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TL B p&Bovpe (1) 2

e To ATTeLpoOoTO KL TO ATTELPO:
Tx EoxvaeldaTe Alyo dLOPOPETIKE KL O0TO [0 p&Bnua Tou K. Kopd&

» Mwc ovvdéovTal?
» MaTl pog evoLapepel?
»  MEXPL TTOL (PTAVEL N YVWOT HOC ONUEPX?
® BXOLK& XXPOKTNPLOTLKX KXL LOLOTNTEC TWV CWHATLOLWY
»  PepuLOvVIO & MTTOTCOVLK :
® H ZTOTLOTLKA TTOL UTTXKKOVOULV
e H KvpaTtoouvaptnon Tavtoonpuwyv MtrtoCoviwyv kot PeppLoviwy

> ZWHATLX & AVTLIOWHKTLX

RSP G  Osooahovikn, 3 Agk.2012
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TL B pxBovpe (1) 3

® OeHUeAELWON ZVOTATLKX TNC 'YANC - To KaxBrepwpévo MpdTLTTO

» T OEPENELWON CUOTATLKE TWV CWHXTLOLWY TTOU XAANAETTLOpOUV
eLVOL (PEPULOVLY:

o Kouvapk kot AemrTovix oto Kablepwpévo MpoTutro

» OLoUVOETOL OXNUOTLOMOL TWV KOUGPK ELVAL:

o Adpovix :Bapuovia kot MegovLx

o AAMNAETTLOPAXOELC HETARED CWHATLOLWYV - Tax 10N TWV DLVAHEWV -
TTEOLWV- OTN CWHATLOLXKA PULTLKN

» H yevikeLPEVN EVOLX TOL POPTLOL KXL TOL TTEDLOU

» T dOLXYPXUUXTX Feynman

® HAEKTPOUXYVNTLKEC & XOOeVELC XANNAETTLOPKOELC

o loxupég XANNAETTLOp&OELC
RSP G  Osooahovikn, 3 Agk.2012
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TL B p&Bovpe (Il

® SyuppeTplec kot NOpOL AlxTAPNONC OTLG
ANNAETTLOpXOELC

»  AVOAANOLWTO KOL TEAEOTEC OTNV KRXVTOMNXKVLKNA

» METATOTTILOELC KL OTPOWEC - dLaTAPNOoN Eveépyelac
KXL ZTPOWPOPUNC

» OpoTLuLX (parity)
» ZuCuylx popTiov

» XPOVLIKN XVXOTpOown

RSP G  Osooahovikn, 3 Agk.2012

Sunday, December 2, 2012



BLBALOYpapLx 5

K&TToLxX LTTXPXOUV K&l OTO 10 p&Onua Tou K. Kopd&

e HYAn oto BipAio: Cottingham & Greenwood
» Kep | &2
e HYAn oto BiBAio: D. H. Perkins (ZNUELWOELC)
» Keop | &3
® B.R.Martin & Shaw : Particle Physics (2nd edition), John Willey; Chapters 1, 2

e W..C.Williams : Nuclear and Particle Physics, Clarendon Press, Oxford(p.|58) Chapter 9:

Forces and Interactions

® Arthur Beiser: Concepts of Modern Physics 5t edition, McGraw Hill (ISBN 0-07-113849-8) (k&

HETXQPPOXTUEVO),Chapter 14: Elementary particles AdpOvVLX, Quarks, AeTITOVLX, KBavTLKOL axpLOpot
STOLXELWOWYV ZWHATLOLWY, loooTTiv (I00TOTTLKO OTTLV), SUMMETPLEC KL ApXEC ALKTAPNONG,
OeUEAELWOELC ANANAETTLOPpXOELC

® H.Frauenfelder,E.Henley: Subatomic Physics, Prentice-Hall,Inc

® W.E.Burcham & M.Jobes: Nuclear and Particle Physics, Longman Scientific and Technical

RSP G  Osooahovikn, 3 Agk.2012
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EKAXIKELPEVD BLBALX YIX TO ZTOLXELWON

> WHATLX
..... KOL YLX TX XpLOTOUYEVV .....
K&TToLxX LTTXPXOULV K&l OTO 10 p&Onua Tou K. Kopd&

® Steven Weinberg: The First Three Minutes (K&XL HETXPPXTUEVO)
® Steven Weinberg: Towards the Theory of Everything
® H.Fritsch: Quarks, The Stuff of Matter
® Simon Sih: The Big Bang (K&l HETKQPXKOUEVO)
® Michio Kaku:
o [XPEAANAX ZOUTTOVT
® YTIeEpXwWpoc
e H dvowkn Tov AdUVATOU

® Brian Green: TO YTTEPOXO ZOUTTV

RSP G  Osooahovikn, 3 Agk.2012
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“A dieu ” ... 2TOUC Mupnvec 7

e OL TTUPNVEC VAL TTEPLTTAOKX CUCTNHARTX TTOAAWY CWHETWY TTOU
OUYKPOXTOUVTOL HETKED TOUC ME DUVAMELC EAXXLOTO KXTAKVONTEC

e OLOewpelec/PHOVTENX TNC CUHTTEPLPOPARC KOXL TNC OOMNC TOU TTUPNVX
OEV TTEPLYPKPOVTAL PE EVX EVLXLO TTPOTLTTO

o OLOewpeleC/PHOVTENK TNC CUHTTEPLPOPAC KOXL DOUNC TWV TTUPAVWV
XAA&GTCouv:

» YLK OLXPOPETLKEC TTEPLOXEC TOU MaxTCLkoV ApLlBpo0 A4
> YLX OLXQPOPETLKA ELON XAANAETTLOPRTEWV

® JTX eTTOPEVX B eEeTROOLPE —ME BARON TNV HEXPL ONHEPX YVWION
YLX T ZTOLXELWON ZWHATIdLX- TNV (PO TWV LOXLPWV KL
XTOEVWYV TTUPNVLKWV(B-OLXOTIRGT) OUVAHEWY KXKL TNV OXECT TOUC HE
TLC OLKELEC NAEKTOUXYVNTLKEC DUV HELC

