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Tt Ba paboupe (1)

e To ATELpPOOTO KoLl To ATIELPO
— Nwc ouvvdeovtal?
— Tatl pog evoladepel?

— MéxpLmiou pTAVEL N yvwon pag cnuepa’?

* BaowKA XapaKTNPLOTIKA Kol LOLOTNTEC TWV OCWHATLO LWV
— Oepuovia & Mmnolovia :
e H JTOTLOTLKN TTOU UTTOLKOUOUV

e H Kupatoouvaptnon Tavtoonuwv Mmoloviwv kat Qeputoviwy
— Jwpatia & Avilowpatia



Tt Ba paBoupe (I1)

e Otepeewwdn Zuotatikad tne YANC - To KaBlepwpévo MNpodtuTmo
— To BepeAelwdn cuoTATIKA TWV cwHATIOLWY TTou aAAnAemiidpouv ival
bepuLOVIQ:
e Kouadpk kot Asmttovia oto KaBiepwpévo Mpodtumo

— OLoUVOETOL OXNUATLOMOL TWV KOUAPK Elval:
e Abpovia : Bapuovia kal Meoovia

e  AMnAendpaoelc petall cwpatidiwy - Ta eidn Twv duvapewy -medlwv- otn
ocwpatidlakn duokn
— H yevikeupévn €vola tou poptiou kot Tou ediou

— Ta daypappata Feynman

e HAektpopayvntikeg & aoBeveic aAAnAemidpAaoeLg
e loxup€g aAAnAemdpAoELS



Tt Ba paboupe (M)

* Juppetpieg kot Nopol Atatipnong ot AAANAeTS pAoELg
— AvaAlolwTo Kol TEAEOTEC 0TNV KBAVTOUNXAVLKN)
— Metatornioelc Kal otpodeC - Statipnon Eveépyelag kat
2TPOGOPUNG
— Opotiuia (parity)
— 2uluyla poptiou
— Xpovikn avaotpodn
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EkAaikevpeva BLPALa yia ta ZTolXeElwdn ZwpatLa

e Steven Weinberg: The First Three Minutes (ko petadppacpévo)
e Steven Weinberg: Towards the Theory of Everything
e  H.Fritsch: Quarks, The Stuff of Matter
e Simon Sih: The Big Bang (kal petappacuevo)
e Michio Kaku:
» MapdAAnAa Zupmavta
» YIeEPXWPOC
» H Quoikn tou Aduvatou
e Brian Green: To Yniépoyo ZUumnav

e Bruce Schumm: H payeia tng cwpatidlaknc GuoLkng



... 0TOUC Mupnvec

OL upnVvec eival TePMAOKA CUCTAMATO TTOAAWY CWHATWY TTOU CUYKPATOUVTOLL
LETAEL TOUC e SUVAUELG EAAXLOTO KATOVONTEC

O Bewpeiec/poviéla TnG cupumepLpopac Kat tTne SOURS Tou muprva Sev
TEPLYpAPOVTOL UE EVA EVLOLO TIPOTUTIO

O Bswpelec/poviéla TnG oupmepLlpopac kat SoUne Twv nupnvwyv aAlalouv:
— yla StadopeTikeC tepLloxEC Tou Malitkou AplBuou 4
— yla Stadpopetikd €ldn aAAnAemnidpaoswv

Jta emoueva Ua eéeTaoov e —AE BAON TNV HEXPL OAMEPA YVWON VLA TA
ZTOWXELWON ZWHATIOLO- TV PUCN TWV LOXUPWV Kol AOTEVWV TTUPNVIKWV
(6-6taomnaon) Suvauewv Kat TNV OXECGN TOUG UE TIC OLKELEC NAEKTOUAYVNTIKEC
OUVOLELC



H KBoawvtopnyovikn eival n UnXovikn Tou PLKpOKOGUOU

e Otguelewwdelg Apxec tng KBavtikng Mnxaviknc:
— O kvpatoowpatTdLakog duiopoc Tne VANG

— H bltakprrotnto: Ot aAAayEC o€ €va puOLKO cuoTnua elval
SLaKPLTEC

state 2 energy =i
AN A I Y N N IR I bz Fuy bor

Wavelength / nm state 1 energy = ‘sz

e HKBavtik Mnxovikn meptAapBavet:

— Tnv eloaywyn Twv TeAeotwyv — 2x€on TeAeotwv Kal Quolkwv peyebBwv (1616tNTeg
TwV GUCLKWV peyeBwv otnv KBavtounxovikn)

—  Tnv padnuoatikn meptypadn Twv VALKwV kKupatwy (e€lowon  Schroedinger)

—  Tnv nukvotnta mbavotntag (OTATLOTIKY) EPUNVELQ TG KUUOTOOUVAPTNONG) KAl TN
Sdtatrpnon tng oAkAg TBavotnTag

— Tnv xpovikn €€EALEN EVOG KBAVTOUNXOVLKOU GUGTIUOTOC

— Tn Baowkn Bswpla tou omiv (Uia kaBapd KBavTk oTPodopun) .........



