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Tt Ba paBoupe (1)

e To AMELPOOTO KoL TO ATIELPO
— MNwc ouvdeovtal?
— [watt poc evbladepel?
— Mé&xpLmou ¢pTAVEL N yvwon pag onuepa’?

e BaolKa XOpAKTNPLOTIKA KAl LOLOTNTEG TWV CWHATLOLWVY
— Qeputovia & Mmnolovia :
e H ZTOTLOTIKA TTOU UTTALKOUOUV
e H Kvpatoouvaptnon Tavtoonpuwv Mmoloviwv kat Qeppioviwy

— Jwuatia & Avtiowpatia



Tt Ba paboupe (I1)

Oepelewwdn Zvotatikad tng YANC - To KaBlepwpevo Mpoturo

— Ta BepeAewwdn ocvoTaTKA TWV CWHATS LWV TTou aAAnAemidpouv eival
dbepuLovLIaL:

Koudpk kat Aemttovia oto KaBiepwpévo Mpoturmo

— Ol oUVOETOL OXNMUATLOMOL TWV KOUAPK Elval:
e Adpovia : Bapuovia kal Meoovia

AMNAeTdpaoelc petaét cwpatidiwy - Ta eidn twv duvapewv -medilwv- otn
ocwpatidlakn puoikn
— H yevikeupEvn €vola Ttou poptiou Kat tou Tediou

— Ta dtaypappota Feynman

e HAektpopayvntikeg & aocBeveic aAAnAeTdpACELG
* loxupEg aAAANAETILOPAOELG



Tt Ba paBoupe (1)

e JYuppetpieg kat Nopot Atatipnong otic AAANAETILOPACELC
— AvoAAOLWTO KL TEAECTEC 0TNV KPavTOpN)XAVLKN
— Metatonioelc kal otpodEC - dratripnon Evepyelacg Ko
2tpodopung
— Opotwuia (parity)
— 2uluyla doptiouv
— Xpovikn avaotpodn



BifAloypadia
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uetadpaocpevo),Chapter 14: Elementary particles Adpovia, Quarks, Aemttovia, KBavtikol aplBuol Ztoxelwdwy
Jwpatdiwy, loooriv (lootomiko omiv), Zuppetpieg kot Apxécg Atatripnong, Ospelelwdelg AAANAETILOPACELC
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EkAaikevpeva BLBAla yia ta Ztoxelwdn Zwpatia

e Steven Weinberg: The First Three Minutes (koL petadppaopévo)
e Steven Weinberg: Towards the Theory of Everything
e  H.Fritsch: Quarks, The Stuff of Matter
e Simon Sih: The Big Bang (kal petadppacuévo)
e Michio Kaku:
» MapdAAnAa Zuumoavta
» YIEPXWPOC
» H Quown tou Aduvatou
e Brian Green: To Ynépoxo Zuumav
e Bruce Schumm: H payeia tn¢ ocwpotidlakng Guotkng



... oTouc MNMupnvec

OL UpnVEeC eilval TtEPLMAOKO CUCTAMATO TIOAAWY CWHATWV TTOU CUYKPATOUVTOLL
HETAEY TOUC HUE OUVAUELC EAAXLOTO KATOVONTEG

OL Bewpelec/povtela TS cupumepLlPopaAc Kot TS Soung Tou muprvo Sev
nepLypadovtal LE Eva EVLOLO TTPOTUTIO

OL Bewpelec/povtela TNC cuUMEPLPOPAC Kol SOUNC TwV TTUPNVwWV aAlalouv:
— yla SltadbopeTIKEC TtEPLOXEC Tou MalitkoU ApBou A
— yla Stadopetika 6N aAAnAenidpdoswv

Jta enoueva Jo eEeTAOOUUE —AE BAOK TNV LEXPL CHMEPA YVWON VLA TOL
ZTOWELWON Zwpatidia- v @Uon Twv LoYUpWV Kol dlaFEVWV TTUPNVIKWVY
(B-6Lacomaon) SuvaUEwWY Kol TNV OXEON TOUC UE TIC OLKELEC NAEKTOUOYVNTIKEC
OUVALELC



H KBavtopnyowvikn €lvat n LNXoWLKN TOU ULKPOKOOLOU

e Oepelewwdelc Apxec tng KPavtiknc Mnxaviknc:

— H blakprtotnta: Ot aA\ayeg o€ eva GuUOLKO cuoTnua €lval

O KUHOTOOWMATLOLOKOC OUTOOC TNC UANG

OLAKPLTEC
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e HKBavtkil Mnxavikni mepthapBavet:

Tnv elcaywyn twv TeAeotwv — 2xéon TeAeotwyv kot Quolkwv peyebBwv (1610tNnTEC
TwV PUOIKWV peyeBwv otnv KBavtopnxavikn)

Tnv padnuatikn ieptypodn Twv VAKWY KUpatwy (e€lowon Schroedinger)

Tnv mukvoTnTa TBavoTNTOC (OTATIOTLK EPUNVELQ TNC KUMATOOUVAPTNONCG) KOL TN
dlatipnon tng oAKnAg mbavotnTtog

Tnv Xpovikn €€EALEN VO KBOVTOUNXAVIKOU CUCTHUOATOG

Tn Baotkn Bewpia tou omiv (pa kabapad kBavtiky otpodoppn) .........



H El1kn Oewplol TNC ZXETIKOTNTOC

e Hrtayvutnta petadoonc pLag onotadnmnote dpaoncg dev :',f‘;* \\7A & ]
Urtopel va urntepPBet Tnv taxvTNTA TOU GWTOC: SERIATE

— Yrndpyxel TOTLKOTNTA TWV TTAPATNPROEWV E 5 j

e Mua “aAayn” o€ €va onNUELO OTO XWPOXPOVO YiveTal ; 5 i

avTIANTITA o€ AAAQ onuela apyotepa

* H napatipnon eiva cuvaptnon tn¢ O€ong otov
Xwpoxpovo => Xpeltalopaote MNedia yia va
neptypaPoupe tn Poon

e O ouvbuaouoc tnc KBavtopnyavikng kot tneg Ediknc Oswplog o ———

NG 2xeTkotTNTag - KBavtikn Oswpia Mediou: H Baon ya t reen e rame, bt e
HeAETN Tou Mupnva kot Twv aAAnAemdpacewyv Twv quarks Ko later in the red frame.
leptons Quantum field theory
Small—>
Classical Quantum

mechanics mechanics

Fast |,

Relativistic | Quantum
mechanics field theory (Feynman diagram) 9




Amto Ta VOUKAEovLa ota quarks

size in atoms andinmeters e Atopo: MNuprvoc+ e

1 10" ,
e [lupnvac: p+n

e p,n: quarks+ gluons
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e O AN CUUTTEPIPEPOVTAI oAV anueia !
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Ta otoxelwdn cLUOTATLIKA TN UANG... OTIWC TA YVWPL(OUUE
onuepa

e Katd to KaBlepwpévo MpotuTo tng
Jwpatidlakng Quotkng (pa
KBavtikn Oswpla MNedlov):

— Ta BepeAewwdn cuoTATLKA TNG
UANG 1tou aAAnAemidpouv petau
TOUC gival peppuLovia:

¢ Koudpk Kat Aentovia

Q pIQILPHMY

r

2wHaTidla UANG

— Ol dpopeic Twv aAAnAendpdoswv
urtolovia (cwpatidio Suvapewv)

Leptons

AM3NADAN
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Ol duvapelc tng puonc ...
OTWC TLC YVwpiloupe onpepa (tecoepelg)

Graviton wow z° Photon
(not yet observed) | -
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Ol 6vo meployec otnv Epeuvva tnc Quotkne

1 H duoikn ZTOLXELWOWY ZWHATLOLWY H AGTPO®@UOLKA HEAET& TO ’
i UEAET& TOo ‘ANEIPOOTO’ ‘aneipo’
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To LHC avTIoTOoIXEI
OTIC oUVONKEG €OW
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2TO £pyaoTAPLO EMAVAONULOUPYOULE TIC cuvOnKec Tou “Neapol Zuumnovtocg”

Alyo peta tnv MeyaAn Ekpnén

The Big Bang

10—43 seconds

1032 degrees

1034 seconds

15 thousand + 1 thousand 300 thousand
million years million years " years

cg
/g@

3 degrees 18 degrees 6000 degrees



10-*? sec (1032 K):
Ertoxn tnc KBawvtikne Baputntog

H Baputnta “xwpilctal”
oav OUvaun atro TIG AAAEG OUVAEIG
TTOU TTAPONEVOUV

EVOTTOINMUEVEG OaV dia dUvaun
(Grand Unification)

t<10+ s : The Big Bang

The universe is considered to have expanded from a single
point with an infinitely high energy density (infinite
temperature). Is there a meaning to the question what
existed before the big bang?

t -104s,10%2 K (10 GeV, 10 m) :
Gravity “freezes” out

All particle types (quarks, leptons, gauge bosons, and
undiscovered particles e.g.Higgs, sparticles, gravitons) and
their anti-particles are in a thermal equilibrium (being
created and annihilated at equal rate). These coexist with
photons (radiation).

