


Ti gival n Quoiki) TWV ZTOIXEIWAWV ZWHATIOIWY;

H Quoiki Twv ZToIXEIWOWY ZWHATIOIWV TTPOCTIABE va TTEPIYPAWE! JE Eva KOIVO TPOTTO
Ta cwuaTidla kal TIc aAAnAemdpdoelc Touc. MNpooTrabei va kaBopioel TTola cwuaTidia
gival Kail TrolEG AAANAETTIOPACEIS gival BeUEAIWOEIG.

Eivail etriong yvwoTh w¢ Puoiki Twv YywnAwv Evepyeiwv pgiag Kal 1o o ouvnBIouévo
EPYOAEiO gival ETITAXUVTEC TTOAU HEYAANG evEpyelac. MeyaAn evépyeia onuaivel Kal
gya

Ao pgyeBog piag Kal Ta QOPTIOHEVA owuanéla TTOU KIVOUVTAI 0€ KUKAIKI) TPpOXIQ

S

RN S S S

xavouv evépyeia ~ E4/R =» peyaAlTepn
__EVEPYEIQ = PUEYOAUTEPN OKTiVa

To NG N'eveung

O emtaxuviic LHC €xel
epipEpeia 27 km. Aev givail
OPATOC ATTO YNAQ €T1T€I0N
BpiokeTal KATW ATTO TO £DAPOC
o€ BaBog peragu 50 — 150 m.
Ta yéva opatd onueia gival Ta
KTipia o1a 8 onueia
oUyKPOUONG TWV CWHATIOIWV.




O mep10d1KO¢ TTivakag Tou MevreALyis@

Omntpun MeaHosmY
MeHnpenées
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H TTapatripnon 1nS 1a€NGS — ETTAVOANTITIKOTNTAC 0ONYEi oTn 10€a
OTI TQ OTOIXEIQ €IVl PTIAYHEVA ATTO MIKPOTEPO CUCTATIKA

[TpwTOVIa —VETPOVIA —NAEKTPOVIA

To MNeipapa Tou Rutherford -
OMOIOTATA JE TO MIKPOOKOTTIO

Be
> 4 nAexTPOVIO
e i 4 TTPWTOVIA
Ry 5 veTpovia

Electrons
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http://en.wikipedia.org/wiki/File:Rutherford_gold_foil_experiment_results.svg

O ZQOAOTIKOZ KHIMOZ TQN zTOIXEIQAQN 2OMATIAIQN

H mTaparipnon tng 1a€nG — ETTAVAANTITIKOTATAC 00NYEi oTN 1I0€a OTI KAl
TO cwaTidIa auTd gival @TIaypEva atrtd AAAa MIKPOTEPA OCWHATIOIA;



A1aoTAoEIC TC ZWHATIOIAKNG DUCIKNAG
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1GXUpé€ 0] AU\{dpEIg NG Puong
Metadidovrat pe ta yxlovovia AG OSVSICJ
Metadidovron pe to W & Z°

Proton

20YKPATOOV TO TPMOTOVIO, KOl VETPOVIOL GTOV TUPTVOL
Yvykpatovv Ta quarks ota mpotdvia Kot to veTpdvia

T
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Baputikeg

Metaodidovron pe ta ykpaprrovia

ANOAOIN ITA EAAHNIKA N.A TPAKAI

2VYKPATOOV To NAEKTPOVIO YOP® OO TOV TLPNVA
AvoryKaCovv T oVTIKEILEVA [e HAaCo VoL TEPTOVY , EvBuvovtot yio TG ympkég avrthdcsat%
ATRPEEY T M Kot Tovg mhavijTeg YOpo omd Tov HXie SO TOVAS HA\extpioudc, ®oc, AxtivoPBorio ...



TO KAGIEPQMENO IIPOTYIIO

TQN OEMEAIQAQN XQMATIAIQN KAI AAAHAEIITAPAXEQN

To Kabiegopévo Ilpdrvmo meprypdger my 1eégovoa yvaon pag yia m Pvown tov Zopatdiov. Aroredel pua zfavrn Oenpia tov tepihapfdver Ty wyver) alinhexidoaon (zfavria) yoopodvvapxg) zat v evorounuévy Benpia g
aoBevovg zat g nhextpopayviTixis alinienidpaons (nhextpaobevoig). H fapitnra repihapfdverar otov mivaxa diott eivar pia ano g Oepelidders alinrenidpdoets mapiho mov dev axotehel tpijpa rov Kabepopévou Igorimov.

ovotatizd ™mg UANg
omy = 1/2,3/2, 5/2, ...

OEPMIONI

nhexrpovizd| <1x10*

etolvo avo
0.000511 AT 0,006

NAELTOGVIO

HLOVIZO <(0.0002

T yonrevnuzé
ETO(VC

Hovio 0,106

<0,02
1,7771

+ VETOIVO T

v ko

Ly eivat ) 19100100goo | ToV oopatdioy. Aivetat og povadeg tou h, 10 onoio
arotehel 1) pOVAdA PETONONS TS OTEOGOOIS.
h=h27 = 6,58x10™ GeVs = 1,05x10* Js.

To nhextzd gogrio divetar 08 HOVAdES TOL POETIOV TOV TPWTOVIOL. XT0 AteBveg
Svompue Movadwy SI, 10 nhextoizé goptio tov mpwtoviov eivar 1,60x10™ C.

H povada evégyerag oty guota tov oopatdiov eivar 1o niextpoviofoit (eV).
Onhadi N EVEQYELL TOV ATOXTA £va NAEZTOGVIO GTav daoy el pua diagopd duvau-
%00 {om) ue éva féht. H pata diveraw o povadeg GeV/e* (Bupnbeite 6u E = me?), 6mov
1GeV = 10%eV = 1,60x10™ J. H pala tov mpwroviov eiva 0,938GeV/e' =

Mowtévio|  uuu

Avri-
Mowtévio|  Tlid
udd
uds

Quéya 5SS

0.940
1,116

1,672

Netpovio
Aduda

“YAn zan avodhy

T zabe £idog copandiov vrdoyer éva avionpatidio tov ovpfokiletar pe e o)
(uraoa) aavo axé 1o VPO TOL CWUATIOIO (E£T6S (v ONUELHGVETAL TO AEZTOXG @OQ-
o Tov pe + 1] -). To owparidio za 10 avnooparido ézovv my idue nda za 1o do omy
@ aviiBera goptic. T opronéva nhextoizd ovdétepa proldvia (Y Tapddetyna 1o
Z', 10y zanto n, = ¢, whh 61 10 K'=d5) 10 avuowpatidio ouprminrer pe 10 oopatidro.

Ipjpara

Ta opjpara aToTeELOUY jua 2AAMTELVIA WTEZOVION TOV QUOLZHV DIEQYAoLHY. AEV
elvar axoP zat or drotdoerg Tovg dev elvan mpaypanxés. Ta mpdowva yoapuooria-
OPEVE TINRATE EVTITQOOOTEVOVY TO VEQOS 1 TO TEDIO TMV YZAOVOVIOV EVE) OL ROXKL-
VEC YOUUIES AVTLOTOLLOUV OTIS TQOYLES TOV KOVGAOR.