H ElOkn Ogwpiat TNG ZXETIKOTNTOG

H tayutnta petadoonc pag onotadnmnote dpaong dev
Uropet va uttepPBel TNV TaxuTNTA TOU PWTOC:
— Ynapxet TomkotnTA TWV TTAPATNPHOEWV
e Mua “aAAayn” og Eva onpeLO O0TO XWPOXPOVO YLVETOL
QVTIANTITH 0 AAAOL onUELa olpyOTEPQL
* H napatipnon eivat cuvaptnon tng 0€ong otov
Xwpoxpovo = Xperalopaote Media yia va
neptypaypovpe tn Ouon

O ouvbduaopog tng KBavtopnyovikng kat tng Edikng Oswplog
NG Zxetkotntacg - KBavtikn Oswpia Mediou: H Baon yia tn
HeAETN Tou Mupnva Kat Twv aAAnAemidpaocewv Twv quarks kot

leptons
Small—>»
Classical Quantum
mechanics mechanics
Fast ||
Relativistic Quantum
mechanics | field theory
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Event B is simultaneous with Ainthe &
green reference frame, but it occurred
before in the blue frame, and will occur
later in the red frame.

Quantum field theory

(Feynman diagram)



Ao ta voukAgovia ota quarks

size in atoms andinmeters e Atopo: Mupnvac+ e

1 10" ,
e [lupnvag: p+n

e p,n: quarks+ gluons

1 -14
e e 10
10,000 e quarks: ???? Eivaw
- BepeAelwdn?
g : 1 10-15
& 10 - NN I
z E © 100,000 (
% 1 g o
§ 10 ) * 1 y Y 10-18
Earl L : 100,000000 & ‘€ ...,
0 _MK
10" oot / \ Méxpr 10~ fm Ta quark
19(-)(; | ;92(; | 1940 | ;96(.) | ?{3/0 | 2000 U|J1T£p|(|)£pOVTGI oav OT”J£|G '
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Ta otolxelwdn cuoTATKA TNC UANG... OTIWCE To yWWPL{OUUE
onuepa

e Katd to KaBlepwpevo MpoTturmo tng
Jwpatdlakng Guotkic (Ha
KBawvtik Oswpia Nediov):

— To BepeAelwdn cUCTATIKA TNG
UANG tou aAAnAemidpolv petall
TOUC €lval depuLovia:

e Koudpk Kat Asmttovia

Q pIQILPNMY

-~

ZWwHaTidla UANG

— Ot Popeic twv aAAnAenidpdaoswv
urtolovia (cwuatiSia Suvapewv)

Leptons

AM3NADAN
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Ot duvapelg tng puvong ...
OTIWC TLC YVwpllov e onuepa (tecoepeLq)

Carried
By Graviton

(not yet observed)
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Ol 6Vo meploxec otnv Epevva tnc Guotknc

B 1 H®uoikn ZTOXELWBWY ZWHATSIWY  H AgTpo@uatkA peheT& TO |
UEAETE TO "AMEIPOCTO’ ‘angipo’

)
m - m
Q 0P 1072 107 100 103 10;37 "10 3 100 109 1012 1015 1018 1921 o2 »

Mikpoaokonia KIGAIQ " OnTika TnAgokonia
= - PadioTnAeokonia
' Fupvo "
EmiTaxuvTeg '
ari
>wHaTIdiwV : '
2 A
AVIXVEUTEG
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H loTopia Tou 2UPTTaVTOC

To LHC avTioTOIXEI
OTiC OUVBNKEC 0w
—

Inflation

Key: W, Z bosons N\S\s photon
q quark &) meson star

g gluon @“baryon -

L/

€ electron - ion y ' galaxy

Mhuon t tau black
n tri atom i
neutrino Role

Particle Data Group, LBNL, © 2000. Supported by DOE and NSF



2TO £pyaoTnpLo emavadnULOUpyoUE TG cuvOnkec Tou “Neapou Zuumnovtog”

Alyo peta tnv MeyalAn Ekpnén

The Big Bang

|||||

10"

1043 seconds

1032 degrees

10—34 seconds

10%’degrees

15 thousand + 1 thousand 300 thousand
million years million years * He years

S?HQ““ |
R -3

3 degrees 18 degrees Q 6000 degrees



1042 sec (1032 K):
Ertoxn tng KBavtikng Baputntag

H BapuTtnTa “xwpiletal”
gav OUvaun atro TIG AANEG OUVAMEIG
TTOU TTOPANEVOUV
EVOTTOINUEVEG OV [ia duvaun
(Grand Unification)

t<104 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,102 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.




