG BANG
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COSMIC MICROWAVE
BACKGROUND

400,000 YEARS AFTER
BIG BANG

FIRST GALAXIES

1000,000,000 YEARS
AFTER BIG BANG

FORMATION OF

THE SOLAR SYSTEM
8,700,000,000 YEARS
AFTER BIG BANG

Now
13,700,000,000 YEARS
AFTER BIG BANG




samyaras ganviTarebis istoria

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.

Inflation_

Fluctuations §

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years