RSP G  Osooahovikn, 3 Agk.2012
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90 0 0 0 0 0
DOKOOUCQ

o OQepeAelwdelc Apxéc Tne KBavTLkNG MNXoVIKNC:
» O KUHKTOOWHUATLOLXKOC OLIOMOC TN DANC

» H oLokplToTNTo: Ol GAANXYEC T€ EVX (PUOLKO
oUOTHHX ELVOL DLOKPLTEC
400 450 500 550 600 650 700
Wavelength / nm

e H KBavTikn Mnxavikn TTEpApB&VEL:

AN~
w

state 2 energy =1 W,
I ‘Hw: “wz' ﬁw,‘
state 1 energy =4 w,

»  TnV eLoxywyn TwV TEAEOTWYV — ZXE0N TEAEOTWYV KL PLOLKWV
HeyeOwv (18L0TNTEC TWV PLOLKWYV PEYEOWY 0TNV KBavVTOUNX&VLKN)

» TNV HEXONUOGTLIKA TTEPLY PPN TWV DALKWYV KUPUXTWYV (€ELowan
Schroedinger)

»  TnVv TTUKVOTNTX TTLOKVOTNTRC(OTATLOTLKI EPUNVELX TNC
KUUXTOOULVEPTNONG) KXL TH dLAXTAPNON TN OALKNC TILOXVOTNTHC

» TNV XPOVLKN €EEALEN eVOC KPXVTOUNXKVLKOU CUOTAUKTOC

»  Tn Baoikn Bewpla TOL OTTLV (MLX KXOBXP& KBXVTLKH GTPOQOPUN) .........

Sunday, December 2, 2012



O

H ELdLKN Oewplax TNC ZXETKOTNTAC
¢ HT1ax0TNTX HETEOOONC PLKC OTTOLXONTIOTE
Op&ONC dev PTTOPEL VX LTTEPPEL TNV TOXOTNTX TOUL
PWTOC;

ANBBEPT _
SNHWTEWH
1879-19858

ET ) no4TA ccep
An.0.8

rewvevewe

» YTTXpXeL TOTILKOTNT TWV TTXPATNPNOEWY

A6 06060 60 0 50 08060 56 68 68 50 0.6

o MLx“OcAANXYN” O€ EVX OnUELO OTO XWPOXPOVO
YLVETOL XVTIANTITH 0 XAANGK ONUELX XPYOTEP X

e H TXpxXTAPNON £lVXL OLVXPTNON TNG OE0NC
OTOV XWPOXPOVOo => XpelXCopxoTe MNMedlex
YLX VX TTEPLYPXYPOLHE TN POON

Event B is simultaneous with Ainthe &

green reference frame, but it occurred
before in the blue frame, and will occur

¢ O oUVBLAOUOG TNG KBXVTOUNXAVLKAG KAL TNG T
ELdLkNC Oewplaic TNC ZXeTKOTNTOC = KBOXXVTLKN Quantum field theory
Oszwpio Medlov: H B&on ywx Tn peEAETN Tov Mupnva
KOXL TWV GAANAETTLOP KO EWV TWV quarks KGL leptons

RSP CHLE Ocooaovikn, 3 Aek. 201

Sunday, December 2, 2012



ATTO T& VOUKAEOVLK OTX quarks

size in atoms
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|10

ATOO:
[MupAvVACH e

[MupAVAC: p+n

p,N: quarks+
gluons

quarks: 222? ElvaL
DepeAeLwdn?
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TX OTOLXELWON OLOTATLKX TNC DANC... OTTWC

TX YVWPLCOLUE ONHEPK | |
Tx ExvoeldoTe KL 0TO 10 HEOBNU TOL K. KoOpd&
o KaTd To KxOrepwpévo

[MpOTLTTO TNC

P M  SwpaTdlakneg PuokAc
— _E (ML KBavVTLKN Oewplc
- o [ledLov):
) —
o Of '’ ToBepedewwdn
& = OUOTOTLKX TNC U}\r,]c_.
- o1 TTOL XAANAETTLOPOLV
g_ & HETXED TOUC ELVOL
< EPHULOVLX:
3 S PepH
[~] g - e KOUXPK KXL AETTTOVLX
m
& » OLyopeic Twv
< XAANAETTLOP R TEWV
UTTOCOVLX (CWHATIOLX
OUVAXUEWV)

RSP G  Osooahovikn, 3 Agk.2012

Sunday, December 2, 2012



OL OUVAHELC TNC pLONC ...

OTTWC TLC YVWPLCOVUE ONUEPX (TETTEPELC) |12

Tx ExvaeldoTe K&L 0TO 10 p&XONUX ToL K. Kopd&

Weak
(Electro
Carried |

qy CGraviton Photon
(not yet observed)

BRI ID G  Osooaovikn, 3 Agk.2012

Sunday, December 2, 2012



OL 000 TrepLoxec otnv Epevva Tng Puokng

Tx EaxvaeldaTe Kl 0TO 10 HXONUX TOL K. Kopd&
“To LdL TTOL TPWEL TNV OLPX TOV...”

H ®uoikn ZTOXELWOWY ZWHATIBIWY  H AGTPOQUTLKA HEAETE TO
HEAeT& To ‘AMNEIPOOTO’ ‘aneipo’

m

072 107~ 10727 10° 107 lﬂ"o §C ° 10° 107 1% 102 1w s 104
Mikpookonia : . .
» KiaAia OnTIkG TnAsokoOnia
ICI'OSCOPQS Binoculars '
PadloTnAeokonia
, fupvo
EMITaxuvTeg
, ATl
2WHAaTIoIV &
AVIXVEUTEC
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H loTopia Tou 2UPTTAVTOg

P
To LHC

avTIOTOIXEl OTiC .
ouvOnkeg 0w~
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€ electron #& ion - galaxy
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N neutrino atom o i
hole

Particle Data Group, LBNL, (© 2000. Supported by DOE and NSF
Sunday, December 2, 2012




>TO EPYNOTHPLO BEITTET®
ETTXVXONULOVPYOVHE TLC
YW/ / ouvOnkec Tou “Neapov
2OUTTRVTOC” AlYO PETX |

Thv Mey&An ‘Ekpnén
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10-*2 sec (1032 K):
ETroxn Tnc KBavTikNgG BapdTNTOC

H BaxpOTnTo “XwplCeTail”
ooV OUVOUN XTTO TLC KXANEC
OUVAHELC TTOU TTXPXHUEVOLV

EVOTIOLNMEVEC OOV PLK
o0Va N (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 -10+s,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.