10-3>sec (1027 K):
Ertoxn thc MeyaAncg Evomoinong

TENOG TNG €TTOXNAG TOU TTANBWpPICHOU.
To oupTtrav ouveyicel va diaoTtéAeTal. Ol
I0XUPEG DUVAEIG DlaxwpidoTal ATTo TIG

NAEKTPOOOEVEIC

t -1035s,107 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 102 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- 1032 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 (10%° K):
Ertoxn tng HAetpaoBevouc Auvaung

Alaxwpilovtal oI a0BeVEIC ATTO TIC
NAEKTPOPAYVNTIKEC QUVAMEIG
H 1TukvOoTNTa EVEPYEIAC AVTIOTOIXEI
o€ autn Tou LEP

t-101°s, 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 (1013 K):
2xNUaTopoc NMpwtoviwyv kot NeTpoviwy

s

Ta quark cuvdudadlovTai Kal
oxnMaridouv 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.
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102 sec (10° K):
2xnuatiopoc Nupnvwy

Ta TTpwTOVIA KAl TO VETPOVIA
ouvouadovTal Kal oXNUaTi(ouVv TOUg
TTpwToug Trupnveg (D, He, Li)

t = 3 minutes, 10° K (0.1 MeV, 10-2m) :
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):

Ertoxn tou “dwtoc”, ZXNUATIONOC ATOUWV

To gupTrav yivetal “dlagpaveg” Kal
oxnMaridovral Ta TTPWTA ATONA

t = 300 000 years, 6000 K (0.5 eV, 10 m) :

. Atoms are created
° Electrons begin to stick to nuclei. Atoms of hydrogen, helium

f v 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 YaAaéLwV

2XNuartiovral ol TTPWTO!I
YaAacieg

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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And8oon ota eAAnvikd: N.A. Tpakag

Bapb /%N
Aropo | H /

Bapd aotép
.

Ipotoyalaiiog

Aropo Y8poydvou
-

:"/.o. /'\ (’

( ~/Azopo HAiov

Q,

© nvpivag Hrdov

2 1povia
Ilp®rol
Yrepkaivopaveig
(Supernovae)

Anpiovpyia actépav

kat yalaidv 1 diozkK.
commmp—

7povia

To Edprav yivetal Siapavég
Awxopiopds  10° g
6},11‘; Kot e
axktivoBoAiog

3
& Anpovpyia
aTopwV

Igpiodog
P OTOVIOV

2
NovkAgosvveson HAiov 10 s

EEagdvion tov ;

rolitpoviev n39‘°§°9
» Asntoviov
4 Adopevon TOV KOLAPK
FJAnuiovpyia TpOTOVIOV

KaL vETpovioy

; EEaodvion avTioAng
i HAextpachevig Tepiodog
3 Ilepiodog Kovapx

34
10 s
e ———

H lotoplo Tou 2ZUUITaVTOC

1 dio¢eK.
Xpovia

(e 102 sec

(m 1018 sec

¢&m 1034 sec

(e 1043 sec

Anpioupyia aoTépwy Ka
yaAagiwv

Anpioupyia rpwroviwv
KOl VETPOViWV

ESagavion avtiuAng

EvoTtroinon Twv
NAEKTpOaCBEVWYV
duvapewv

Emitaxuvrtég : SPS, LEP,
LHC

MeyaAo-Evotroinon twv
Auvapewv

24



H “Evomoinon twv Auvapewv”

‘ A3 '
. . BaputnTta
Q 4 4 -G‘) 8 ' '
5 0_, E 4 v §& Toxupeg MupnVIKeS
|@ \ E\ c ; :
e o HAeKTpoONAyVvNTIKEC c
) 9 \ %0 ¢
5 & 9 O
) 3 gg OJ
°% : O
AcBevelc -
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3 : & N 3 - 5 5 g = Time in's
B 2 ]
o o o o o o - = 3 3 2 Energy in GeV
° o N = = - ! o © iR
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To “Znaotpo tnC ZUppETpLac”

electromagnetic
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Ta 2toxelwdn cwpatidlo Tou KOOUOU LA

mmmm AsTTTOVIO ——

Electrona 1 0

Electron
Neutrino

memsmms Quarks m——

Electric Charge

Down C'-ua 2/3{ Up

each quark: R, B, G 3colors

I'Aouévm(sm

vowv
00¢ —y

Quarks

*®

Megévia ~
Bapuévia Mupriveg

dwrévia 4 A
/

AToua

Dwg

Xnueia
HAekTpovIKa

. 9

mmmm loyupr) mmmmmmmm HAsKTpOHAYVNTIOHOG M

MpapiTévio?

4/_0
_©

HAlaké clUoTnua O
MNaAagieg

Maupeg Tputreg -

EEmE BapUTnTa NN N AcOtviC I

M1rolévia
W,Z

-

AiGoTraon verpoviou

AxTivoBoAia B
AAANAETIOPACEIG VETPIV!
Kalton nAiou

?

v

27



Avvapelc/ANNAETILO pAOELC

Nepypadovrtal pe pio KBavtikn Oswpla MNediov

m Electromagnetic m

TNG duvaung” (spin-1)

2 WHaTidla TNG UANG” (spin 1/2) aAANAeTTIOPOUV JEOW avTaAAQYAS TwV “CWHATIOIWYV

Electroweak messssssssssssssmmm

/q

q

e\/e

Afx \

/\

Charged Neutral
u>m<9 >4
d W Ve e

Range =, relative strength =102

mnsssmm— \MNeak ——

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

q\‘}_'gz/cr
-7 N\;

Range ~ 10-'5m, relative strength = 1

AOvaun = “Ytrapén “@optiou” 10 01T0i0 B0 TTPETTEI VA dlATNPEITAI

AlatiApnon “@optiou” = “Y1rapén ZUMHETPIOG

To KaBigpwuévo MpdTuTtro ival pia KBavTikr Bswpia 1Tediou TToU £XEI TNV
“eowTepIK ouppeTpia’: SU(3)xSU(2)xU(1)
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atom~10%cm