Through a phase transition gravity "froze" out and became
distinct in its action from the weak, electromagnetic and
strong forces. The other three forces could not be
distinguished from one another in their action on quarks
and leptons. This is the first instance of the breaking of
symmetry amongst the forces.




103> sec (1027 K):
Ertoxn tnc MeyaAnc Evomoinonc

TENOG TNC €TTOXNC TOU TTANBWpPICHOU.
To oupTrav ouveyilel va diaoTtéAetal. Ol
IOXUPEC DUVANEIC dlaxwpiloTal ATTo TIG

NAEKTPAOCOEVEIC

t -1035s, 1027 K (10 GeV, 102 m) :
Inflation

The rate of expansion increases exponentially for a short
period. The universe doubled in size every 10% s. Inflation
stopped at around 10%? s. The universe increased in size by
a factor of 10*=. This is equivalent to an object the size of a
proton swelling to 10'® light years across. The whole
universe is estimated to have had a size of ~10® m at the
end of the period of inflation. However the presently visible
universe was only 3 m in size after inflation. This solves the
problems of ‘horizon’ (how is it possible for two opposing
parts of the present universe to be at the same temperature
when they cannot have interacted with each other before
recombination) and flatness’ (density of matter is close to
the critical density).

t- 10 %2 s : Strong forces freezes out
Through another phase transition the strong force "freezes"
out and a slight excess of matter over anti-matter develops.
This excess, at a level of 1 part in a billion, is sufficient to
give the presently observed predominance of matter over
anti-matter. The temperature is too high for quarks to remain
clumped to form neutrons or protons and so exist in the form
of a quark gluon plasma. The LHC can study this by
colliding together high energy nuclei.
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10-1%9sec (101> K):
Ermtoxn tn¢ HAetpaoBevouc Auvapunc

AlaxwpifovTal ol acOeveic aTTo TIC
NAEKTPOMAYVNTIKEGC DUVAUEIG
H TTukvOTnNTO EVEPYEIAG AVTIOTOIXEI
o€ aut Tou LEP

t-101s, 10" K (100 GeV, 10-* m) :
Electromagnetic and Weak Forces

separate

The energy density corresponds to that at LEP. As the
temperature fell the weak force "freezes" out and all
four forces become distinct in their actions. The
antiquarks annihilate with the quarks leaving a residual
excess of matter. W and Z bosons decay. In general
unstable massive particles disappear when the
temperture falls to a value at which photons from the
black-body radiation do not have sufficient energy to
create a particle-antiparticle pair.
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10+ sec (103 K):
2xNUoTopoc Mpwtoviwv Kot NeTtpoviwv

Ta quark ocuvduadlovTal Kal
oxnuatidouv Ta TTPWTOVIA KAl TA
VETPOVIQ

t-104s,10® K (1 GeV, 10-* m) :
Protons and Neutrons form

The universe has grown to the size of our solar
system. As the temperature drops quark-antiquark
annihilation stops and the remaining quarks
combine to make protons and neutrons.
t=1s,10" K(1 MeV, 10 m) :
Neutrinos decouple

The neutrinos become inactive (essentially do not
participate further in interactions). The electrons
and positrons annihilate and are not recreated. An
excess of electrons is left. The neutron-proton ratio
shifts from 50:50 to 25:75.




102 sec (10° K):
2xnuatiopog Mupnvwv

Ta TTPWTOVIA KAl TA VETPOVIQ
ouvouadlovTal Kal oxnuari¢ouv Toug
TTpwToug TTupnveg (D, He, Li)

t = 3 minutes, 10° K (0.1 MeV, 102 m) :

Nuclei are formed

The temperature is low enough to allow nuclei to be
formed. Conditions are similar to those that exist in stars
today or in thermonuclear bombs. Heavier nuclei such as
deuterium, helium and lithium soak up the neutrons that
are present. Any remaining neutrons decay with a time
constant of ~ 1000 seconds. The neutron-proton ratio is
now 13:87. The bulk constitution of the universe is now in
place consisting essentially of protons (75%) and helium
nuclei. The temperature is still too high to form any atoms
and electrons form a gas of free particles.
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3x10° £€tn (6000 K):

Ermtoxn tou “pwtoc”, ZXNUATLOMOC ATOUWV

To oupTTav yiveral “dlapaveg” Kal
oxnuaridovral Ta TTPWTA ATONA

t = 300 000 years, 6000 K (0.5eV, 10 m) :
‘ Atoms are created
. Electrons begin to stick to nuclei. Atoms of hydrogen, helium