POpE(S TV duvdpewv
omv =0,1,2

MIIOZONIA

Aour 0T0 E0WTERIXG TOL ATOROY

Y gutévio

Koudex _

oToo

Xpopanzo goptio

Kdabe zovaox péper éva ad ta 1ol edn
LU0V «@OQTIOU» TOV OVOPGLETL «)0m-
panzé goptior. Ta goptic avtd dev €500V zupud oy£on pe Ta Lourata Tov opatod gutés. Ta
YHROUGVIC HTOQET VL €XOVY 0%TH) dgoPETIRA yoopaTizd goole. ‘Orng T NheXTOE PopTIopE Ve
ompatida aAAAETOOOVY UVTUAAGOOOVTUS POTOVIA, T COUATIO HE YOWUaTIZ6 QopTio oV
e : oyv1 ahlnrenidpaon avrarhdooovy yzhovévia. Ta Aeatévia, 10 gOToVIo xat Ta oopatide W

Avdoraon = 10 “m
a

%o Z dev uglotavian 1oyveEg ahMAEemOOAOELS %t ETOUEVOIS DEV PEQOVY YOMPUTIZG GOOTIO.
Neteovio
xou Tpwtova

Ta zovdgz eivar eyzhofopéva péoa ota p za 1a fag Ta zov@pz zat T yrhovévia
dev pwropovy va aropovmBoiv. Boioroviat eyzhofiopéva zal oynpariCovy déoues zataot@oeig
70V deV TUPOVOLALovY OVUVORLEGE YoWPETZ6 @oOTIO %t ovopdlovrat adpdvie. Avtdg o eyzhofi-
OPOS EMTUYYAVETL pE OUVER QvTThhay] Y2AOVOVIMV HETHED TOV JOOUATIZG GOQTIOREVOV GUOTA-
TxOV 10U adpoviov. Av dio yoopanzd opriopéve oopatidie aropaxpuvBoty, 1o TEdO ™S L00-
pereais dvvaymg avEdvetar. H evépyeia tov mediov perarpéneta oe emumhéov Levyn zovdox-avi-
zovapx (fh. opjua rapaxdrn) mov Tehxd ovvdvdlovrar ot VEw adpGVIK, T 0Ol R TUQT-
povvrat. Avo £idn adpoviny mapampotivia ot gion: ta peoévia (¢7) »w T faguivia (gqq).

X otaon, = 107 °m
‘Azopo

Evanopeivaoeg 1oyvpés adinhemdpdoers. H ahdnhemidoaon netai tov i) zompanxd goptong-
VOV TOWTOVIOV 2L VETOOVIWY OQEAETL 0TIV EVATOPEVQOW (AT TOV TUOUUEVEL) LOYUEY Chhnhe-
AOOUON HETAED TOV LOWPATIAL POQTIONEVIY ovoTatzmy Tovs. H ratdraoy eivan aapdpowa ue my
EVATOPENVAOU NAEXTOUA] CAMAETIDOMON OV OVYXQaTE( Ta dTopa Yiat T0 oynpatiopd popimv. H
1oy ahAnhemidOon PTOPE Vet TEQLYOUPEL et 1F AVTCRAaYT] HECOVIWY HETAED TV adOVImY.

Xompanuxzd
@optio

o ll(_l
K Kadévio .\‘Ii
0" Po ll(_l
B’ Bijta 0 db
1. ‘Hrac cC

Iz uﬁm)\'m Mévio

(dev e axoum
'(ugun\ol]l)u )

H xepuéreia rov oopatdioy
Emoreqieite m) foapevps v wotooer(da
«H neourétera oy copandiwv» omy
nhextpovin devbuvon:
hup://ParticleAdventure.org

Euyolotovpie i my vyevizg 1ovg
OUpPRaGoTao Tovg e5ig:

U.S. Department of Energy

U.S. National Science Foundation
Lawrence Berkeley Laboratory
Stanford Linear Accelerator
American Physical Society, Division of
Particles and Fields

BURLE Industries, INC.

Eva verpévio dieondra o va 1potévio, va
NAEXTOOVIO % EVEL EVTIVETOIVO pECm Svirxon
(evduapeoov) proloviov W. Avnj eivar 1) dud
omaon fi

© 2000 Contemporary Physics Education Project. To CPEP eivau évag pn x£0d00%omiz6s ogyaviopds muqm-mv guowdy zan exnedevnzay. Tayudoouw dievtuvon: CPEP, MS 50.308,
Lawrence Berkeley National Laboratory, Berkeley, CA, 94720. T ahnpoqoples nxmm e Aivocres, reluevce, v {detEn oty 1y, doaotousTTe B hitp=/CPEPweb.org

ievo eival and 1o BifAio: “H yonTeia Twv orn uoikq iwv”, R.M. Barnett, H. Miihry, H. R Queen,
a E. i NHIaKEG Exbwﬂc EMI'I 2006, hﬂp //www.ntua.gr/ntuapress/




H 1déa sival ToAU amAn...

MNaipvovtag Ta HIKPOTEPA CWHATIOIN Kal

OivovTag TOUuGg TNV UYNAOTEPN OUVATN EVEPYEIQ.

ATTé auTh TNV atTAn 10€a el TTPOEADBEI
n ®uoiki YynAwyv Evepyeiwy,
N TEXVOAOYIO TWV ETTITAXUVTIKWYV
OUOCTNHUATWY, KAl N ETTAVACTACN THNS YVWONG MOG
TTAVW OTNV UAN, XWPO Kal XPOVo.

20/08/2012 ©. ANeCOTTOUANOG 9



Mari Xpeialopaote Touc EmiTaxuvrég;
O emiTaxuvrég emiAUouv duo mpoPAnpara ortoug Buaikoug:

v Karapxnv, apou oAa Ta ocwpdaTidia cupTEPIPEPOVTAl oav KUPATA, Ol YUOIKOI
XPNOIHOTOIOUV EWITAXUVTEC Yid va au§dvouv Thv oppn TwWv owpdartidiwy,
ETMOPEVWC HIKPAIVEI TO HAKOC KUPATOC APKETA WOTE va pmopoUpE va doUpE pEoa

OTO AToyo.

v Kara deUtepov, n evépyela Twv ypnyopwyv cwHaTIdiwy XpnolpomolgiTal yia Tn
onuiovpyia papiwv owpaTidiwv Ta omoia OEAoupe va HEAETAOOUUE.

H pada givan pia
Hop®PN TNG evEépyElag

J_...-}::?? ) e+ 2
ip {4t - = I
gy of/ | { E=MC” |
protons anti-protons

20/08/2012 O. AAe€dTTOUAOG



Avaokomnon- Ta Baoikd

Baoikd, £vag ETITAXUVTAG ETTITAXUVEI TO CWHATIOIO OE HEYAAEG
TAXUTNTEG HE TN BONOEIO NAEKTPOMAYVNTIKWYV TTESIWV

OTTOU KTUTTOUV £va 0TOXO0 | AAAa cwpaTtidia. Nopw atmrd To
OoUYKPOUONG TOTTOOETOUME AVIXVEUTIKA CUCTHHATA Yid va
MEAETACOOUME TA ATTOTEAECMATA OUTAG TG AVTIOPAONS 1| YEYOVOTOG.

O1 EmmitaxuvTég oTig YWNnAEG Evépyeig xwpilovTtal o€ SUO KUPIES KATNYOPIEG:

*2T00EPOU OTOXOU. TO CWHATIOIO KTUTTOUV £Va OKIiVITO OTOXO

‘Eva @opTiopévo cwpaTtidlo( e | p) emITaUVETAI

T m a1rd éva NAEKTPIKO TTESIO KAl KTUTTA €V OTOXO, TTOU UTTOpPEi
va gival oTEPEDG, uypog, N aéplo. ‘Evag avixveutng kabopidel
To @opTio, opun, HAla, KATT. TWV TTAPAYOHEVWY CWHATIOIWV.