Ta otolxelwdn cwpatidla

electron
<10"%cm

proton
(neutron)

nucleus
~10""%cm
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Ta otolxelwdn cwpatidbla- KabBiepwpevo Mpotumo

O1 010d0TEC TWV OUVANEWV

P
Q \

€

u T Higgs boson ' ' W
[T,

®‘ ’ Forces
‘ UAN TOU KOOHOU Hag -. i *coilimasca

Leptons



H avtaAlayn cwpatidlwy “mapayel” SUVALLELG

L4
RICHARD FEYNMAN B3
MY L
L4
' - b “y »

Y i i o at ¥ o oW W W W

Feynman diagram

e e e €

e e 7Y
e 7YY Ve

e e
e e e e

Ooo BapuTtepo cival To owpaTidlo aviaAAayns —
‘0 PopEac TNG dUvAPNG” — TOOO MIKPOTEPN N EMPEAEIO TNG dUVAUNG
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O1 Auvaéueic Tng duonc

Iloyvpég
Metadidovtal pue 10
YKAOVOVIO

Proton
ZUYRPUTOVY TU APETOVIC KU1 VETPOVIC GTOV TUPIHVU
ZuyKpoTOOY To quarks 6To TPOTOVIC KU TA VETPOVIY

Bapotikég

MeTadidovtal pue Ta
TKpaprrovia

AVOYKGZ0UY TO OVTIKETHEVY IE NOI0 VU TEQTOLY
AW TPovY TI| Y1) KU1 TOLS TAUNVITES YUPG UG TOV 1)A10

Acbevelg
Metadioovrar pe TaW
& 70

IIpoKUL0UV TV S1AGTUGT TOV PUSIEVEPTOV TUPIVEY

AWNHOPOOVOLY TNV EVTUGT TI|S NAUKIS EVEPYEWUS

HAiextpopayvntikég

Metadisovtal pe QOTOVIQ

ZuyKpUTOOY TU NAEKTPOVIL YUPE® U0 TOV TPV
EvBvvovTtal yiu Tig 1 KES ovTIdpacel]
Hiektpropog, Pog, Aktivofoiia ...
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H avtlAn

Na kG0 cwpartidio YITApXEl TO AVTI-OWHATIOIO

@ ©
@

2wHaTidla Kal AvTIiowHaTiOIo £XouV
avTIiOETO NAEKTPIKO QOpPTIO

14 d10. Xpovia mpiv, n MeydAn ékpnén dMIOUPYNOE UAN Kal avTiUAN o€
i0€G TTOOOTNTES. YITAPXOUME YIOTI OEV UTTAPXEI AVTIUAN.
Nwg e€apavioTnke n avTiuAn?
33



To mpoBAnua tng pagag

U -

Y KAl g Ci‘
dev €xouv padla

S @

PROTONE
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Duoikr} ZToIXEIWOWV ZWPATIdIWV

. To KaBigpwpuévo MpotuTtro (KIM)

.‘_,v‘ .

P

Quarks

Ano 1i aoteAeiTtal To Zuumav

ZKOT&IVﬁ ‘
UAN w EVEPYEIQ

*  Me 10 KI puTTOpOUE VA £ENYNOOUNE EVA EVTUTTWOIOKA HEYAAO HEPOC TWV TTEIPANATIKWV
ATTOTEAEOUATWY YIA TIC AAANAETTIOPACEIC TWV YVWOTWY CWHATIOIWY

* ...0AAG auTd a@opouv PHovo 1o 4% Tou oUNTTaVTOC!

Yrmapxouv dAAwv €1dwv owuaridia / aAAnAemdpdocic;
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Avatravinra epwTtruaTta otn Puoiki

Composition of the Universe

[Moia €ival n npogAeuon Tn¢G padac ?

DARK ENERGY

raTti dev unapxel 100duvapn avri-uAn?

Ti €ival n aB€atn n OKOTEIVI] UAN?

ORDINARY
MATTER

EvwvovTtal oAec ol duvapeic padi?
Ynapxel YNEPOUPMUETPIA?

Ynapyxouv aAAa €idn duvapewyv?

: ' ' 2
Ynapxel To cwpaTidlo higgs: NAI / Yes
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AvaTtravrnTa epwThHuaTa

“Never in the history of science have we been so aware of our

ignorance,”
“Today we know that we do not know anything about what makes up

95% of our Universe”.

[loTé arnv IoTOPIa TNC ETTIOTHMUNG HAC OEV yvwpilaue TOOO KaAd Tnv
ayvoid uag.

2Nuepa yvwpilouue ot dev yvwpilouue TITToTa yia QuTo TTOU KAVEI TO
95% rou 20urmravro¢

Apr 2011
. Roberto Battiston

-

AMS exp.
Deputy Spokesperson.