RSP G  Osooahovikn, 3 Agk.2012

Sunday, December 2, 2012




103> sec (1027 K):

ETroxn Tnc MeyaAnc EvoTtrolnonc | 7

TENOC TNC ETTOXNC TOU
TTANOwpLopoV. To COUTTRV
ouvexiCel v dLxoTENeTaL. OL
LOXVPEC DUVAHELC OLXXWPLCOTOL
XTTO TLC NAEKTPaTOevelC

t -103s,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- 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 partin 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 aquark gluon plasma. The LHC can study this by
[ eTp LOoL X« P OO0 UAOVLE colliding together high energy nuclei.

Sunday, December 2, 2012



10-19 sec (10" K):

ETroxn Tnc HAeTpaxoBevolc ADvaunc

MNeTpldov Xop&

H TTUKVOTNTX EVEPYELOC
XVTLOTOLXEL O &XLTH TOU

AltxxwplCovTal oL
xobevelc oTTO TLC
NAEKTPOPXYVNTLKEC
OULVAHELC

LEP

t-10°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.

OcooaAovikn, 3 Aek.2012

Sunday, December 2, 2012
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10-* sec (10'3 K):

>XNUATLOMOC MpwToviwy Kot NeTpoviwv

|19

Ta quark cuVOLGToVTHL
K&L oXNUaTICOLV T
TTPWTOVLX KOL TX
VETPOVLX

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.

WVikn, 3 Agk.2012

Sunday, December 2, 2012




102 sec (107 K):

>XNUATLOMOC MupAvwy 20

TX TTPWTOVLX KOL TX
VETPOVLX TLVOLATOVTKL
KXL oXNUATLCOLV TOUC
TTPWTOLC TTLPNVEC (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.

RSP G  Osooahovikn, 3 Agk.2012

Sunday, December 2, 2012



3x105 €T (6000 K):

ETToXA TOU “@WTOC”, ZXNHUATLOHOC XTOPWV 21

To cOUTTAV YLIVETOL
“DLXPAVEC” KL
oXNUATLICOVTAL TX
TTPWTX XTOUX

-~

S,
\ - . \ ’
. - t = 300 000 years, 6000 K (0.5 eV, 10-° m) :

. P - 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.

RSP G  Osooahovikn, 3 Agk.2012

Sunday, December 2, 2012



107 €11 (18 K):

>XNUXTLOHOC TWV YOAKELWV 22

MNeTpldov Xop&

>xNUaTiCovTaL oL
TTPWTOL YXAXELEC

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.

OcooaAovikn, 3 Aek.2012

Sunday, December 2, 2012



13.6x10° éTN (3 K):

13.6 thousand +

million years

MNeTpldov Xop&

23

YTTXpXOUE !

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.

OcooaAovikn, 3 Aek.2012

Sunday, December 2, 2012
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ETTitexuvTtécg : SPS, LEP,
LHC
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To “EvoTrotnon Twv AuvVXPEWV” 25

BapuTtnTa
o
- ¢ . .
; w‘t? Ioxupec MNupnvikeg
©Q
_m HAEKTpOUAYVNTIKEC c
28 C
043 |
‘—320 o
S8 4
J AcBeveic ‘Q"
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RSP G  Osooahovikn, 3 Agk.2012
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electromagnetic
*

unification of all

4| four fundamental forces

T electroweak + strong

strong force

S
:
b= |
I'!I:l
p
|
|
|
|
|

electromagnetic force
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T ZTOLXELWON CWHATLOLX TOL KOOHUOUL HOC

Electrong -1 0

A\ £TTTO VIO

Electron
Neutrino

memmmmm Quarks m——

Electric Charge

eachquark: R, B, G 3colors

l'Aouévm(Bm

Vo e
e eV _—

Quarks

- ©

Meoévia ~
Bapuébvia MupRveg

Pdwrévia A\
/
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Pwg

Xnueia
HAexTpovika
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s Bapurnra

MpaBiTévio? Q
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MNaAagieg
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AiGoTraon vetpoviou

RSP G  Osooahovikn, 3 Agk.2012
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AUVEUELC/ANNNAETTLO pXOELC:

Nepryp&povTal pe pio KBavTikh Ocwpia Mediov [P

“TWUATdLX TNG DANC” (spin 1/2) XAANAETTLOPOUV PETW KRVTORAAXYNC TWV
“OWPATLOLWY TNE dOVAUNC” (spin-1)

Electroweak
M Electromagnetic m memm————— \Veagk We———— e—— Giron —

-/ Y I x
AR 54

Range =, relative strength =102 Range ~10-"® m, relative strength ~10-14 Range ~ 10-'Sm, relative strength = 1

AOvpn ™ “YITxpgn “@opTiovu” To OTTolo O TIPETTEL VX dLATNPELTAL
AlXTRPNON “@opTiov” ™ YITXPEN SUPHETPLXG
To KaOtepwpévo MpOTLTTO lvail pLa KBaVTLKA Oewpla TTESLOL TTOL £XEL TNV
“ETWTEPLKA TUHUMETPLX”: SU3)xSU(2)xU(I)

RSP G  Osooahovikn, 3 Agk.2012
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AVOLXT& EpWTNUOTX ZAUEP

e [MWC XTTOKTOLV TX CWHATLOLX PXTx?
» YTTIXPXEL TO CWHKTLOLO Higgs?
® YTI&PXOULV XAANEC ZUPMETPLEC TN POON?
» YTTXPpXEL N YTTEPOULUPMUETPLX ?
» lox0eL n evoTTOolNON TWV DUVAHUEWV ?
e TLelval n 2ZKkoTewvn 'YAN ?
e ‘Exouv dopn Ta quarks?

e [loLéC elvaL OL LBLOTNTEC TNC TTUPNVLKNC DANC OTNV LTTEPOEPUN
KXTXOTKOT Q&ONC: quark-gluon TIAGOUO?