*2UYKPOUOMEVEG OECHEG : OUO DEOHEG CWHATIOIWYV SIATTEPVOUV N HIA THV GAAN

To TTAgoVvEKTNMA: KOl 01 SUO DECMEG EXOUV MEYAAN EVEPYEIQ,

R o el ETTOMEVWG O PTTOPECOUE VA TTAPAYOUME Bapid cwHaTidia

L =2 agy a1ré OTI TTAPAYOUUE O€ TTEIPAMATA OTOBEPOU OTOXOU ME TV
id1a evépyela. AuTd Ta CWHATIOIO EXOUV MEYAAEG OPHEG

(MIKPA |..II’]K(51 KﬁydTOQ), KOAAUTEPA «MIKPOOKOTTION.
(0]

20/08/2012 . ANECOTTOUADG 11



Emrayxuvtig —

’ ’
TUTTO I ET[ | TGX UVTUJV Eva payvnTikd OaxTUAidI
EmiTaxUuvoupe Ta cwuaTiOIO PHE MIA NAEKTPIKN)
‘KAWTOIQ’ 0€ KABE yUpo

O1 EmiTtaxuvrég TagivopouvTtal Bacika o€ OUO KATNYOPIEG: W e bt ey

Particle pusher (RF cavity}

Mpappikoi EmiTaxuvrég (Linacs): ZwaaTtidia ekTogeUuovTal OTTWGS G’ £va OTTAO.
XpNOIMOTTOIOUVTAI OTA TTEIPAMATA OTAOEPOU OTOXOU, WG TO TTPWTO OTADIO
ETMITAXUVONG O’ £va KUKAIKO ETTITAOXUVTH, | oAV YPOAUHIKOI ETTITAXUVTEG.

e *2T00EPOG OTOXOG

*- - {1 *YeKaoTRPAG O€ KUKAIKO ETTITAOXUVTH

=S==iTt=F==  [pOaPUIKOG ETTITAXUVTAG

KukAikoi EmriTaxuvrég (Synchrotron): XpnoigotroloUuvTal O€ TTEIPAMATA
OUYKPOUOUEVWYV OECHWYV | atTOoTTOUVTAl ATTd TO OAKTUAIO VIO T TTEIPAMATO
oTa0epoU oToXoU. MeydAol payvnTeg KaBodnyouv To CWHATIOIO WOTE va
TTOPAMEVEI OE KUKAIKR TPOXIA.

*2UYKPOUOUEVEG @
ﬁg E;&?LZ‘LZZL @=“ Oeopeg
*AtTOoCTTOUVTAI VIO OTAOEPO OTOXO

20/08/2012 ©. ANeEOTTOUAOG 12




Evepyoc diatoun kai BwreivoTnra

+ “BepeMIBNG oxéon oTIG UYPNAEG evépyelg”

N = Loe —___ Amodoon

v~/

TTdpdThpnHEVWY

, Evepyog
yeyovotwy OAIKA dlaTOWN
PWTEIVOTNTA (m?)

(m-?)

* PWTEIVOTNTA. APIBUNOG ava povada
oKeOAJOMEVNG ETTIPAVEIOG AVA Hovada XPOVOoU

20/08/2012 ©. AAegOTTOUAOCG 13



20/08/2012

energy

MeydAol ETTiITaxuvTeEg

1980 1990 2000 2010

2020 2030
ILC?

LHC (CERN)

Tevatron (FNAL)

LEP (CERN)

SLC (SLAC)

HERA (DESY)

SppS (CERN)
Tristan (KEK)

PEP (SLAC) PEP 2 (SLAC)

R —
PETRA (DESY) e———

EE— KEK-B
CESR (Cornell)
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Emitaxuvréc PopTiopévwy Zwuartidiwy

Fermilab - HITA




TexvoAoyieg “spinoff”

World Wide Web

latpikn atreikovion (MRI, CAT, PET)

MeyaAnG atro0oTIKOTNTAG UTTEQPAYWYIMOI UAYVITEC
2uoTnuara uynAou Kevou

KpuoyevikKa ocuoTnuara

YTTOAOYIOTEC UEYAAWY ATTAITNOEWV

['priyopa NAEKTPOVIKQ



Mia Mikpn Mapartinpnon

210 TEAOG TOU 190U aiwva n Bacikn Eépeuva gixe HOAIG aVAKAAUWEI TO NAEKTPOVIO.
Twpa kaBwg Badiloupe oTov 210 aiwva, dev ptropei Kaveig va diavondei Tn {wn
XWPIG Ta NAEKTPOVIA. AUTA QPEPVOUV TOV NAEKTPICHO OTA OTTITIO MOG, METAPEPOUV
TN QWVH HOG MECOA ATTO TA TNAEPWVIKA CUPMOATA KOl OXNHATICOUV TIG EIKOVEG TTOU
BAETTOUME OTIG 006VEG TWV THALOPATEWV.

lNMolog ¢Epel AoItrov TI OQEAN Oa @EpEl N onpePIvi) BAOIKA €épEUvVa CTO aAVOPWITIVO
vévog oTta emropeva 100 xpovia.....

J.J. Thomson

discovered electron in 1897

20/08/2012 ©. ANeEOTTOUAOG 17



IoTopia Buoikn YynAwv Evepyeiwv (BYE) - (1)

~50% Nobel oxeTikd pe ®YE

1921 A. Einstein - pwTtonAekTpiko waivopevo pali pe M.Planck (nobel
1918) & Compton (nobel 1927)

1922 Neils Bohr - dopn Tou atopou, KPAVTWGON EVEPYEIAKWY ETITTEOWY
pali pye Toug Franck & Hertz (nobel 1925) neipapa

1929 Louis-Victor de Broglie - kupatiki 1816TNTa TWV NAEKTPOViwy.
TTeipapa Davisson & Thomson (nobel 1937)

1932 Werner Heisenberg 1933 Erwin Scroedinger & Paul Dirac :
KpavTikn Octwpia

1936 Carl Anderson - avakdAuyn mtoliTpoviou. TTpoPAEPONKe amod Thv

e€iowon Dirac. AvakdAuyn avTimpwTroviou Segré & Chamberlain
(nobel 1959)

1935 James Chadwick - avakdAuyn veTpoviou
1939 Ernest Lawrence - KUkAoTpo

20/08/2012 O. AAegoTTOUAOG



TIotopia EYE - (2)

1945 Wolfgang Pauli - amayopeuTikh apxn. O Pauli mpoépAeye kar Thv Umtapn Tou
VETPIVO.

1948 P.M.S. Blackett avamTuén Tou BaAdpou vepwyv. Emiong Donald Glaser
avantu¢n BaAdpou puoaAidwyv (nobel 1960) & Georges Charpak avamTugn Twv
TToAUGUPHATIKWY avaAoyikwyv BaAdapwy (nobel 1992)

1949 Hideki Yukawa - peaévia. To m-peadvio Tou Yukawa avakaAUgpOnke amd Tov
Powell (nobel 1950)

1955 Willis Lamp & Polykarp Kusch - Métpnon Tng AemTAG UPAG Tou UdpoYOVoU Kal
TNG HAYVNTIKAG POTING TOU NAEKTpOViou

1957 Chen Ning Yang & Tsung-Dao Lee - mapapiaon Tng parity oe aoBeveig
aAAnAemidpdocic.

1961 Robert Hofstadter - okédaon nAekTpoviwv amod muphvecg. Gell-Mann - €dei1e
OTI n upn Twv adpoviwv eival uteUBuvn yid To HeydAo ap1Buod peooviwy Kai
papuoviwv (nobel 1969). Aoun Tou voukAeoviou amé “partons” - Friedman, Kendall
& Taylor (nobel 1990).

1965 Feynman, Schwinger & Tomonaga - QED

20/08/2012 O. AAegbdTTOUANOG



IoTtopia EYE - (3)

1976 Burton Richter & Sam Ting - avakdAuyn Tou J/y
1980 James Cronin & Val Fitch - TTapapiaon tn¢ CP ota K

1979 Glashow Salam & Weinberg - Evomoinon nAekTpacBeviiv. avakdAuyn
Twyv Z° kait W*/- - Rubbia & van der Meer (nobel 1984). HAekTpaoBevic
Ocwpia - QFT 't Hooft & Veltman (nobel 1999).

1982 Ken Wilson - Critical phenomena. Zuvdeon petalu Bswpiwv mediov.

1995 Fred Reines - avakdAuyn Tou veTpivo. Avixveuon Tou P-VETpivo -
lederman, Schwartz & Steinberger (nobel 1988). TaAavtwoeig veTpivo -
Ray Davis & Masatoshi Koshiba (nobel 2002).