37



FPARTICLES THAT
MAKE UF MATTER

QUARK ELECTRON

THEQRETICAL
PLANE DIVIDING
TWO REALMS

THEIR

“SPARTICLE™ “SQUARK™ "“SELECTRON"

PARTNERS

YTTEPOUMPUETPIO ?

superparticles

FARTICLES THAT
MEDIATE FORTCES

PHOTOM GLUON

“PHOTINO™  “GLUINO™

Y YR

HIGGS
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[lepioooTEPEC ATTO 3 DIAOTACEIC ?

JoAnne Hewett, Public Lecture, April 2006

» Also comes with many new particles for LHC to discover!
« Sometimes more Higgs bosons

* However, in some cases, no “obvious” Higgs boson.
39



Avolxta Epwtnupata Znuepa

Mw¢ amokTouV ta cwpatidla pala? v

— Yrndpyxel to owpatidlo Higgs?

Yriapyouv AAAeC ZuppeTpiec otn Quon?
— Ymdpyel n Ymepouppetpia ?

— loxveL n evonoinon tTwv duvapewy ?

Tieival n Zkotewvn 'YAn ?
‘Exouv doun ta quarks?

Molég elval oL LBLOTNTEC TNE TTUPNVLKNG UANC oTnV uTtEPBEPUN Kataotaon ¢aonc:
quark-gluon mAaopa?
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Nwc dtepevvol e Ta Epwtnpata avta’?

e [w¢ MoPAYOULE Ta OTOLXELWON cwpatidLa yia va ta
LLEAETACOUE?
— To Aldotnua ! Etvat ... “Epyootdoio Kataokeung Zwpatdiwv”....
O LoxupoTeEPOC AAAQ aveEEAEKTOC “Ttapaywyos” cwuaTidlwy

— Ot emutayuvteg ! mou kataokevalovtol otn yr, elvat eAeyXOLEVNC
EVEPVYELOC KL EvToonc “mapaywyol” owpatdiwy
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Agpootato
30 000m

Koopikn AktivoBoAia

\ Concorde
15 000m

2TOIXEIWON CWHATIOIO PTAVOUV OTN YN
pag ato To ...0lIacTNUa |

Koo uikr) AKTivo3oAia

*AANAETTIOPOON PE TNV ATUOCPAIPA TNG
'ng

*AgUTEPOYEVNC TTAPAYWYN CWHATIOIWV

*HAekTpOVIa, Miovia, NeTpiva
BouBapdilouv cuvexwc TNV I'n
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H (maAwd) tnAeopaon poc :
O amAoUoTEPOC KAl ULKPOTEPOC ETLTAXVVTNC !

... Mapaywyn HAekTpoviwv

ZTNV TNAE6PpAON OOU TA NAEKTPOVIA
emiTaxuvovrtal ota 20 000 BoAr.

Zto LEP emitaxuvovrtal ota
100 000 000 000 BoOAT.
‘Kou)\érm'a Emrayuvong

Mayvitng Kauyng

@

OdaAapog

% MayviTng
Kevou

EoTtiaong
ZUYyKpoOUOEIg

- Asopwv -
\j

_\\ ly

43



Exel epappoyec otn KaBnuepvn pac (wn N €peuva yLa ta
oToLXElwoN ocwpatidla?

TexvoBAaoToi-E@QapuoyEC TG EPEUVAC YIA TA OTOIXEIWON CWHATIOIN

laTpikr) Puoikn:

AlayvwoTiki: Touoypagia

O¢partreia: EAeyxduevn akTivooAnon
nmp ump AVATTTUCH TEXVOAOYIAC QVIXVEUTWV

World Wide Web

Where the Web is born

2UAANWN & AvaTttu¢n TnG €TTIKOIVWVIAG OTO
d1adiKTUO 44




Exel epappoyec otn KaBnuepvn pac (wn N €peuva yLa ta
oToLXElwoN ocwpatidla?

TexvoBAaoToi-E@apuoyEC TNG €PEUVAC YIa TA OTOIXEIWON CWHATIOIN

[MANpo@opPIKA:
i i Avarrtugn tng MNMAeypaTtikAgTexvoAloyiag:
g:oej;vcltew of the EU Data Grid GRID

O Maykdéopiog lotd¢ YTroloyioTIKAS loxuocg kal
ATT0ONYEUTIKOU XWPOU

The European

DataGrid Project Team&
http://www.eu-datagrid.org/~ =

RN

ExueTGAAEUON TWV TTAYKOOUIO DIOBETIUWY
YT1roAoyioTIKwyv Nopwv
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Ot Emttayuvtec Zwpoatidblwyv ocnuepa
EmiTaxuvouv cwuAaTIa O€ TTOAU HEYAAEG EVEPYEIEG™ UIKPO UNKOG KUPATOG
(QupnBeite: kavouue lMeipaparta okEdaong A=h/p )

EmTaxuvouue QopTIONEVO CWUATION

» 'EXOUME ETTITAXUVTEC NAEKTPOVIWV Kal/f} TIPWTOVIWV

21N OekaeTia Tou 60 01 ETTITAXUVTEC ATAV “OTABEPOU OTOXOU”: Ta NAEKTPOVIA
TTPOCETTITITAV O€ £va OTOXO (TTPWTOVIA) KAl EXAUE TTAPAYWYI) VEWY CWHATIWY

» ‘E1o1 avakaAu@Onkav ta quarks.... Y P

Colliding- Be’im E\pex iments s
_.: __T : B - lu===-=au \.ﬁ pl - -pZ

particle particle
detector

% o=
— Py =0
Fixed-Target W e ; % 46

=&
X
Experiments .