RSP G  Osooahovikn, 3 Agk.2012
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Mwc dlepeLVOLPE TX EpWTANTH XUTK?

e [MWC TTHPXYOVLHE TK TTOLXELWON
CWHUKTLOLX YLX VX TQX HEAETNOTOULUE?

» To AtkoTtnua ! Elvat ... “EpyoocTaoLo
KATXOKEVLNC ZWHATLOLWV”....O
LOXLPOTEPOC XAANK XVECEANEKTOC
“ITXPAYWYOC” CWHARTLOLWV

» OL ETTLTAXVVTEC ! TTOU KATXOKELXTCOVTAL

0N YN, ELVXL EAEYXOMEVNC EVEPYELOC KL
EVTOONC “TTHPXYWYOL” CWHXTLOLWV

RSP G  Osooahovikn, 3 Agk.2012
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[potapyikn Koopikn axtiva

—-_"
, a——-|

—
—
”
—

VI :
™~ —" oy P % ‘. : -
VNS e ST, |

>TOLXELWON CWHNTLOLK
(PTAVOULV OTh YN HKC XTTO
TO ...0lXOTNUX !

Kooptk AKTLVOBOALX

*AANANAETTLOpOXON PE TNV
XTHOOWOLPX TNC 'NC

| *AEVUTEPOYEVNG TTRPARYWYN

CWHXTLOLWV

£ ‘H\exTpovio, MLovLg,

NeTpiva BouBapdilCouv
oLVEXWC TNV 'n
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H TnAgopaon POC;
O xTTAOVOTEPOC KKL PLKPOTEPOC ETTLTAXUVTAC ! 32

... Mapaywyn HAgkTpoviwyv
ZTNV TNAEOPAON OOU TA NAEKTPOVIQ
emiTayvvovral ora 20 000 BoAr.

Z1o LEP semitaxovovral ora
100 000 000 000 BoAT.

KoiAérnra Emrayuvong

~

MayviTng Kapwng

b

A

ZUYKPOUOEIG
-l = 2
Asopwyv

MayvATng
EoTiaong

BRI ID G  Osooaovikn, 3 Agk.2012
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‘Exel eaPUOYEC OTN KONpepLVN poc Cwn n

EPELVX YLX TX OTOLXELWON CWHUKTLOLX? 33

TexvVoBAXOTOL-EqOXpHOYEC TNC EPELVOC YLK T OTOLXELWON CWHARTLOLX

laxTpLkn PLOLKA:

ALXYVWOTLKA: TOpoYpa@ix
Oepoatreilai: EAeyxopevn akTivoBoAnon
i AV XTTTUEN TEXVOAOYLXC
XVLXVELTWV

World Wide Web
/\ Where the Web is born
\# S SOMNWN & AVETITUEN TNC ETTLKOLVWVIC OTO

OLXOLKTLO
OcooaAovikn, 3 Aek.2012

MNeTpldov Xop&
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‘Exel eaPUOYEC OTN KONpepLVN poc Cwn n

EPELVX YLX TX OTOLXELWON CWHUKTLOLX?

TexvVoBAXOTOL-EqOXpHOYEC TNC EPELVOC YLK T OTOLXELWON CWHARTLOLX

Project

The European

G prosect funded by the Furcpeas

DataGrid Project Team§
J};
ILLD. www.eu-Qatagna.org |
I

[MANpOWOopLKN:
Overview of the EU Data Grid

AVATITUEN TNC MAEYUXTLKACTEXVOAOYLKC:
GHE GRID

O Maykoopiocg loToc YmroAoyloTikng loxvocg
KOL

ATTO0ONYELTLKOD XWPOU

Sunday, December 2, 2012

EKUETAAAELON TWV TTAYKOOTH LK
OLKOETLHWY YTTOAOYLOTLKWY Mopwv

RSP G  Osooahovikn, 3 Agk.2012




Epappoyéc Tne Texvoloyiac Grid 35

Floods

PELERGERS e mvninns

Particle Physics

R L

RSP G  Osooahovikn, 3 Agk.2012
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OL ETrLTO(xUVTé >WHOTLOLWY ONUEPX

® ETTLTAXOVOUV OWHAKTLX T TTOAD HEYXAEC EVEPYELEC™ HULKPO UNKOC

KOUOTOC (OuuNOeiTe: Kxvou e MelpUXTX OKEdDXONC A=h/p )
} ,

ETTLTAXXOVOUHE (POPTLOUEVH CWHATLX
)

—_—

EXOUHE ETTLTAXVVTEC NAEKTOOVIWV KXUN TTOWTOVIWY

T A DA N ECPN G  P N S G SR S I S P WER R
l__iH\J_Ju))\)lll)]l

o
A

" \f]\l) )\.l) ]\J')
R e

+

® 3TN deKXETLX TOV 60 OL ETTLITAXLVTEC NTAV “OTaOEpOD OTOXOV”: TX
NAEKTPOVLX TIPOCETILTITAV € EVX OTOXO (TTPWTOVLX) KKL EXKME
TTRXPAXYWYN VEWV CWHXTLWV

>

ETolL o<vou<o<>\ucp6r] KOXV' T quark

Detector elements

' .

—_—)-P =@

Fixed-Target o i& ‘
Experiments 1 o el
Sunday, December 2, 2012




OL ETTLTOXUVTEG ZWHATLOLWY ONUEPX

Detector elements

Colliding- Beamgis h'iments s
RS )3 n.__.mi P =D,

%, = 0
— P = P2~
Fixed-Target |
3 > 1o =¥ @}

particie particie

Jetector

Experiments

® O PeyOADTEPOC ETTLITOXVVTAC MEXPL TO 2009 0TO Fermilab:

7km proton-antiproton —

Tevatron

37
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>NueEPQ....