2004 David Gross, David Politzer & Frank Wilczek - QCD

2008 - Ypochiro Nambu, Makoto Kobayashi, Toshihide Maskawa -
discovery of the mechanism of spontaneous broken symmetry in
subatomic physics TER
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2 komoc Tovu CERN

’ uniting people

Research

- KaBopilel Ta véa 6pia Tng yvwong #

T.X. Td HUGTIKA TOU ...TI ouvaiPpel oTa TTPWTECG OTIYHEG TNG
Onuioupyiag Tou KOGHOU?

* AvamTUOoE! TIG VEEG TEXVOAOYIEG Yia TARSIEESS e
eTTAXUVTEG & aAVIXVEUTEG. s

Texvohoyia H/YmoAoyioTwy - Web kai GRID
LaTtpikn - didyvwaon & Bepameia

& punxavikoug

- Evwvel Toug avBpwtoug amo
O1dPOPETIKEC KOUATOUPEC



CERNNOPUBHREN 0105242

Zi]iizgief 20 Sk 2|

v i Il
oY Twe Nl LN m T ‘-

~ 2300 (TTPOCWTTIKG)
~ 790 other paid personnel
> 10000 xpnoTeG Ny
[IpouTToAoyIouOG (2010) ~ 1100 MCHFE

| | 19625 HICUVOIK n!ﬁpuong_'rounpy uﬁsynngunoypqqﬁ:

K 20 KPATN-MEAN: Austria, Belgium, Bulgaria, the

& Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Italy, Netherlands,
Norway, Poland, Portugal, Slovakia, Spain, Sweden,
Switzerland and the United Kingdom.

o JuTTOWN®Ia XWEa: Romania

* 8 [laparnpnrea: India, Israel, Japan, the Russian
Federation, the United States of America, Turkey,
the European Commission and UNESCO
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Katavoun Twv EmTioTnuovwy

- KOl TTOU KATOARYOUV;

Survey in March 2009

Status of 1998 (120 PhD's total)

O

Industry
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Research Centre

Whereabouts of PhD's

htus of 1998 (68 PhD's total)

O

omputing

Finance /
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‘ Aev TTAPAPEVOUV ONOI £DW: TTOU KATAANYouv & TI KAVOUV;

Commun.

Chemistry

Whereabouts of PhD's in Industry




CERN TexvoAoyieg - KaivoTOMIEG

3 Katnyopiec Texvohoyiac oto CERN

ETiTaOXUuVTEG
owuaTIdiwv

Avixveuon
OWHATISIWV

MeyaAng KAipakag |
YTTOAOYIOTIKWY 2UCTNNATWY
(Grid)




CERN TexvoAoyieg - KaivoTOMIEG

laTpik ATTEIKOVION

[Mapadeiyua: latpikEc EpapuoyEc

ETiTaOXUuVTEG
owuaTIdiwv

——— LN

Workstation 32MB /1 =
2 views: 128MB

MeyeiAng Khipaarg — IS

Agopn QopPTIoHEVWV YTTOAOYIOTIKWV SUCTNNATWV| T RN
OWMaTIOIWV XAvouv (Grid)

EVEPYEIQ OTNV UAN

2uoTtnua Grid yia avadAuon & opyavwaon 1aTPIKWV OEO0NEVWV

217



Avodopoun OTA TTPWTA
BApata TG PUoIKAC
YynAwyv Evepyeiwyv



MepIKEC oNUAVTIKES paleg/povadeg (2)
1MeV 1GeV 1TeV
| | |

>
M,=91 GeV

M,=0.5 MeV  M,=105 MeV M, =1 GeV M, c=14 TeV

M, =140 MeV

Na JAKN cuvnBWS XPNOIMOTTOIOUHE TIG HOVADEG:

= 1um (10°°m), T.X. XWPIKA SIaKPITIKA IKAVOTNTA AVIXVEUTWYV
= 1nm (10°m), yAKOG TTPACIVOU PWTOS A=500nm

= 1A (101%m), péyedog Tou aTdépou

= 1fm (10-1°>m), péye0o¢g Trpwroviou

Na xpOvoug, TTPOKTIKES MOVADECS Eival:

= 1us (10%s), xpovog oAioOnong e oe 5cm

= 1ns (1079s), oXeTIKIOTIKO € diavuel 30 cm

= 1ps (10-1%s), yéoog xpoévog {wnc Tou B pecoviou



Movadec - Evépyelac

1eV=1602x1019J
1£J(= 1015 J) = 6,241 x 103 eV

TTx. 'Eva owpaTidio a éxel wopTio +2 o0Tav emiTaAXuvOei amd pia diapopd
duvapikoU 1000 V amokTd evépyeia 2 keV

lMa akTtiveg - X A akTivoPoAia y €xoupe

=h
/E' ! \ ouxvoTnTd

> 1aOepd Tou Plank: 6,626 x10-34J-s = 4,135 x 10-1%eV:s

A 1240x10°

/ E
Ye péTpd \ Se eV
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MepiKOi 0OpICHOI KOI JOVADEC
2 2.2 2.4

= p°Cc™+my-C
" gvEpYEIa E: METPOUMEVN O€ eV
" OpMN P: METPOUUEVN O€ eV/C
= pada m,: METPOUMEVN O€ eV/c?

1<y <)

ﬂ=% 0<p<1) 7=

Jlﬂ

2
E=mgyc™ p=myyfC 'B_E

K=E-E

0]



Mepikoi OpIOHUOI KOl HOVADEG

1eV cival TToAU pikpr TToooTnTa evépyelac: leV =1.6x101°J
mg, = 1gm = 5.8x10% eV/c?
u=1 m/s> Ey=103J=6.25x10%5eV <

E, .~= 14x10%%eV

OAIKN evépyeEla avTidpaong:
1014protons x 14x1012eV = 1x108 J

AUTO QVTIOTOIXEI O€ EvVa POPTNYO:
m,.,..=100 T and
Uiruek=120 Km/h
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To pwc¢ TTapouaialel KUPATIKN
uepn!

Thomas Young's Double Slit Experiment

Screen with

Single Slit =Sunlight

1340443
RN

Diffracted
Screen with Coherent
Two Slits Spherical
avefront
e - 2 : - Kl
v, ’
NS
V“ : "V" /
ATh "aY

Line SIS ’4é" Line of
of Waves avaiPara Waves

In Step L TSLY Out of Step

ki

Detector Screen Dark Bright Interference

Fringe Fringe Fringes
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X
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<!
X
vej]
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= Acos(kz - w)
A cos(kz — wt)

TaxutnTa WTOC AVECAPTNTN ATTO TNV TTNYN



Mlchelson-Morley

' Lunumferous Ether

mirror

light -
source

coherent >I mirror

semi-silvered
mirror

IR
speed of light Is independent of
velocity through the “ether”

Taxutnrta eWTOC aveCAPTNTN ATTO TO CUCTNMA AvAPOPAC



Einsteln

AV n TaXUTNTA TOU PWTOC
gival otaBepn TOTE 0 XWPOC
KAl XpOvoc Ba TTpETTEl va
UETABAAAOVTAI
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MeTaoxnuaTtiouoi Lorentz

1
r- V1= V3 c?
x = (t,X,Y,2)
o V
xH = (v(t-EX),v(x-vt),y,Z)

0Eon & XpOvoC ONUIOUPYOUV EVa
TETPAVUO U



TeTpavuouaTta
p=ymv

[
~~
m
~
O
R
e
N
—

= M%-gﬁm-m-ﬁ-m
— ﬁZCZ + mZC4




20/08/2012

Evépyeia
\/6202 + m2c4

\/y2m2\7202 + m2cA

V2
= mc + 2
1- v2/c?
V2 4+ 2 — V2
= mc
1- v2/c?