! . and lithium are created. Radiation is no longer energetic enough

to break atoms. The universe becomes transparent. Matter

: density dominates. Astronomy can study the evolution of the
‘ Universe back to this time.
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10° £tn (18 K):
2XNUOTLOMOC TWV YaAaéLwy

2 Xnuariovral ol TTPwTOl
yaAagieg

t =10° years, 18 K : Galaxy

Formation

Local mass density fluctuations act as seeds for
stellar and galaxy formation. The exact mechanism
is still not understood. Nucleosynthesis, synthesis
of heavier nuclei such as carbon up to iron, starts
occurring in the thermonuclear reactors that are
stars. Even heavier elements are synthesized and
dispersed in the brief moment during which stellar
collapse and supernovae explosions occur.
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3 degrees

YTrapxouue !

t=15x10°years, 3 K: Humans
The present day. Chemical processes have linked
atoms to form molecules. From the dust of stars
and through coded messages (DNA) humans
emerge to observe the universe around them.
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H “Evomoinon twv Auvapewv”
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To “Imaocipo tTne Zuppetpioc’
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Ta 2toxelwdn cwpaTidLo TOU KOOHOU MOC

AT TOVIO ——
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Avvapeilc/AANNAETILOPAOELC:
Neplypadovtat pe pio KBavtikn Oswptlo Mediou

‘2 wpaTidla TNS UANG” (spin 1/2) aAANAETTIOPOUV HECW avTaAAQYNC TwV “OCwHaTIdiwV

TNG duvapng” (spin-1)

/q
K q

e\/e

Af\ \

/\

m Electromagnetic m pess————"  \\/ogk S—

Charged Neutral
L> v, J\<e >
a N 5 -
2 ! W io
UK d e/ \e

Electroweak s

4N g q
F i /q

Range =, relative strength =102

Range ~10-®m, relative strength ~10-14

Range ~ 10-'Sm, relative strength = 1

AOvapun ™ “Ytrapén “@optiou” 10 oTT0i0 B0 TTPETTEI VA dlaTnpEiTal
AlatiApnon “@opTtiou” " “YTrapén ZUPHETPIAG

To KaBiepwuévo MpdTutro cival pia KBavTik Bewpia TTediou TToU £XEI TNV
“eowTepIikN auppeTpia” SU(3)xSU(2)xU(1)
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Avolxta Epwtnpata Znuepa

Mw¢ amoktouv Ta cwpatidta pala? V

— Ynapyet to cwpatidlo Higgs?

Yridpyxouv AAAeC ZUpETplec otn Duon?
— Yndpyxet n YnepouppeTpia ?
— loxVUeL n evornoinon tTwv duvapewy ?

Tt elvaw n Zkotewvn YAn ?
Exouv dopn ta quarks?

Moleg elval oL LBLOTNTEG TNE MTUPNVLKNG UANG otnVv umepBepun kKataotaon ¢paong:
quark-gluon m\aopa?
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Nwc dtepevvoupue ta Epwtpata avta?

e [wc MapAyoUUE TA OTOLXELWON cwHOTLOLA Yo va Ta
LLEAETNOOULE?
— To Awdotnua ! Elva ... “Epyootaolo KataokeUNg Zwpatidiwv”....
O LoxupoteEPOC AAA aveEEAEKTOC “tapaywyos” cwpatidiwv

— Ot emutayuvteg ! mou kataokevalovtal otn yn, Elval eAeyYOUEVNC
EVEPYELOC KOl evTtaong “mapaywyol” cwpatidiwv
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Koouikn AktwvoBoAia

2TOIXEIWON oCwaTIdIa PTAVOUV OTN YN
Mag atro 1O ...01a0TNUA !

Koo uikr) AKTIvOBOAia

*AAANAETTIOpACN ME TV ATHOC@AIPA TNG
I'ng

*AEUTEPOYEVNG TTAPAYWYI CWHATIOIWY

*HAekTpOVIa, Miovia, NeTpiva
BouBapdilouv ocuvexwe TNV I'n

31




H (moAwa) tnAsopaon pog :
O amAoUoTEPOC KL ULKPOTEPOC EMLTAYXUVTNC |

... Mapaywynn HAekTpoviwyv

ZTNV TNAE6pAON OOU TA NAEKTPOVIA
emiTaxuvovrtal ora 20 000 BoAr.

210 LEP emitaxovovral oTd
100 000 000 000 BoAT.
KoiAétnta Emitayuvong

~

Mayvitng Kauyng

b

MayviTtng
EoTiaong

ZUuyKpoUOoEIg
-

Asocpwv -
\J

_\\ l/
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Exel edpappoyec otn kaBnueptvn pac {wn n Epeuva yua ta
oToELWSN cwpatidLa?