'Eva ano Ta onHAavTiIKOTEPA EyXEIpNHATAa
oTnVv 1oTopia TNG PUOCIKNC CUUBAiVEl OTO
CERN, TO JeyaAuTeEpO OTOV KOOUO EpyaoTnpio
>wpuaTidiakng Puoikng,

Eekivnoe Tov NoeuBpn Tou 2009.

unday, December 2, 2012



To LHC oto CERN

Large Hadron Collider
27_ km TrEPIRETPOC

RSP G  Osooahovikn, 3 Agk.2012




To LHC o1t0o CERN

MNeTpldov Xop&

O©ecgoaAoVikn, 3 Aek.2012
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To LHC o1t0o CERN

KiOpia TTapaueTpog: HayvnTIKO
mEDio SITTOAWY TTOU KAUTITOUV
™ Séoun

p (TeV) = 0.3 B(T) R(km)
Nap=7TeVkaiR=4.3 km
2>B=83T= Pesoua: 12 kA

Xpe1alovTal UTTEPAYWYIHOI HAYVITEG
LHC: wi&n pye cupmieopevo He (1.9K)
2 = YuxpoTepO HEPOG OTO cUTTaV (?)
WYuyeia raywyng vypou He: kataAw-
vouv 40 MW.

_~

H iSia pnxavn pe cupBaTiKoug NAEK-
TPOHAYVIATES Ba EiXE:

)

1232 high-tech SC dipole magnets

Evépyeia deopwyv: 7MJ |
Bdapog SIréAwv: 34tons I n,tbgluﬂpo: 100 km
Nb-Ti Y/A kaAwdio: 7600 kmes piou zom%wvdkwon nAexktp: 1000 MW |

MNeTpldov Xop&

O©eogoaAoVikn, 3 Aek.2012
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ATLAS A Toroidal LHC ApparatuS

f charac
Muon Detectors Electr tromagnetic < Calosimeters @ Wd‘h “m

H Ynoyewo Znpayya tov LHC
KOl O1 TTELPOLLOTIKEC OLOTACELS B [fre °°°

Forward Calorimeters

veviKng okompuotnTag ATLAS ey
Kot CMS PRY T EET TR
e

vacuum chamber

(-  central detector

05-Dec-10
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Ou xvixveuvTég oto LHC
MXTL ElVXL TOOO PEYXAOL???

[MpETTEL VX &iVLXVEDTOULV
OAX T CWHOTLOLX TTOU
TTXPXYOVTOL TNV
olUykpouaon

Large Hadron Collider

=

N
—g

ATLAS Detector
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Ou xvixveuvTég oto LHC
MXTL ElVXL TOOO PEYXAOL???

[MpETTEL VX &iVLXVEDTOULV
OAX T CWHOTLOLX TTOU
TTXPXYOVTOL TNV
olUykpouaon

Large Hadron Collider

AEN gwvail povo d00 T
TTPWTOVLX TTOU
OUYKPOUOVTOL XAAX -
TTOAM& GUYKEVTPWHEVK N\

o€ deauideg (bunches) ) PN

ATLAS Detector
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Ou xvixveuTég oto LHC
MXTL ElVXL TOOO PEYXAOL???

MpeTTel v axvixveDOOULV
OAX T CWHOTLOLX TTOU
TTXPXYOVTOL TNV
olUykpouaon

AEN gwvail povo d00 T
TTPWTOVLX TTOU
OUYKPOUOVTOL XAAX
TTOAAX TUYKEVTPUWHEVX
o€ deopidec (bunches) e o
‘ P\~ ATLAS Detector

>e K&Oe déoun KLKAOWOPOULV
2808 bunches pe 1,15x10!
TTpWTOVLIX & K&Oe bunch,

HE plox deopida kxOe 25 ns
TTOU XVTLOTOLXEL OE XTTOOTOON

7.5 m HETAED TWV deTULdOWV

Sunday, December 2, 2012



OL 2Zvykpoloelc oTo LHC

MNpwtovio Npwrévio 2808 ouadeg
NpwTovia/opada 10"

Evépyeia npwrovinv7 TeV (7x1012eV)
dwreIvoTNTA 10%4cm2s™

Pubuoc diaotavpwong 40 MHz

Proton -
Q 0 Pubuog ouykpoloewv= 107-10°

e PuBuoc mapaywyne véag
& duolkng = .00001 Hz

d\/ 1/ Higo
: ETTIAoyr) yEyovoTwy:
Particle / '@

§usv ..... 1 o€ 10,000,000,000,000

jet

RSP G  Osooahovikn, 3 Agk.2012
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AAAn/mdpaoceig ava
diacTavpwon:

L=10%4 cm—2s-'

o(pp) =70 mb

9 Rinteractions= 7x1 08 Hz

Time/BC, At =25 ns

Interactions/BC=17.5

80% bunches full:
17.5x5/4 = 23

~ uTréEPOBeOon 20
YEYOVOTWV!

MNapadeiypa: n

«XPUOCH» UTTOYPAPH
Tou Higgs:

H—ZZ, Z—uu, H— 4u:

OL 2vykpouaoelc oTto LHC (Ttpooopoiwaon)

Kot ®0TO eTTXVOAXHBXVETXL KXOE 25ns !

Reconstructed tracks
with pt > 25 GeV

RSP G  Osooahovikn, 3 Agk.2012
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ATro TNV ocuvappoAoynon tou CMS
2006
Journey 100 metres towards the

05-Dec-10
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ZIwm(mma 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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Tomkn cePpa aviyVELTOV GE TEPOLATIKT
OLOTOCN

Interaction

i tracking Magnetic

Precision vertex
it detector spectrometer

1932Wi40jed DJluoJpeH

4932 WiI0jed d1Rubewolyd’d|y

$410)0939p uonp
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Compact Muon Spectrometer

PRESHOWER

15 m

SUPERCONDUCTING
MAGNET

HCAL
MUON CHAMBERS

Sunday, December 2, 2012



Transverse slice through CMS detector

| | | I | | | |
Om m 2m 3m 4m 5m 6m 7m
Select:
Muon
Electron
Hadron (e.g.Pion) : I
----- Photon %

Silicon
Tracker

Electromagnetic

% }:l ]]' Calorimeter

Hadron Superconducting
Calorimeter Solenaid

Transversa slice
through CMS

— 71
. - - -
I | I I J
r 3 ) | = =

1]

—

Iron return yoke interspersed
with Muon chambers

Sunday, December 2, 2012
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ATLAS