v m ¢

©. ANegoTTOUNOG
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Epapuoyn

aproton with E = 35TeV

m, = 938MeV/ ¢

y = 3731

% = 0.999999964



KBavTounxavikn



AKTIvof3oAia MEAavoucg
2WHNOATOC

FIRAS data

— 2.725 K Blackbody

7

;s 300 - —
2

=,

2 200} =
n

C

Q

£ oo} -
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E

hy

5
St Vi = 6.22x10° m/s

1778V 550nm -2 96x10° mis
2.25 eV
400 nm

3.1 eV
(o) o (o)
El 'l
no O' '0
electrons o .
s L4

Potassium - 2.0 eV needed to eject electron

E=hf =h2rf = hw

E¢nynon (A. Einstein):
" (pWG ATTOTEAEITAI ATTO CWATIOIA (PWTOVIQ)

= EvEpyela pwToviwv avaloyn TG ouxvoTnTag:

(Planck constant h = 6.626 x 10 34 J s)

= Evépyela katw@Aiou E, = hv,: evEpyEIQ TTOU ATTATEITAI YIA TN £§AywWYN
EVOGNAEKTPOVIOU ATTO TO ATOUO, ECARTATON ATTO TO UAIKO TNG KaBodou. 4,



J.J. ThROMSON

AvaokaAuwn e 10 1897

Measurement of the electron mass: m, ~ M,/1836

“Could anything at first sight seem more impractical than a body which is so small that
its mass/isian insignificant fraction of the immassof/an atom of hydrogen?” (J.J. Thomson)



Bohr and de Broglle




[eipapa Twv OUO OTTWYV

(a) After 28 electrons

(b) After 1000 electrons

r 10,000 electrons

IH lll

Iudiv l al Accumulate d
counts/ connts/m

probability = | probability amplit ude |2
probability amplityde acts like a wave



ApxnN TNG afeBaioTnTag

Microscope

Photon //
.\ V) Y

=© Microscope

Electron /
g
' &
Photon A
N
=

Electron

Helsenberg AXAPp2

N[ ¢
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AvTiowparidia
To amoTéAeopa TNG €PAPHOYNC TNC OXETIKOTNTAC OTNV KPAVTOUNXAVIKA €ival n
TPOPAEYN TWV avTiowHdTIOiWy.
kAaoikd: E=p?/2m mou odnyei aTnv e€iowon Tou Schrodinger

hZ
YPAHHIKO @ - — V&Y
>\ 2m

2 XETIKIOTIKG: E?=p2c2+m2c* mou odnyei otnv efiowan Klein-Gordon
hz 2y 72 2 2
20U BaBpoy -—c VY +mcY
» 2m
odnyei g OeTIKEC KAl APVNTIKEG EVEPYEIEC.
apVvnNTIKEG evEpyeleg avTiowpaTidla pe BeTIKA evépyeld

6Ad Ta owpatidia £xouv avTiowpaTidid Kai SUVABWC Td ONUEIWVOUHE HE Hid TTAUAd
TTAvW amé To owaridlo. X -
(0] (0]
K" K

— OUmG € Ko e, w ko put

— UEPTKA GOUOTIOW EIVOL TOL AVTIGOUOTIONW TOV EQVTOD
TOVG Ty Y, Tt



Kpouaeig
KAaooikad
— owatnpeitar ITANTA n opun, |3
— owatnpeitar ITANTA 1 péCo
— Mepucéc popéc dratnpeital N KIVNTIKN EVEPYELD

— owtnpeitarl ITANTA 1 cuvolikn evépyela

— 2LYETIKIOTIKA ~
» Swutnpeiton ITANTA n opusy, P
* Mepucéc popéc oratnpeitar n uala
o Mepikéc @opéc dlaTnpEiTal | KIVNTIKN EVEPYELD

 Jwutnpeitoan ITANTA 1 cuvolkn evépyeia

AIATHPEITAI H 4-OPMH



Aidoraon ocwuatmidiwyv

© TIPIV:

p, =(m,,0)

HeTa:

po=(EP) p.=(E.~P)

M c.m. frame

2 2 2 2 2
EC':\/mC'+p :\/mC+EB_mB

mAzEB+\/m§+E§—m§ N
2
m —2m,E, =mi —m; <

£ _ m: +m; —mg
2m,
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MeTapAntéc Mandelstam

- H avTidpaon A+B2>C+D xapaktnpileTal amoé 2
HeTaAPANTEC

D C
A Elcm B A .B(__B_ab
D
C.m. frame Lab-frame
CM
otoCM E" & 6, otolab E* & 4,

s=(p,+p,) =(p.tp,) = emiv2E £, 25,0,
f:(p/l- pc)zz(pg_ pD)Z:mi+mi- ZEAEC+2'DAD'BC
U:(pA- po)zz(pg_ pc)zzmi_i-mzz)_ ZEAED-I_Z'BAD/BD

* peTaPpAnTEC TTOU TTApApévouv apeTdPAnTeC o€ petaoX. Lorentz
52
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Peppiovia & Mwolovia

$eppiovia MTttolovia
2 TaTioTikh Fermi-Dirac 2 TaTioTiKA Bose-Einstein
spin nuiaképaio %hghgh spin aképaio On,1n,2h...

500 TauTéoNUA PepIdVIa, 1 & 2 OUO Tautoonua ptrodovia , 1 & 2

£XOUV QVTIOUUMETPIKNA £XOUV OUUUETPIKN KUPJATOOU-
KUMATOOUVAPTNON aTNV vapTnon oTnv evaAAayn
eVOAAQy

P(1,2) =-¥(2,1) Y(L,2)=Y(21)
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QcpcAhiwdn epuiovia

Fundamental Fermions
it tit t
FERMIONS oin- 12 32 502, ...

Leptons spin = 1/2 Quarks spin = 172

Approx.

Flavor Mass Electric

Havor Mass  Electric

GeV/c?2 charge Gev/c2 Charge

p_ electron U up
neutrino

€ electron d down

muon

: harm
M neutrino Cc

JL muon S strange

p_ tau t to
T neutrino P

T tau b bottom

The word "quark” comes from Joyce’s Finnegans Wake: “Three quarks for Musfer Mark”. When Gell-Mann proposed quarks, only the ud, and s
quarks were thought to exist, and even then only as mathematical constructs. 10
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KaBiepwpevo MNpoTutro

To KabBiepwpévo TMpoTUTTO TTEPIYPAPEI TTWS N UAN

oopeiTal

OTTO MIO OMAOA OTOIXEIWOWV CWHATIOIWV.

Mepiypa@el €mmiong TTWG MIA AAAN OpAda CWHATIOIWY,
TO OTTOKOAOUMEVO @OPEIC DUVANEWYV, £Tnpedlouv Ta
TPWTNG OMAdAGC MEOW OlAPOPWV
OAANAETTIOPACEWY KOOI ME OQUTO TOV TPOTTO ONHIOUPYOUV
OAEG TIC OOUEG TTOU TTAPATNPOUHE OTO MIKPOKOOHO.

THREE GENERATIONS OF MATTER

OWHATIOIO TNG

RKS

MATTER CONSTITUENTS: FERMIONS

QUA

LEPTONS

3

|

DOWN
QASYIy!

LEGIRON

m

2.75]
7 )
L dUP

|

11

111

CHARGE:

A

1

3-10%] |

NEUTRINO

NEUTRINO.‘ ‘

FORCE CARRIERS: BOSONS




Kafigepwpevo Mpotutro (KI)

Av Kal TO ovOuAlOUME POVTEAO, Eival JIa uttToyn@la
Oewpia Twv OTOIXEIWOWY OCWHATIOIWY KAl  TWV
OAANAETTIOPACEWY TOUC.

XTIOTNKE «TTETPADAKI-TTETPADAKI» TA TIPONyoupeva
50-60 yxpovia Baoi{Ouevo oTa TTEIPAMATIKA dedouEva
OIAPOPWYV TTEIPANATWY KAl OE MEPIKEC KAIVOTOMEQ
OewpnTIKEC I1OEEC.

Baaoiletal oto padbnuaTtikd uttoabpo NG «KPavTikAg
Oewpiac Trediou» (QFT) n otroia O€TEl PEPIKEC
BACIKEC/EIDIKEC 1010TNTEC (OUMMPETPIEG).