TexvoBAaoToi-E@apuoyYEC TNG EPEUVAC YIA TA OTOIXEIWON CWHATIOIA

laTpikr) Puoikn:

AlayvwoTikA: Topoypagia

Q¢partreia: EAeyxouevn akTivooAnon
- AVATTTUEN TEXVOAOYIOC AVIXVEUTWV

World Wide Web
Where the Web is born

2UANNWN & AvaTtrtugn TnNG ETTIKOIVWVIAG OTO
O100iKTUO 33




Exel edpappoyec otn kaBnueptvn pac {wn n Epeuva yua ta
oToELWSN cwpatidLa?

TexvoBAaoToi-E@apuoyEC TNS €PEUVAC VIO TA OTOIXEIWON CWHATIOIA

@ [TANPOYOPIKH:
Overview of the EU Data Grid

Avartrtuen TnG MNMAgyuatikngTexvoAoyiag:
Project GRID

The European

. - t, J.f"j. = ~:'
DataGrid Project Team& = '': “ ’
e AW
http://www.eu»datagrid.org/\ -
A
€

\

\

\

O lMNaykéouiog lotog Y1oAoyioTIKN G loxuog Kal
ATT0OnNYEUTIKOU XWPEOU

RIS

ExpeTdAAEUON TWV TTAYKOOMIA DIABECINWY
YTroAoyioTikwy Nopwv
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Edappoyec tne TexvoAoyiag Grid

Floods

teduemetivn Sgciery
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Ot Emttayuvtec 2wpatidlwy onpepa

® EmTaxUvouv ocwpdaTia o€ TTOAU HEYAAEC eVEPYEIEC™ UIKPO MAKOC KUPOTOC
(QupnBeite: kavoupe lMNeipduata okEdaonc A=h/p )

» EmmTaxuvouue QOoPTIONEVA CWUATIA!

® >1n dekaceTia Tou 60 o1 eTTITAXUVTEC ATAV “OTABEPOU OTOXOU”: TA NAEKTPOVIA
TIPOCETTITITAV O€ £va OTOXO (TTPWTOVIA) KAl £XAUE TTAPAYWYH VEWV CWHATIWYV

» 'ETO1 avakaAu@Bnkav Ta quarks....

Detector elements

&,
Fixed-Target " |
Experiments > 1 @ W %
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Ot Emttayuvtec 2wpatidlwy onpepa

Detector elements

& > —
gt .& ‘ P20
ixed-Target o
o> &

Experiments e

® O peyaAlTepocg emmiTaxuvTiig péxpl To 2009 oto Fermilab:

/km proton-antiproton o
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2ALLEPA....

eEva OItO TO ONUOVTILKOTEPO EYXELPHHATO OTNV
totopia tng Muoknc cupPaivel oto CERN, to
LEYAAUTEPO OTOV KOOUO Epyaotplo ZwHaTLOLAKNAC

DuoLKNC,

efekivnoe tov NogpBpn tou 2009.
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To LHC oto CERN

Large Hadron Coll
27 km TrepigeTpog

ider

c
©
=
s
¢
3,
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7 TeV

o

450 GeV
4

SPS

To LHC oto CERN

Emtayxuvréc via 1o LHC

HC EXEI 4m:|é Jara: ATLAS MS LHCb ALICE
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To LHC oto CERN

KUpia rapdueTpog: payvnTiké Xpeialovral UTTEPAYWYIHOI HAYVITES
1T£5lé0 SITT6AWYV TToU KAUTITOUV LHC: wi&n pe ouptmieopévo He (1.9K)
™ SEopun = YuypoTepO pépog oo aupTrav (?)

TeV) = 0.3 B(T) R(km E : . .
Mo pp=( 7 1\-2\, Kal R(= 21.3(km) Yuyeia Taywyng vypou He: kataAw-
vouv 40 MW.