Muon Detectors Electromagnetic Calorimeters

Solenoid

A Toroidal LHC ApparatuS

Forward Calorimeters

End Cap Toroid

Barrel Tbroid Inner Detector

Sunday, December 2, 2012

Hadronic Calorimeters

Shielding

—

22 m




To Metpapaxx ATLAS otnv
EANGO

Miovia : H aovixveuon TwvV PLOVIWY TTOU TTPOKUTITOUV KTTO
TLG GUYKPOUTELG pp O TTXLEEL KEVTPLKO POANO OTLG
XVOKOXAOWPELC TNC ETTOPEVNC OEKKETLOC

H EAAGOOX OCUHHETEXEL TNV TIPOKANON XLTN TNE
ETTLOTAMNCG YE TNV KaTookevn Tou 10% Tou

(POOUXTOUETPOU HLOVIWY, TUVOALKAC EkTaaNC B600mM?2
>uvepyoola TpLwv MaveTTLoTNULWY

e EOVIKO KaxTrodLloTpLako MaveTtioTnuio ABnvwyv | 9“‘
e EOVIKO MeTabBLo MoAuTexvelo ABNVWYV A ;&l‘
e ApLOoTOTEAELO NMVETTLOTAHULO OE0TAAOVLIKNC =M

- / ¢ 0N

- o Y
f AR A
| 7 3

o;\
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To Metpapax ATLAS oto ANG

To 1997 onuiovpynOnke oto AIIO Eva epyactnplo yio TV
KOTAGKELT] KUl TOV EAEYYO OVIYVELTMOV LLOVIMV.

e Ml oOvTOUN TTEPLAYNON OTOUC XWPOUC TOL £PYXOTNPLOV

Xwpog EAeyxouevwy Zuvonkwv

Sunday, December 2, 2012



To Metpapax ATLAS oto ANG

To 1997 onuovpynnke oto ALI® Eva epyactnplo yio TNV
KOTOUGKELT KO TOV EAEYYO OVIYVELTMOV UIOVIOV.

e MLx oUVTOMN TTEPLAYNON OTOUC XWPOUC TOU €PyXOTNPLOV

Xwpog EAeyxouevwy Zuvonkwv

Sunday, December 2, 2012



To Melpopuax ATLAS oto AMNG
eH MpokAnon (1) :

KOTOXOKELT) XVLXVELTWYV HE XKPLRELX MEPLKWYV MLKpWV (Um)
2 U ——

0 —

- RO side

= QA/QC .

10 L e Xtomo |
e

i i * = .‘:. : .
= o® sgung "8 "u fag
1 0 } oell_ & L
o "
%z R 3 g 4 B 'll.
< [ Vi) I ? %

-10 | 1Y N :

/"-r -

Praxial

) Projective
Lines Y

lines

Vi
N -
AN O
. @ e —
by O
|
U A1
)l o »
Y : \) v
2
A o8
A
(B D
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To Netpaxpcx ATLAS oto ANO
O oTtoxocg-1mpokAnon () :

MeTX TV CUHBOAN HXC OTNV XVXKXALYN TOU
owHpxTLOLOL Higgs va peAeTRoOUNE TIC 1IB1IOTNTEC TOU Kal VA
avalntnooupe "Néa Buoikn”

Higgs -> 2e+2u

+ MinBias

Sunday, December 2, 2012



To Netpaxpcx ATLAS oto ANO
O oTtoxocg-1mpokAnon () :

MeTX TV CUHBOAN HXC OTNV XVXKXALYN TOU
owHpxTLOLOL Higgs va peAeTRoOUNE TIC 1IB1IOTNTEC TOU Kal VA

ava{nmaouus '‘Néa Buoikn”
r'om hls |

+ MinBias

Sunday, December 2, 2012



To Netpaxpcx ATLAS oto ANO
O oTtoxocg-1mpokAnon () :

MeTX TV CUHBOAN HXC OTNV XVXKXALYN TOU
owHpxTLOLOL Higgs va peAeTRoOUNE TIC 1IB1IOTNTEC TOU Kal VA

avaZnTnaouue Nea Puoikn”
r'om hls

{ ¥ 1
\"' [
!
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Ol ZuykpoLoelc oTo LHC
“oNuepa” (2010-2012)

December 2, 2010

i ATLAS

Run: 169045

1 : Event: 1914004
" Calorimeter Date:  2010-11-12
30- Towers Time: 04:11:44 CET

@] P_[GeV]
20 ] P o

“ Tracks
.

Hﬁv‘;{!n s
T
; 515;_':555 S

e L 4 -
) | ey R
ﬁ'n'

Y e
g Tl nss
U LU0 ~::’::.:_
g 2 h ; VL TP s
: MUAS T (AP ESIINNIEIE
- 8 LR b TR M P S S S
. I‘l 1) |“ "‘..,-“'-‘I'. n' -
, L e oy fi
A1 pIRAR \

NaxpxTNPAONKE YIX TTPWTN POPE& OTLC TUYKPOUTELC Pb-Pb N xVOXMEVOMEVN
KXTXOTXON TNC DANC-&oN: quark-gluon TIAGOU X !

RSPl GHLE OsooxAovikn, 3 Aek.2012

Sunday, December 2, 2012




OL 2Zvykpoloelc oTo LHC
“OApEPX” (2010-2012) 59

NaxpxTNPAONKE YIX TTPWTN POPE& OTLC TUYKPOUTELC Pb-Pb N xVOXMEVOMEVN
KXTXOTXON TNC DANC-&oN: quark-gluon TIAGOU X !

RSP G  Osooahovikn, 3 Agk.2012
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OL ZuykpouoeLlc oto LHC
“ONpEpa” (2010-2012)

(a) Fragmentation in vacuum (b) Medium-modified
' fragmentation
Projectile gluon_- Projectile gluon

Farget parton

BRI ID G  Osooaovikn, 3 Agk.2012
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T TIPWTX XTTOTEAECUXTX YLX TO

OWHATLOLO Higgs AekepBpLoc 201 I!

int

—_
o

ATLAS + CMS Preliminary, \'s =7 TeV [—— Opserved
L . =1.0-2.3 fb /experiment

s Expected = 1o

95% CL limit on o/og,,

CERN PUBLIC SEMINAR

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 150"

300 400 500 600
Higgs boson mass (GeV/c?)