15 Bpafeia NOpTtreA €xouv O0BEI yIa TIC TTEIPAMATIKES
N BewpnTIKEC avakaAuwelg TTou Bondnoav 1o KI'l

apxn: 1936 kai 1o 1o Tpoo@ato: 2008!

1936: AvakaAuyn Ttou Ttroditpoviou, Victor Frantz
Hees & Carl David Anderson

2008: AvokGAuywn TOU  PNXaviopou  UTtapeng
TOUAayxioTov 3 VYeviwv Koudpk, Yoichiro Nambu,
Makoto Kobayashi, Toshihide Maskawa



O1 BewpnTiKoi  @QUOIKOI  TTOAAEC  POPEC  EXOUV
TTPOPBAEWEI TNV UTTAPEN VEWV CWUATIOIWY Kal/f) VEEC
aAAnAemTIdpacelc  Baoifopevol  OTN yvwon Twv
OAANAETTIOPACEWY TOUC TTOU TO KPATOUV O€ OECMIEC
KATAOTAOEIC. Ta TTEIpAUATA £€XOUV OVOKOAUWEI auTa
Ta cwuariola!

AANNEC POPEC VEQ CWHATIOIO KAl VEQ PAIVOUEVA EXOUV
QVOKOAUQOEI avatravrexa armro TOUC TTEIPANATIKOUG
(PUOCIKOUC...

Me atmrotéAeoua va kaBodnyouv Tn Bewpia etTionc!



‘2TOIXEId 2> XNMIKEC EVWOEIC = uopla - AToua -2
TTUPNVEG =2 KOUAQPK, AETTTOVIA , ....

Duoik ZTOIXEIWOWYV 2ZWHATIOIWY
TI TmioTevoupe oNUEPQ:
2TOIXEIWON CWHATIOIO €ival TO KOUOPK, TA AETTTOVIQ
KOl TO utrolovia BaBuidag (popEic
OAANAETTIOPACEWV): PWTOVIO, utrolovia-W/Z,

YKAOUOVIO Kal....

TO MTr¢OVIo higgs



O1 vépor t™ng @uong (KIM) trou éxoupe Bpel va
OouAgUouVv OTOV HIKPOKOOHO, atrooTdoelg 10 fm,
KOl OKOMO O€ MIKPOTEPESC ATTOCTAOCEIC, PAIVETAI VO
EXOUV OXEON HME @PAIVOMEVA TTOU OUHBaivouv o€
KOOMOAOYIKOUG XpPOVOUG (Tr.X. KOTA TNV apXn TOU
OUMTTAVTOG) OAAQ KOl O& KAIMOKEC OOTPOVOMIKWV
ATTOOTACEWV (EKOaTOMMUpPIO MEYa-pc, pc=30,9x10%°
km=3,26 £€TN-@WTOG).



size in atoms and in meters

_1c.
1 10

-14

1 15
100,000 (‘) -
:

3 Y -18
100000000 'V € L.

Alapopa ocwuaTtidla @aivovTal
OIaPOPETIKEG KAIMAKEG!

20/08/2012

O1 BepeMiwdeIc AiBol TNG UANG
Qaiveralr va @EPOUV  MIa
KAIlUAKWON:

Atopa ~ Angstrom = 1019m

KoudpK & AETITOVIO T OTTOId

gival EKATOVTADEG
EKATOUMUPIO  QPOPEC  TTIO
UIKPOTEPO ATTO TA ATOMO
TTIOTEUOUE OTI gival

OnNUEIOKA cwuaridla (TTpog 1o
TTapov!)

OepeAidNn o€
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‘Exoupe OuO TPOTTIOUC VA PTACOUME OTNV «KAPOIA»
TNS UANG:

 MeAeTwvTag ouoTNUATIKA  TIC  TTEIPAMATIKEC
1I010TNTEC TNC UANG, OTTWG pada, atrv, Xpovo (wng,
K.ATT.

« XpNOIJOTTOIWVTAC TO PAIVOUEVO TNC OKEDAONC YIA
va @TAOOUME OTNV  EOWTEPIKA  OOHN  TWV
OWHATIOIWV.



[a TTapadeIyua:

To e: avakaAu@ponke katd AaBoc aAAa Taiplale pe
TIC OUCTNMATIKEC TTAPATNPNOEIC TWV
TTPONYOUHEVWY £TwV: 1897-1899

To e*: T1poPAEPONKE ammd TN OXETIKN
KBvTrounxavikn, P. Dirac

To ur: atrAQ «eppavioTnke» 10 1936 atmd povo Tou
aAAG ouvERaAe oTnVv KaTtavonon TWV
aAANAETTIOPAOEWV



To m*:. mrpotradBnke ammd Tov Yukawa (1935), v:
mpoTddnke amd Tov Pauli (1931), kar ta duo
AQvaKaAU@Onkav o€ TreipapaTa 10 1947,

NMupAveg. PpéOnkav TTEIpOPATIKA  ATTO  TOV
Rutherford ot mreipdpara okedaong (1911)

Koudpk u, d, s:. mporadnkav (1961) yia va
KATaAQBouv TIC 1I0I0TNTEC TWV CWMPATIOIWYV Kal va
UTTOPECOUV  va  OnNUIoOUPYyNoouv  e&va  €idoC
TTEPIOOIKOU TTIVAKA TWV OTOIXEIWOWY CWHATIOIWV.
EmpepaiwOnkav  TTeEIpauaTikK@  O0€  TTEIPAUATA
oKEOAONC 1O 1966.



Elavor Mass Electric Elaver Approx Electric
GeV/c? charge G V/ 2 charge

11EPIOOIKOC 1 IVAKOC 2TOIXEIWOWYV 2WUATIOIWYV
matter constituents

FERMIONS spin = 112, 312, 512,

Leptons spin =1/2 Quarks spin =1/2

W riimor (0-0.13)x10-9 RS0 002

electron 0.000511 ~1 &) domn 0005  -1/3
o (0.009-0.13)x10-9 0 &) cham 1.3 213
muon 0.106 -1 S) strange 0.1 -1/3
netino® | (0.04-0.14)x10-9, 0 W ({) tor 173 2/3

tau

77 -1 -1/3




Popeic Twv Auvdpewyv TnG Puong

force carriers

BOSONS spin=20,1, 2, ...

7 0 0

hoton

Mass Electric :
Name Mass Electric
_ g/ 0 0

W.J 80.39 ~1
wj 80.39 +1

W bosons

gj 91188 = 0

‘ Z boson
20/0 2




Events / GeV

Data - Bkg

Katé@0aoe kal To cwpaTtidlo higgs

(e T T T T
Selected diphoton sample %2000_ CMS Preliminary —4— S/B Weighted Data
o Data20fi and 2012 F e _pqgd = S4BFi
Sig + Bkg inclusive it (m = 126.5 GeV) (01800 ts=7TeV,L=5. fb, ------ Bkg Fit Component
yg S N C 15=8TeV,L=5.31 B 110
4th order polynomial ©1 600 t
- A .. [ 220
\s:?TeV,det:d.efb j400—_
\§=8TeV.de!=5.9tb" %1200}
Q C
" >1000F
w
© 800
gt
ra «
5 600:
é’ 400¢
200
0"1 ] | | ] | | I 1
120 140
00 10 120 130 140 150 160 m,, (GeV)

m,, [GeV]
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O véog TAEoV TTEPIOOIKOG TTIVAKAG

force carriers

BOSONS spin=0,1, 2, ...

Unified Electroweak spin = 1 Strong (color) spin =1

Mass Electric -
Name N ERS Electric
GeV/c? | charge e GeV/c? | charge

g 0 0

o

gluon

W" 80.39 -1

Spin # 1

Kiaroe Mass‘ Electric
GeV/c2| Charge

5 O 0

WH | 8039 |+

W bosons

2% | 91188 | o0

Z boson

©. AAegoTTOU



2UCTOTIKO TWV ATOMWYV

Structure within
the Atom

Quark

Size < 10719 m

Elettron

Nucleus :
Size < 10 ¥ m

Size =~ 10~ m.._ .