2>B=83T= Psoua: 12 kA

_ Sy
H iSia pnxavi e cupBaTiKoug nAEK- |
TPOHAYVITES Ba EixXE:

A \

1232 high-tech SC dipole magnets

Evépyeia deopwv: 7MJ |
Bdapog SimoAwv: 34tons SRy ﬂ;glpsrpo: 100 km
Nb-Ti Y/A kaA®S10: 7600 ks Diov 2010 RATAVAAWOTN NAEKTP: 1000 MW | 41




H Yrioyewa Znpayya tou LHC kot ot mepapatikes SLaTagels
YEVIKNC okoTipotntac ATLAS kot CMS

Detector characteristics

ATLAS A Toroidal LHC App aratus Muon Detectors Electromagnet{c Calorimeters é % ‘Sliiad;he:ter: ;;m ‘

Weight: 7000t

Forward Calorimeters
End Cap Toroid

T AN N
=
IS
LHC - B CERN
Point 8

TR -==" ATLAS ALICE
o ;| Point1 ==z Point 2

vacuum chamber

central detector
electromagnetic
calorimeter
hadronic
calorimeter

CMS Compact Muon Solenoid

Diameter: 15m
Weight:  14'500t



[MpeTTeL VX axvixveLOOULV
OAX TO CWHOTLOLX TTOU
TTRPAYOVTOL OTHV
oUYyKpouon

AEN ewvol povo d00 T
TTPWTOVLX TTOU
OUYKPOUOVTOL XAAX
TTOA& OUYKEVTPWHEVK
o€ deapidec (bunches)

>e K&Oe dETPN KLUKAOWOPOLV
2808 bunches pe 1,15x101
TTPWTOVLX o€ K&OE bunch,

pe ploe deopida k&Oe 25 ns
TTOU KVTLOTOLXEL O KTTOOTHON
7.5 m peTaED TwV deapidwv

LHC
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Ot Zuykpouoelc oto LHC

"""—E : NpwTtoévio Mpwrévio 2808 opadeg
¢ — NpwTovia/ouada 10"
Q. ' @l "’ Evépyeia mpwToviwv7 TeV (7x1012eV)
- dwreIvoTnNTA 10%cm2s™
Bunch - -
Ry 2473 .;:2 *-‘35'-, Pubuog diaoctalpwong 40 MHz
".’v? —
Proton
@ G PuBuog ouykpouoeswv= 107-10°
Parton .
(uark, goor) (0L Pueué’q napaywyng véag
N duolkng = .00001 Hz
/ \ Ve Higa
Particle \ z EmiAoyn yeyovoTwv:
et USY..... 1 o€ 10,000,000,000,000
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Ou 2uykpovoelc oto LHC (mpooopoiwon)

AAAn/mdpaceig ava
diaoTavpwon:

L=1034 cm—2s1

o(pp) =70 mb

- Rinteractions= 7x1 08 Hz

Time/BC, At =25 ns

Interactions/BC=17.5

80% bunches full:
17.5x5/4 = 23

~ utrépBeon 20
YEYOVOTWV!

Mapadeiypa: n

«XPUCT» UTTOYPa®I)
Tou Higgs:

H—=ZZ, Z—uu, H— 4u:

Kal auTté etravaAappaveral Kabe 25ns !

Reconstructed tracks
with pt > 25 GeV
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Ao tnv ocuvappoAoynon touv CMS 2006
Journey 100 metres towards the centre of the Earth
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The CMS ... Underground

thmowna 2006 |

The bright red The disc emerges | 10 hours later, the
endcap disc from the shaft into disc touches the
(foreground) begins | the CMS cavern | floor of the cavern.
its journey down the | 100m underground.
shaft from ground

level.

05-Dec-10
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To neipapa ATLAS oto CERN
KOTAL TN cuvappoAoynon...







TUTILKA CELPA AVIXVEUTWYV OE€ TIELPOMOTLKNA Slataén

Interaction
point tracking
4 Pmc:xgmx detector

Magnetic
spectrometer

J4933wWii0|ed 213pubewoa3dd)3

J49j32Wii0|ed diuoJpeH

$.10109319p uonp
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Compact Muon Spectrometer, CMS

CRYSTAL ECAL

SUPERCONDUCTING
MAGNET

HCAL

MUON CHAMBERS

PRESHOWER

- FORWARD
- CALORIMETER

22 m

15 m
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Compact Muon Spectrometer, CMS

| | | | | | | |
Om m 2m 3m 4m 5m 6m 7m

Select:

Muon

Electron

Hadron (e.g.Pion)
----- Photon

@ \7'.;:'.