61

ZWVTAVN XVXPETXOOON

oTnVv albovox
TEULVXPLWYV TOU
Epy.Mupnvikng loc
dpowPocC

RSP G  Osooahovikn, 3 Agk.2012
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H ettionun avakolvwon o1to To CERN YL TNV

XVOXKGALWYN TOL CWHATLOLOL Higgs: 62
4 lovAilov 2012!

GATLAS 5 - ——————
w2 ATLAS Preliminary 2011 + 2012 Data
= - 2 e
S 10  — oObs. Vs=7TeV: [Ldt=4.6-4.810" 3
& [ -~ Bw s=8TeV: [Ldt=58591" -
:g B . Al Z
:_j B D 12 (8] il
=k 1
o
& 1Tk .
0~k :
(o)) — -
107 s 3
- CLs Limits i
100 200 300 400 500 600
m, [GeV]

Ot Peter Higgs ko1 Francois Englert ovykivuévor amev8ovooy to

OKPOOTHPIO UETC TV OVOKOIVWaN TS ovakcivyng tov Higgs otic 4 lovAiov
2012

... BAETTE GPpBpPO OTO TIPOTPATO TEVXOC TOU
TTEPLOOLKOV DaLvOpEVO TOL TUAUATOC PULOLKAC

OcooaAovikn, 3 Aek.2012
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AVOKEQOAXLWON 63

e H duoLkn TOU MLKPOKOGUOU £XEL ONUELWOEL
TEPXOTLX TTPOODO OTNV TEAEUTOLX DEKXETLX

e Mey&AoL ETTLTaXXUVTEC KOiL TTEPLTTAOKOL
AVLXVEVTEC UTTOPOUV VX dlepeLVNOOLY BaBelk
OTNV &PXN TOL XPOVOUL KO&L TOU ZOPTTXVTOC,

e H EAAGOX £DW KL TTEPLITOU PLOX ELKOOKETLX
OUMMETEXEL EVEPYR OTNV EPEVVX UTH HEOW
TwV MNaveTTLoTNULlWYV KoLt Twv EpguvnTikwyv
™c Kévtpwv

RSP G  Osooahovikn, 3 Agk.2012
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O aveExvixoToc KOopog Tou xX1relpooTol 0K
TTEPLUEVEL YLX VXX OXC XTTOKXAVWPEL T HUOTLKX
TOUL ATTELPOL, TOU ZUOUTTRVTOC

AELCEL TOV KOTTO VX P&XOw
KXTTOLX BOXOLK& TTPXYUXKT
YL T OTOLXELWON TCWHXTLO?

eeeeeeeeeeeeeeeeeeeee



05-Dec-10

ATTO TTpocopoLlwon: A mini-blackhole in ATLAS !
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loTopLlkn Avadpopun: Atopo & NMupnvac 66

1911 - Rutherford (Geiger & Marsden)
o ZKESOQON CWHATISIWY O
e ZNHEIOKN pala TTupnva JE ONMHEIAKO POopPTIo
1919 - Rutherford

o Mpwrtn mupnviki avridpaon (14N + a — 170 + p)
e AVOKGAuyn TOU TTPWTOVIOU

1920 - Rutherford

¢+ Ymwo0eon Utraping oudeTépou cwuartidiou oTOV TTUPHVA

1932 — Chadwick

¢ AvakaAuwn Tou VETpOVIOU aT1rd Tn okédaon cwparnidiwv a ot Be

polonium source

Geiger counter

Beryllium | ~1000 V

| 5 12 |
ya+,Be— [C+n

BRI ID G  Osooaovikn, 3 Agk.2012
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loTopLkN AVadpOoUN: AUVAHELC & ZWHATLX 67
1933 — Anderson
¢ AvakdaAuyn Tou TodiTpoviou (avTiuAng)
1937 — Street & Stevenson
¢ AvakdaAuwn Tou pioviou («BapuU nAeKTpovion!)
1938 — Hahn, Strassmann & Meitner, 1942 — Fermi
¢ AVakKAaAuyn TnG TTUPNVIKAG OXAONG
o EAgyxoupevn Zxaon, mpwTog TTUPNVIKOGS AVTIOPACTAPAS
1947 — Powell et al.

¢+ AvakdaAuyn Tou TTioviou (akoAouBouv: Kaovio, A, p, n, K*, ...1)

1956 — Raines & Cowan

¢ AvVOKAAuyn VETPivou

1969 — Kendall-Friedman-Taylor

¢ AvakaAuywn OOMNG TTPWTOVIWYV (TWV KOUApPK)

RSP G  Osooahovikn, 3 Agk.2012
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loTopLkN AVadpOoUN: AUVAHELC & ZWHATLX 68

1974 — Ting & Richter

¢+ AvakaAuywn c quark (November revolution)

1976 — Perl

o AvakaAuyn Aerrtoviou T (TPiTN YEVVIA UANG!)
1977 — Lederman
+ AvakaAuywn b-quark

1983-84 — Rubbia (treipapya UA1)
¢ AvakaAuyn ytroloviwv W&Z (nAektpaocBeving aAAnAetidpaon)
1995 — CDF/DO0 (FermilLab)

o AvakaAuywn tou t quark (Mep10dikog Trivakag Kabiepwpuévou
lNpoTUTTOU)

RSP G  Osooahovikn, 3 Agk.2012
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deppuiovia & Mnodlovia

> UMNEPIPOPA TNC
Kupatoouvaptnonc U0 TaUTOONHMWY CWOUATIWV
KATW ano TNV £vaAAayr TOUC OTO XWPO

20-Dec-10 [Tetpidoov Xapd Ztoryelmon Xoudtio 69
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depuLoOvVLX, MTTOCOVLX

depuliovia
L%

e >WMUATIA JE NUIAKEPAIO SPin (2 55
e AkoAouBouv oTaTioTIKn Fermi-Dirac

Mnodovia
e >WUATIA UE akEpalo spin (07, 17, 24...)
e AkoAouBouv oTaTioTIKN Bose-Einstein

RSP G  Osooahovikn, 3 Agk.2012

)