“ Neutron
, and
- Proton
Size = 10 '5m

Size < 107 m

If the protons and neutrons In this plcture were 10 cm aaross,
then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.,




Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions (quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak). Gravity is included on this chart because it is one of the fundamental interactions even though not part of the “Standard Model.”

. :
BOSONS sin=o.1.52 ..

matter constituents
FERMIONS spin = 1/2, 3/2, 5/2, ...

Structure within
the Atom

Quark

Size < 1079m

Color Charge
Each quark carries one of three types of
“strong charge,” also called “color charge.”
These charges have nothing to do with the
colors of visible light. There are eight possible
types of color charge for gluons. Just as electri-
Neutron cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
and ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
interactions and hence no color charge.
Proton

Atom Size = 107> m
Size = 10710m

electron | <1x10-8 U up
neutrino

Electron
Size <1078 m

electron |0.000511 d down

mdon <0.0002

neutrino

muon 0.106 S strange
y tau <0.02 t top

neutrino

tau 1.7771 b bottom

ucleus

Size = 1074 m

C charm a

2/3
2/3
-1/3
2/3
-1/3

Quarks Confined in Mesons and Baryons
One cannot isolate quarks and gluons; they are confined in color-neutral particles called
hadrons. This confinement (binding) results from multiple exchanges of gluons among the

Spin is the intrinsic angular momentum of particles. Spin is given in units of K, which is the
quantum unit of angular momentum, where fi = h/2n = 6.58x1072° GeV s = 1.05x10734 J 5.

Electric charges are given in units of the proton’s charge. In Sl units the electric charge of
the proton is 1.60x10~' coulombs.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec-
tron in crossing a potential difference of one volt. Masses are given in GeV/c2 (remember
E = mc?), where 1 GeV = 109 eV = 1.60x1071 joule. The mass of the proton is 0.938 GeV/c2

If the protons and neutrons in this picture were 10 cm across,
then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.

color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
gy in the color-force field between them increases. This energy eventually is converted into addi-
tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combine into
hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in
nature: mesons g and baryons gqq.

Residual Strong Interaction
The strong binding of color-neutral protons and neutrons to form nuclei is due to residual
strong interactions between their color-charged constituents. It is similar to the residual elec-

=1.67x10"%7 kg.

Matter and Antimatter

For every particle type there is a corresponding antiparticle type, denot-
ed by a bar over the particle symbol (unless + or — charge is shown).
Particle and antiparticle have identical mass and spin but opposite
charges. Some electrically neutral bosons (e.g., Z°, v, and , = cc, but not
KO = ds) are their own antiparticles.

Figures

These diagrams are an artist’s conception of physical processes. They are
not exact and have no meaningful scale. Green shaded areas represent
the cloud of gluons or the gluon field, and red lines the quark paths.

20/08/2012

trical interaction that binds electrically neutral atoms to form molecules. It can also be
viewed as the exchange of mesons between the hadrons.

PROPERTIES OF THE INTERACTIONS

Gravitational

See Residual Strong
Interaction Note

“ Quarks, Leptons Electrically charged Quarks, Gluons m

10-41 0.8
10-41 10-4
10-36 10-7

2
60
Not applicable
to hadrons

pp—> ZOZO + assorted hadrons

Mass - Energy Electric Charge Color Charge
5

e*te” — BOB?
1, P

‘20
hadrons/

> Siiane. ~ hadrons

hadrons \
Z0

N\ N
Two protons colliding at high energy can
produce various hadrons plus very high mass
particles such as Z bosons. Events such as this
one are rare but can yield vital clues to the
structure of matter.

An electron and positron '—0
(antielectron) colliding at high energy can B!
annihilate to produce B° and B9 mesons
via a virtual Z 56%on of\a irtualpHoton

A neutron decays to a proton, an electron,
and an antineutrino via a virtual (mediating)
W boson. This is neutron B decay.

Not applicable
to quarks

The Particle Adventure

Visit the award-winning web feature The Particle Adventure at
http://ParticleAdventure.org

This chart has been made possible by the generous support of:
U.S. Department of Energy

U.S. National Science Foundation

Lawrence Berkeley National Laboratory

Stanford Linear Accelerator Center

American Physical Society, Division of Particles and Fields

BURLE INDUSTRIES, INC.

©2000 Contemporary Physics Education Project. CPEP is a non-profit organiza-
tion of teachers, physicists, and educators. Send mail to: CPEP, MS 50-308, Lawrence
Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text
materials, hands-on classroom activities, and workshops, see:

http://CPEPweb.org 70



Bapudvia & Meoovia

Bapudvia Meaovia
ouvOUdoHOC TPIWV KOUdpPK ouvOUdopOC KOUdpK avTikoudpk
qq qq
mpwTévio p=(u 1 d) movio (1) = ud
vetpovio  n=(u c d) kaovio (K) = Sd
Adpda A=(u | s) y-yegévio = CC
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Bapudvia

Baryons gqqq and Antibaryons qqq

Baryons are fermionic hadrons.
There are about 120 types of baryons.

Quark  Electric Mass Spin
content charge GeV/c2 °P

Symbol Name

proton

anti-
proton

neutron
lambda

omega

12
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Meoovia

Mesons qq

Mesons are bosonic hadrons.
There are about 140 types of mesons.

Quark  Electric  Mass
content charge GeV/c?

Symbol Name Spin
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f ~ force carriers
BOSONS spin=0,1, 2, ...
Unified Electroweak spin =1 Strong (color) spin =1

Mass  Electric Mass  Electric

N
s GeV/c2  charge GeV/c2  charge




AAMnAeridpaon & Tledio

« 20Ppwva ge Thv KAAooIkn ikova n aAAnAsmtidpaon
o€ KATT0Id AdTTO0TACN XPNOIUOTIOIWVTAC ThY €vvoid
Tou Trediouv

* 2Thv KPavTopnxavikn Oswpoupe 0TI N
aAAnAeTtidpaon viveTai ge Thv avraAhayn kpavrtwyv
(ummoloviwv). Ta KPAvTa €xouv oppn/evépyela Ta
ottoia diaThpouvTal Hovo av n aAAnAettidpaon yiveTtai
oc £€va Xpoviko didoThua Tou kaBopileTal amo Thv
apxh Tnc apepaiétntac AEAt>h. Ta kpdvra AéyovTai
duvnTikd (virtual).
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[Mapadelyua «e€a@Avionc» avTITTPWTOViou o€ BAAANO PuUOaAidwyv udpoyovou.

P+p—s KO+ K™ +TT*4T°
‘l'(‘op—.‘ﬂ’.p P
K™ ep— A%:91°
T+p P

KO= 491~
M" +v
et+vaiv
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M£6000I TNC CWHATIOIAKNG PUOIKNAGC

1) ZUYKEVTPWON EVEPYEIAG OTA
owpaTiola ( )

2) Zuykpouon cwpaTidiwyv
(dnuioupyia cuvOnkwv
availoywv Tou Big Bang)

Enitaxuvopeva - *  Zwparidla

- E -
ti_—'- - -~
- ‘.ﬂ?

3) Avayvwpion napayouevwy
owuaTIdiwv and Tov AVIXVEUTH
(€Epeuva yia vea (paivoueva)

YTdpxouv apkeTd olOKeVTpa emimeda oTov avixveuTh. KaBe emimedo
ESumnpeTei diapopeTIKG OKOTIO:
1. Tracking - mpoodiopileTal N TPOXId TWV cwUATIdiWY
2. KaAopileTpo - HETpnon evépyelac owpaTidiwy Kal pwroviwy
3. Tautomoinon owuaTtidiov: &exwpilovTal o1 didpopol TUTO!
TWV cwpaTIdiwy, TovId Ao TTPWTOVIA ATIO KAOVIA, KAT.