I

l

I

il

Silicon
Tracker

=

Electromagnetic

. }:“l] Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Transversa slice
through CMS

Iron return yoke interspersed
with Muon chambers
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A Toroidal LHC ApparatuS, ATLAS

Muon Detectors Electromagnetic Calorimeters

. Forward Calorimeters
Solenoid

End Cap Toroid

3
M S i e W o W
= T — —!--—— 2

= —

i Inner Detector & ieldi
Ragsiess Hadronic Calorimeters SREE

44 m
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To MNeipapa ATLAS otnv EAAada

Mwovix @ H ovlXvevon TwV MLOVIWV TIOU TIPOKOTITOUV OTIO TLC
OUYKPOUOELG pp O TILEEL KEVTPLKO POANO OTLG OVOKOAOWELG TNG
ETTOPEVNC DEKNETLHC

H EAANXOX OUMMETEXEL OTNV TIPOKANON GUTA TNC ETTILOTAMNG ME ThV
KXTXOKeLH TOL 10% TOUL PAOPXTOHETPOU HLOVIWY, OUVOALKAC EKTRONG
5600 m2

e JULVEPYOOLX TPLWV MaVETTIOTNULWY

e EOVIKO KatrodloTpLloko MaverrioTApLo ABnvwv
e EOVIKO MeTooBLo MoAuTexvelo ABnvwv

e ApLoTOTENELO MNVETTLOTAHULO OeooXAOVIKNC
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To Meipapa ATLAS oto AlNGO

To 1997 onuovpyndnke oto AIIO &va epyactmplo yio tnv
KOTOGKELT) KOL TOV EAEYYO AVIYVELTOV WOVIMV.

e Mix cOVTOMN TTEPLNYNON OTOUC XWPOULC TOV EpyxoTnpilov

Xwpog EAsyxépevwy 2uvbnkwyv =

.......................
----------------
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To Neipapa ATLAS oto AlNGO

e HMpokAnon (1):
KOTOHOKELN XVLXVELTWYV PE GKpLBELX pEPLKWV PLKPWV (pUm)

B —
- RO side -
10 |

0 k

AY (um)

-20

—— 22 Projective
(ELENIE) e -,.—-""'—-'- ) (RASNIK)
WA Y — = NP

B e TR
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To Meipapa ATLAS oto AlNGO

O oTtoxoc-TipokAnan (Il) :

MeT& TNV cLUPBOAR PG OTNV GVRK&ALYWN TOL CWHATLOOL Higgs va
HeAETAOOUUE TIC 1010TNTEC Tou Kail va avalnthocoupe "Néa Suoikn”

... from this ..

~Higgs ->2e+2u |

I. .:I .|’1‘._,‘1'_

o7



Ot 2uykpovoelc oto LHC “onuepa” (2010-2012)

December 2, 2010

1 E, (GeV] ATLAS

Run: 169045

1 E t: 1914004
X Calorimeter Event. 1914004
30 Towers Time: 04:11:44 CET

20

[Mapatnpridnke yia TpwTtn ¢opa OTIC OUYKpouaoelc Pb-Pb n avauevouevn
KATdoTaon TNG UAnG-gaon: quark-gluon TAaoua !
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Ou 2uykpouoelc oto LHC “onuepa” (2010-2012)

v v
v v
/’,‘ o = \
P Y@ - 3 v
& Yoo >
e .
J o » ¥V
4 \b
w
v
o v

[Mapatnperbnke yia TpwTtn ¢opd oTIC ouykpouaoelc Pb-Pb n avauevouevn
KAaraoTtaon tnG UAnG-@acon: quark-gluon mmAacua !




Ou 2uykpouoelc oto LHC “onuepa” (2010-2012)

fragmentation
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Ta pwta amoteAeopata yia to cwpatidlo Higgs Aekeppploc
2011!

oc% ATLAS + CMS Preliminary, \'s = 7 TeV | —— Opserved
3 L, =1.0-2.3 fo'/experiment | mmm Expected + 10
g 10 e ——————————— —- " Expected + 20
E
&
o et
A
ot
...... H
o
LV
10—1 AN U N S TN SO S W RN T TR RO OO YO SO O S0 IO T T T 1 S O U YO O S o
100 200 300 400 500 600

i 2
CERN PUBLIC SEMINAR Higgs boson mass (GeV/c)

Tuesday, 13 December 2011 from 14:00 to 16:00 (Europe/Zurich)
at CERN ( Main Auditorium )

Tuesday, 13 December 2011

14:00 - 14:30 Update on the Standard Model Higgs searches in ATLAS 30’
Speaker: Fabiola Gianotti

14:30 - 15:00 Update on the Standard Model Higgs searches in CMS 30’
Speaker: Guido TONELLI

15:00 - 16:00 Joint question session 1h0’
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H emionun avakoivwon armo to CERN yua tnv avakaAvyn tou
ocwpatidlov Higgs: 4 louAiou 2012!