70
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depuLoOvVLX, MTTOCOVLX

H kupaToouvaptTnon OUO TAUTOONHWV (PEPHIOVIWV
KATW ano TNV evaAAayn ToucC OTO XWPO:

e 'EoTWw kKUpaToouvapTnon OUO TAUTOONHWYV
cwphaTiwv : W(1,2)

e H miBavoTnTa |W(1,2)|2 = |W(2,1)|2 AEN
UETAPBAAAETAl av evaAAa&oupe Ta OUO CWHATIA OTO
XWpo 1<—>2

e W(1,2) = - W(2,1) : avTIOUPUETPIKN @V evaAAa&oupue
Ta OUO TAUTOONMA PEPUIOVIA OTO XWPO

RSP G  Osooahovikn, 3 Agk.2012

/1
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depuLoOvVLX, MTTOCOVLX

H kupaToouvaptTnon dUo TauToonuwVv pnoloviwv
KATW ano TNV evaAAayn ToucC OTO XWPO:

e 'EoTWw kKUpaToouvapTnon OUO TAUTOONHWYV
cwphaTiwv : W(1,2)

e H miBavoTnTa |W(1,2)|2 = |W(2,1)|2 AEN
UETAPBAAAETAl av evaAAa&oupe Ta OUO CWHATIA OTO
XWpo 1<—>2

e W(1,2) = + W(2,1) : CUPUETPIKN aVv evaAAGEOUNE TA
dUo TauToonua pnolovia oTo Xwpo

RSP G  Osooahovikn, 3 Agk.2012
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H oAlkn KupgaToouvapTnon €voc N NEPICCOTEPWYV
CWMATIOV €ival YIVOUEVO TWV CUVAPTNOEWV TOU
YWPEPOU KAl TOU oniv Kdal... (I00Toniko oniv)

' ' W =W (xwpou) * W z(omv) N (1)(2)

[[EVIKA IOXUEI: -

W (xwpou) = W, (8,@) = W, (r) * Y™ (6, ¢) f
onou Y™ (6, ®) : oPalpIKEG APHOVIKEG
Av €xoupe owparia (1) & (2): | *
| eival n oxeTIkn oTpopopun Twv (1), (2) i
oTav 1<2: 06 —-n-6 ‘*”

p ~n+e 2) (1)

HY™(8, )(1,2) = Y"(8,p) (2,1) =Y™(n-6,n+@) (1,2) = Mapadeiypa Y™(6, @) via
=(-1)' Y™ (6, ®)(1,2) (lcoduvapei Je avTioTPOPr TOU XWPOU) =1, m=0

Y. (8, ¢) = V3/4n cosB
Kal =1, m=1

av | = aptiog n Y™ (8, ©)(1,2) cudueTpIKN OoTNV €vaAiayn (1,2)
Y1, (6,p) = V3/8n sinb e

av | = ngpitTog n Y™ (6, ®) avTIOUPUETPIKN oTnVv evaAAayn (1,2)

RSP G  Osooahovikn, 3 Agk.2012
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H kupaTtoouvapTnon Tou Xwpou OUO TAUTOONHWYV CWUATIWV
W, = W(xipou)(1,2)

H kupaTtoouvapTtnon: Wa(xwpou)(1,2) = Wa(r )(1,2) * Y™ (6, ¢)(1,2)

o H W (r)(1,2) = W(r)(2,1) (ZuppeTpikn)

e H YM(6, ¢)(2,1) = Y"(n-6, n+®) (1,2) = (-1)' Y™ (6, ¢)(1,2)

. (1) (2)
APA: av | = apTiogn Y™ GUUMNETPIKN /
av | = nepittoc n YM avTICUPPETPIKN | "
o
¥ 2) (1)

RSP G  Osooahovikn, 3 Agk.2012
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H kupaToouvapTnon Tou oniv OU0 TAUTOONHWY CWUATIWV

W, = W(omv)(1,2)
AV oniv oponapaAAnAa 1 LIJB(OTIIV) (1,2) = LIJB(crmv) (1,2) CUPPETPIKN

AV oniv avrinapaiinia 1) LIJB(omv) (1,2) = qJB(omv) (1,2) QVTICUPPETPIKA

¥ =W (xwpou) * ¥ ;(ommiv)

(1) (2)

w[|a TAUTOONNA: /“
Mmolovia Oepuiovia

= pTI0 — opomapahAnAa = 4pTI0 — aVTIMApaANAG | «

>

= MEPITTO — avTimapaMnAa | | | = mepiTTo — mapahAnAa - (2) (1)

RSP G  Osooahovikn, 3 Agk.2012
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Eq@appoyn Tnc 1810TNTAc TNC CUPMETPIAC TNCG
KupgaToouvapTnonc OUo TAUTOCGNHM®V
unodoviwyv

e Mapadeiypa : n didonaon Tou pecoviou pPY->2m°
p? :oniv =1, /=0 => ]=1
n% :oniv =0, /=0 => J=0 => Tautdéonua pnolovia
J diatnpeital => loyer [(NY1)+(N°2)] =1 = J (p9) =1
H Weionvy (1,2) oupperpikn =>W o000y (1,2) npener va

gival GuppeTpIkn =>/ APTIO =>J#1=>Mn diatripnon TG
OAIKNG OTPOPOPUNG

=>H diacnaon p°->2n° anayopeueral

Evw n dilaocnaon p%->nt* n- 2 pn Tautéonua CWPATIA
ENITPENETAI
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H anayopeuTikn apxn Tou Pauli

e >TnVv KBavrounxavikn ol TPOXIEC TOU NAEKTPOVIOU
yUpw ano Tov nupnva ival ‘kBavriopevec’ Movov
OpIOUEVEC TpoXIEC (nou xapakTnpiovTal UE AKEPAIOUC
KBavTIKoUC apiOuouc) €ival ENITPENTEC

e > AdTOMA ME Z>2 POVO OUO NAEKTPOVIA UNAPXOUV OTNV
‘BaBuTepn’ oTifada- MaTi?
ANSWER (Pauli, 1925): two electrons (spin = ’2) can never be
In the same physical state
Hydrogen (Z=1) Helium (£ =2) Lithium (£ = 3) .....

o
h;)(\;tr:t > + +*— H_ Wolfgang Pauli
' B -

state

H anayopeuTtikn apxn Tou Pauli 1oxUel yia oAa Ta owparidia HE nuUiakepailo spin: @epuiovia
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