Ot Emttayuvtec Zwpoatidblwyv ocnuepa

Detector elements

3; ﬁ Pl = 'Pz

detector
&
—)0 =0
Fixed-Target ‘\
o &

Experiments e

® O peyaAuTepog emmiTaxuvtig péxpl To 2009 oto Fermilab:

7km proton-antiproton —

Tevatron
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2ALLEPA....

*Eva ot T GNLOVTLKOTEPA EYXELPLOTA OTNV
totopia tnc Muowkng cupPBaivel oto CERN, to
LEYAAUTEPO OTOV KOOMO Epyaotnplo ZwHatidLlaknC
DuoLKNC,

efekivnoe tov NoEuBpn touv 2009.

48



To LHC oto CERN

Large Hadron Collider

27 ki» T“"‘““‘”g S-S = |ac Leman

P T & -A.. g;&\.
- et it - ——




To LHC oto CERN

Y Emraxuvtéc yia o LHC

LHC
450 GeV pauarta: ATLAS, CMS, LHCDb, ALICE

e~ — -

SPS =

26 GeV ; ‘ - : _
A
PS

1.4 GeV




To LHC oto CERN

KUpia TapdueTpog: payvnTiko Xpe1afovTal UTTEPAYWYIHOI HAYVITES

m:ﬁug SITéAwv TTou KGUTITOUV LHC: wi&n pe oupmieopévo He (1.9K)

™ Seopn - = YuxpoTePO HEPOS OTO CUNTTAV (?)
RS R ) B ) Wuyeia aywyng uypou He: karaAw-

Nap=7TeVkaiR=4.3 km Y SYSOYELS YR g

2 B=8.3T = Psupa: 12 kA vouv 40 MW.

) . L
1232 high-tech SC dipole magnets H iSia pnyavi) pe oupBamxoug nhgx-
Evépyeia SECUWV: 7MJ W ret ot A LSS Ba eixe:
Bdapog SIroAwv: 34 tons * Nepiperpo: 100 km
pPog Igoavwvn NVIKA/Z10! Zg -
Nb-Ti Y/A kaAwdio: 7600 kmes viou 2010 RATAVAAwonN nAekTp: 1000 MW




H Yrioyela Znpayya tou LHC Kot oL TIELpOATLKEG OLATAEELC
VEVIKNC okorpotntoc ATLAS kot CMS

Weight: 7000t

Solenoid \u\\\ i CERN AC - ATLAS V1997
\\ Forward Calorimeters
\ \\ End Cap Toroid

2] Detector characteristics
ATLAS A TorOIdal LHC App aratus Muon Detectors Electromagnet‘ic Calorimeters é% ‘[I;éia‘ir;':ter: ;;2

* AN Y
A~ §
ESSSSSSSSNE
LHC - B CERN
e Sl -== ATLAS ALICE

o Point 1 %Point 2

i Inner Detector ieldi
Barrel Torold Hadronic Calorimeters Shielding

vacuum chamber

central detector

electromagnetic
calorimeter

= — N hadronic
7 ) == S calorimeter
.’.’——r\ A - :
meE ) &

Weight: ~ 14'500t



[MpETTEL VX )XVLXVEDTOLV
OAX T CWHATLOLX TTOV
TTXPXYOVTOL OTNV
ogl0ykpouaon

AEN gwval povo d00 T
TTPWTOVLX TTOU
OUYKPOUOVTOL AKX
TTOAGK OUYKEVTPWHEVX
o€ deopidec (bunches)

> K&OE dETUN KUKAOWYOPOUV
2808 bunches pe 1,15x101
TIPWTOVLX 0€ K&Oe bunch,

HE plax deopida k&Oe 25 ns
TTOU KVTLOTOLXEL 0 XTTOOTHON
7.5 m HETRED TWV deTpidwv

LHC
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Ot 2Zuykpovoelc oto LHC

Bunch -

v
. .
!“ % g, T "': 2

‘Wn » ."
-

Q9 O

Parton _
D/
(quark, gluon) , j/ .

d\\éLk)’

Particle A \
jet

Higa

s Susy....

MNpwrtovio MNpwrévio 2808 opadeg

NpwTovia/ouada 10™
Evépyela mpwroviwv7 TeV (7x1012eV)
dwreivoTnTa 10%cm2s-"

Pubuog diactalpwong 40 MHz
Pubuodg ouykpouoswv= 107-10°

PuBuocg napaywyng véag
duoLkNg = .00001 Hz

ETmiAoyr yeyovoTwv:
1 o€ 10,000,000,000,000
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ATTO TA TTEIPAPATA 2ZTOIXEIWOWYV 2WHATIOIWY pabaivoupe

:

-
o

-
(=

—_
o

-

Temperature (° K)
o

—_
o

—t
o

31

N
(3))

[y
w

—
w

-~J

Yia TO 2UdTTOV

[Evorioinon? | [Hhextoaobeveic |

,

Wpolation

LHC

Nucleo-
synthesis

/

. pp REE LHC
ions
| } -
10 10's 10%  3min 15 Billion "8
Years [

Time after Big Bang



O 2uykpovoelc oto LHC (mpoocopoiwaon)

AAMNn/mdpaoceig ava
diaoTavpwon:

L=10% cm—2s-1

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—=2Z, Z—=uu, H— 4u:

Kal auTté etravaAaupaveral kaOe 25ns !