QAILAS > - . —
hitp://atlos.ch o ATLAS Preliminary 2011 + 2012 Data
~
S 105 —obs Vs=7TeV: fLdt=4.64.810" -
. : = : = 4.6-4, =
& - B \$=8TeV: [Ldt=5.8-59"
-‘é‘ - B 10 i
:_—j B D 12 (8] -
- B a
(&)
o  angand
»
(o] L
}—
107 CLs Limit :
. s Limits =
L_l A S——1 — L LJ
100 200 300 400 500 600
m,, [GeV]

w8 O1 Peter Higgs xau Francois Englert ooyxiviuévor
ameLHOHVOVY TO AKPWATHPLO UETC. THY OVOKOIVWTH THS
avarxaivyng tov Higgs onig 4 lovliov 2012

....BAETTE APBPO OTO TTPOCPATO TEUXOG TOU TTEPIODIKOU

Paivouevo Tou TuRuaTtog Puaoikng o
)



Avakedalaiwon

* H ®uoik) Tou MIKPOKOOUOU £XEI CNUEIWOEI TEPAOTIA
TTPO0O0 OTNV TEAEUTAIA OEKAETIO

* MeydaAol EtmiTaxuvTeg Kal TTEPITTAOKOI AVIXVEUTEC
UTTOPOUV va dIEPEUVIIOOUV BaBeid oTnV apxn Tou
XPOVOU Kal TOU 2UUTTaVTOC

 H EAAGOQ €DW KaI TTEPITTOU PiA EIKOCOETIO CUMMETEXEL
EVEPYA OTNV £€PEUVA QUTH MEOW TWV MaveTTioTNHiWY Kal
TwVv EpeguvnTikwy TG KEvTpwyv

63



A&lleL ToV KOO Vo LOBw KaTtola PacLKA TIPAYUOTO VIO TO
OTOLXELWON owpaTLL?

O avedixviaotog KOONOG TOU ATTEIPOCTOU COG
TTEPIMEVEI VIO VA OOC ATTOKAAUWEI TA HUCTIKA TOU
ATtreipou, TOU ZUMTTAVTOG

64



ALLAOT AR

B . o
'r \\
- - —_— « ®
» — . »
|
-
Y .
— P - ——
’ p -
A"'l' 1)

A'r'_l
!
|

l.

ATTO Trpooopuoiwon: A mini-blackhole in ATLAS !
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lotopikn Avadpopn: Atopo & Mupnvag

1911 - Rutherford (Geiger & Marsden)

¢ 2KESQON CWHATISIWY A

e XInueiakn pala TTuprva HE ONHEIOKS popTio

1919 — Rutherford

+ Mpwrtn Trupnvikn avridpaon (14N + a — 170 + p)

e AvVaKdAuyn TOU TTPpWTOVIOU

1920 - Rutherford

o Ymo0eon Utraping ouderépou cwuartidiou oTov TTUPVa

1932 - Chadwick

¢+ AvakdaAuwn Tou verpoviou ato 1n okédaon cwuarnidiwv a o€ Be

polonium source
/

e

| 9 12 I
a+,Be—  C+n

Beryllium

B

-

E—

=
I——

Geiger counter

~1000V
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lotopikny Avadpopun: Auvapelg & Zwpatio

1933 — Anderson

+ AvakdAuyn Ttou TTodiTpoviou (avTiuAng)

1937 — Street & Stevenson
+ AvakdAuyn Tou pioviou («BapU nAeKTpOVior!)
1938 — Hahn, Strassmann & Meitner, 1942 — Fermi

¢ AvakdAuwyn Tng TTUPNVIKAG OXAoNg
o EAegyxopevn Zxdaon, mpwTtog TTUPNVIKOG avTIOpACTHPAG

1947 — Powell et al.

+ AvakdAuyn Tou mioviou (akoAouBouv: kaoévio, A, p, n, K*, ...!)

1956 — Raines & Cowan

+ AvakdAuyn veTpivou

1969 — Kendall-Friedman-Taylor

o AvakdAuyn OOMHNAG TTPWTOVIWYV (TWV KOUAPK)
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lotopikny Avadpopun: Auvapelg & Zwpatio

1974 — Ting & Richter

+ AvakdaAuyn c quark (November revolution)
1976 - Perl
¢+ AvakdaAuyn Aetrtoviou T (TpiTn YEVVIA UANG!)
1977 — Lederman
+ AvakdaAuwn b-quark
1983-84 — Rubbia (Treipapa UA1)
¢+ AvakaAuyn ptroloviwv W&Z (nAektpaocBeviig aAAnAetridpacn)
1995 — CDF/DO0 (FermiLab)

+ AvakdaAuyn tou t quark (Mep1odikog Tivakag Kabiepwuévou
MNMpoTtuTtToU)
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