Reconstructed tracks
with pt > 25 GeV
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TUTILKA OELPA AVLXVEUTWYV OE TIELPAMLATIKN OLlataén

Interaction
point tracking
Brecisi
< "‘m’e’;ﬁ‘;’“" detector

Magnetic
spectrometer

4932 Wii0|ed d13pubewoa3dd)y

19)9WiiI0|ed DdIuoJpeH

S.10}0939p uonpy
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AANNNAETTIOPpOAON OIAPOPWY CWHATIOIWY
LUE DIAPOPA €idN AVIXVEUTWV

Tracking Electromagnetic Hadron Muon

chanber_ciouncer,_clorineter chanbe A detector cross-section, showing particle paths

photons
5 [] Bearn Pipe
muons (center)
_tp B Tracking
" Charnber
Innermost Layer.., =3 ...Outermost Layer . Nhgnet Coil
BE-M
Calorimeter
[[] Hadron
H 8éon Twv diapdpwyv Calorimeter
TUTTWV AVIXVEUTWV [ Magnetized
o' éva Treipapa [ron
OUYKPOUOUEVWV I Muon
Charnbers

OEOUWV
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Kabe Tutro¢ cwpatidiou

(e-, Y, M) €xel
XOPOAKTNPIOTIKNA
aAAnAeTtTidpaon pe Ta

d1G@OopPa OTPWHATA TOU

AVIXVEUTN

H 6¢on Twv
dl1apoOpwV
TUTTWV
QAVIXVEUTWV
o' €va
TTeipapa
OUYKPOUONEVWV
OETUWV

Avixveuon cwuaTidiwy

Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Solenoid magnet
Transition

Radiation

Tracking Tracker

| Proton | _."

*Eloctront
Bhoton L

Pixel/lSCT

detector

4
{4

.
4
.
.
.
B
’
’
’
r T 1 ¥ l'
{ Neutron| * Be

: 0

L ”»

H S
v K
. 0

Neutriqo'

The dashed tracks
are invisible to
the detector

<> ATI AC
X

http://atlas.ch
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Compact Muon Spectrometer, CMS

CRYSTAL ECAL

SUPERCONDUCTING
MAGNET

I S

~.

HCAL
MUON CHAMBERS

PRESHOWER

9w FORWARD
“w._ | CALORIMETER

22 m

15 m
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A Toroidal LHC ApparatuS, ATLAS

Muon Detectors Electromagnetic Calorimeters

Forward Calorimeters

Solenoid

End Cap Toroid

T B oy \ - .
——_ = %
A T

_ | ‘ 22 m
7, = =/
) A/ uw'\" Y/ -ri oreaest '\iij i ./

Al 7/
e 7 —— 74

\

| I</

o N

i Inner Detector ieldi
UG Hadronic Calorimeters S

44 m
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To MNeipapa ATLAS otnv EAAada

Muovioe © H avixveuon Twv HLOVIWV TIOU TIPOKOTITOLUV OTIO TLC
OLYKpPOUOELG pp Ba Tai&el kevTplkO pONO OTLG QVOKOADWELG TNG
ETTOHUEVNC DEKNETLOC

H EAAN&OX CUMPETEXEL OTNV TIPOKANCON GULTH TNC ETTILOTAMNG HE TNV
KXTOXKOKELN] TOU 10% TOU (PROUAKTOUETPOU HLOVIWYV, TUVOALKNC EKTRONC
5600 m?

e JuveEpYOOl TpLwV MNaveTmioTnuiwy
e EOVIKO KatrodloTpLakd MavettioTApLto ABnvwy

e EOVIKO MeTobBLo MoAvuTexveio ABnvwv
e ApLOoTOTENELO MNAVETTLOTAHPLO OeoTAOVIKNC
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To Meipapa ATLAS oto AMNOG

To 1997 onuiovpynnke oto AII® &va epyactiplo yia v
KOTOUOKEVT KOl TOV EAEYYO QVIYVELTMOV LLLOVIMV.

e Muix ocOvTOUN TTEPLAYNON OTOUC XWPOUC TOL EPyBOoTNpPLOL

Xwpog EAsyxopevwy Zuvlnkwv - "'-
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To Meipapa ATLAS oto AMNOG

H MpokAnon (1) :
KXTOXOKELH GVLXVELTWYV HE XKPLBELX HEPLKWV PLKPpWV (Hm)

20

10 +

0 t+

AY (um)

AD [l B

-20

Projective
lines

,_..--—""' .l (RASNIK)
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To Meipapa ATLAS oto AMNG

O oTtoxoc-ttpokAnon (1) :
MeT& TNV cLUPBOAR PG OTNV AVRKXALWYN TOL CWHaTLOLOL Higgs va
pHeAeTAooupE TIC 1I810TNTEC Tou Kai va avalnthooupe "Néa Buoikn”

... from this ...

@ TR ORI Higgs -> e+ i
o ->:2e¥2u i

3

I =~ 1 1. .1 (L T
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Ta mpwTa amoteAeopata yia 1o cwpoatidlo Higgs AskepBpLoc
2011!

b% ATLAS + CMS Preliminary, \'s = 7 TeV [—— Observed
B L, =1.0-2.3 fo/experiment | mem Expected = 1o
g O e M ——————— o Expected + 20
E
o
2 2
Yol 1 =
m -
10'1 L L L L " L L . . bl b L L Ll L) Ll L Ll Ll | D -} § -
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 emlonun avakoivwon amo to CERN yia tnv avakaAvyn tou
ocwpoatdblov Higgs: 4 louAilou 2012!

g&lklwém = R T T T T
hitp://otlos.ch w° ATLAS Preliminary 2011 + 2012 Data
5 105 —obs. Vs=7TeV: fLdt=4.6-4.8 10" =
& [ -~ Bw Vs=8TeV: [Ldt=5.8-59 " -
L~ B o -
"_El B [CJ+20 .
= L !
O
X 1
n -
L =
107¢ 5 & -
E CLs Limits .
100 200 300 400 500 600
m, [GeV]

B O: Peter Higgs ka1 Francois Englert ovyxivnuévor
amevBHVOVY TO OKPOOTHPIO UETC. TV AVOKOIVWGH THG

avaxaloyng tov Higgs auig 4 loviiov 2012

...BAETTE APOPO OTO TTPOCPATO TEUXOG TOU TTEPIODIKOU
®aivouevo Tou Tunuatog Guaoikng 7
)



Avoakedpoaloaiwon

* H Quoiki Tou MIKpOKOOUOU £XEI ONUEIWOEI TEPACTIA
TTPOOOO0 OTNV TEAEUTAIO DEKAETIA

* MeydaAol EmiTayxuvTEG Kal TTEPITTAOKOI AVIXVEUTEC
UTTOPOUV va dlEpeuvnoouV Babeld oTnv apxrn Tou
XPOVOU KaI TOU 2UNTTAVTOCG

 H EAAGOQ €DW KAl TTEPITTOU MiQ EIKOOQETIO CUMMETEXE!
EVEPYQA OTNV £€pEUva auTtn NEOW Twv lMavetmioTnuiwy Kal
TwVv EpeuvnTikwy TS KEvTpwyv
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A&lleL ToV KOTIO va LABw Karmolo Bacika mpaypoTo yio To
OTOLXELWON owATLOL?

O avedixviaotog KOOHOG TOU ATTEIPOCTOU CAG
TTEPIMEVEI VIO VA CAG ATTOKOAUWYEI T HUCTIKA TOU
ATTEipou, TOU ZUMTTAVTOG
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ATTO TTpocopoiwaon: A mini-blackhole in ATLAS |
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lotopikn Avadpoun: Atopo & Mupnvoc

1911 - Rutherford (Geiger & Marsden)

o 2KkESaon cwuandiwv a

e Znpelakn pala TrTupfva HE ONHEIOKO POopPTIO

1919 — Rutherford

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

e AvakdaAuyn TOU TTPpWTOVIOU

1920 — Rutherford

+ Ymwo0eon Utrapéng ouderépou cwuardiou oTov TTUPVa

1932 - Chadwick

+ AvakdaAuwn Tou veTpoviou atmmd Tn okédaon cwuaTidiwv a o€ Be

polonium source
//"'

\

1 9 12 I
Ja+,Be—  C+n

Beryllium

Geiger counter

.

>
——

=
L

~1000V
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lotopikn Avadpopn: Auvapels & Zwpatia

1933 — Anderson

¢ AvakdaAuyn tou mroliTpoviou (avTiuAng)
1937 — Street & Stevenson
¢ AvakdAuyn Tou pioviou («BapU nAeKTpovion!)
1938 — Hahn, Strassmann & Meitner, 1942 — Fermi
+ AvakdAuyn Tng TTUPNVIKAG OXAONG
o EAeyyouevn Zxdaon, mpwTOog TTUPNVIKOG AVTIOPACTHPAG

1947 — Powell et al.

+ AvakdaAuyn Tou mioviou (akoAouBouv: kadvio, A, p, n, K, ...1)

1956 — Raines & Cowan

+ AvakdaAuyn verpivou

1969 — Kendall-Friedman-Taylor

¢ AvakdAuyn Soung TPpWTOVIiWY (TWV KOUAPK)
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lotopikn Avadpopn: Auvapels & Zwpatia

1974 — Ting & Richter

+ AvakdaAuyn c quark (November revolution)

1976 — Perl

¢+ AvakdaAuyn AetrToviou T (TPiTn YEVVIA UANG!)

1977 — Lederman

+ AvakdaAuywn b-quark

1983-84 — Rubbia (Treipapa UA1)

¢+ AvakdAuywn ptroloviwv WEZ (nAektpaocBevig aAAnAetridpacn)
1995 — CDF/DO (FermiLab)

+ AvakdaAuyn Tou t quark (Mep10dik6¢ Tivakag Kabiepwpuévou
MpoTuTtrou)
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