ATtwAela eVEPYEIAC YOPTIOHEVWY oWHATIOIWYV

Ortav éva popTiopévo ocwpuaTidio KiveiTal péaa athv UAn aAAnAemidpd HM pe Ta
dpvnTIKA e Kal Toug BeTIkoU¢ TTUpAveC avTaAAdooovTag ewTovid. To amoTéAeaua
auTwy Twv aAA/ogwv yia To opTiopévo cwparidio sivar:

Na xdoel evépyeia,
Na aAAd€ el kaTevBuvon n Tpoxid Tou,
TeAIkd va oTapaTAoe! KAl va amoppopnOei diaviovTtac ocuvoAikd pia amdéaTaon

Tou ovopdleTal didoTnua supéAciag (range).

O1 unxaviopoi 01a TWV oTroiwv XAvel evépyeld To owpdaTidio givai:

AAA/an Coulomb pe Ta e kal TUpAVEG
ATOUIKEC O1EVEPODEIC
Toviopo aropwy

HM akTtivopoAia tédnong (akTivoPpoAcital 6Tav To owparidio emppaduverai o
éva medio Coulomb)

TTupnvikéc AAN/ogIC

AkTivopoAia Cherenkov (6Tav {emepdoel éva katweAl & av Ta UAIKO gival
diapavég)

HM akTivopoAia petdntwong (transition radiation) (akTivopoAcitar 6tav To
owparidio KiveiTal ge UAIKO e aouvexhn OINAEKTPIKA aTaBepd)
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- loXupn NAEKTPOUQAYVNTIKN

oKEDAON IOVIO':J/C') dléyepon || akTivoBoAia || akTivoBoAia | akTIvoBoAia
TEdNONG Cherenkov Transition
(METATTTWONC)
ABPOVIKA AVIXVEUTEG ¥ '
KOAOPIPETPO agpiou, uypoi H, AVIXVEUTEC
| & aTepeoi kpUaT. KaAopiueTpa TRD
Nuclear v o
emulsion AVIXVEUTEC AVIXVEUTEG
Katw@Aiou

¢Bopiouou
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AQOpPTIOTA 2WHaTIOIA

NeTpOvIa

dwTodVIa

AN

NeTpiva

v

BF;

v

KaAOpIUETPO

HM

AVIXVEUTEG kahopiperpa v

2TEPEAG KATAOTAONG V-
QAVIXVEUTEG

OwTOTTOAAATTAQCIOOTES
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KaunUAeg Bragg

T T T I T

8k 90 MeVin
12C
g 195 MeVin |
R h
: 0.7ommm 270 MeVin
330 MeV/in

2.3mm

Smm
L 5.5mm .

1 — _— L'\
1 |

5 10 15 20 25

relative energy loss

depth H,0 [cm]

Tpoxiec amd owparidia a
Ot aviXVEUTA micro-strip aepiou
CF, 6wou karaypdagovrai
pe Tn PponBeia wOopiopov (scintillation)
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‘N'evikOGg TUTTOG’ TTEIPANATOG

Om

Key:

Muon

Electron

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

il

Transverse slice
through CM5

1m 2m 3m
B
L
Electromagnetic
Calorimeter I
Hadron Superconducting HoH
Calorimeter Solenoid
Iron return yoke interspersed 1
with Muon chambers I

Deflection ~ BL2/p = need high B ( s.c.) and large magnets; need high resolution position measurements (10 -100p)
at large p; also energy and position measurement through total absorption (photon, electron, hadron)

20/08/2012
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Acdopueva

o Run Number: 154817, Event Number: 968871

(Q A T LA S Date: 2010-05-09 09:41:40 CEST

‘»‘; M_=89 GeV
A EXPERIMENT

Z»ee candidate in 7 TeV collisions

I8 I 18 ]




Tegnynon/ AvaAuon Twv
AeOOUEVWYV

Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic
Calorimeter

Solenoid magnet
Transition
Radiation
Tracking Tracker )
Pixel/SCT
detector




C Experiments

meter: 25 m
gth: 44 m
ight: 7 kKTonnes
00 M electronic chs

————————

MDT chambers

Tonnes
m3 Gas Volume
m?2 Chamber

A

A Toroidal LHC ApparatuS ATLAS

b

Toroid magnets

Muon chambers

Pixel detector

Solenoid magnet | Transition radiation fracker
Semiconductor fracker

ST VTR ) ) R (Y

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

LAr electiromagnetic calorimeters
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Barrel Inner Detector after Installation






37 countries 167 institutions 2100 scientific authors

N y,
AW
; 3
Argentina Morocco 5.

Armenia Netherlands & ¢ i\h':') /% gF
Australia Norway N ‘
Austria Poland % . ﬁi"m “
Azerbaijan Portugal A > <
Belarus Romania A
Brazil Russia
Canada Serbia
Chile Slovakia
China Slovenia v .
Colombia Spain T
Czech Republic Sweden
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ATLAS

Ilner Detector ( alorime_te

v

TRT: Transition Radiation Detector
SCT: Silicon Central Tracker

TGC: Thin Gap Chamber

RPC: Resistive Pad Chamber
MDT: Monitored Drift Tubes

CSC: Cathode Strip Chamber




ATLAS Trigger & DAQ

Hardware based (FPGA, ASIC)

Calo/Muon (coarse granularity)

g Software (specialised algs)

)

Uses LVL1 Regions of Interest

WA/l sub-dets, full granularity

=

-

Q)Emphasis on early rejection

D Offline-like algorithms

)

£
=
. -

> Possibly seeded by LVL2 result
_J Work with full event

Full calibration/alignment info

Muo

Calo
1

Inner
[

92
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Event Rates

« At beam L=103%* cm-2s-1 will be 20 collisions per bunch crossing

« 40 million bunch crossings per sec

1 billion collisions per bunch

L1 filters down to 100 000 events per sec Reduction factor=400
« L2 filters down to 3 000 events per sec Reduction factor=30
L3 filters down to 200 events per sec = write to tape Reduction factor=15

Possible Physics the first year at Luminosity 103 cm2s-1

Inelastic p-p 108 1015

W= ev 20 108 104 LEP/108 TeV
Z-> ee 2 107 107 LEP

tt 1 107 104 TeV

bb 106 1013 10° Belle/BaBar
Higgs m=120 GeV 0.04 10°

gluinons and squarks 0.0001 103

m=1 TeV
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O (proton - proton)

Early Physics Landscape

Fermilab SSC

1 mb

Tub

E;>003YS

ow-+fv)—___ CDF(pp)

Micp

I

E710
Oot

UA4/5

0)0(

Ujet
E, >025Y8 ———

UA1/2
PP

On
= 200 GeV

T Higgs

m, =500 GeV

|

|

| CEF"I | l L]l'icl

0.001 0.01 01 10 10

Vs TeV

10°

10

10°

108

10

10*em2 sec™

Events / sec for £

Minimum bias (non-diffractive)
cross section ~70 mb

With 100 pb-! “on tape”

« 10° W ev and W= pv
*10°Z> ee and Z> pp
« 10 tt> qqb (e/p)vb

Understanding the detector will be
one major goal with these events

Discoveries will come, we expect
- but only when we understand the
data and the detector properly
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Challenge: Large, distributed community

19.700 m
Muon-Sysytem
Magnet E-cg H-Cal
RICHZ
rrrrrrr
I H ‘ 3-zﬂﬂ““° iy
RICH1 == fabm

w1 MZ a3

Up-Stream Region Down-Stream Region W
I —tt—t—

4] 5 10 15 20



LHC users and participants Istitutes
CCGTheworldwide Gr

A R Y

Europe: 267 institutes, 4603 users
Elseghere: 208 institutes, 1632 users



GRID

To GRID €ival eva npoypappa nou XxpnuatodoTeiTal ano tnv E.E.

>konoc Tou €ival n kataokeun YMNOAOTIZTQN veacg yevidag n onoia 6a €xel
TNV IKAVOTNTA NAPOXNG EVTATIKNG UMOAOYIOTIKNG IGXUOC Kal avaAuaong

EqpapuoyeC via TNV KaBnuepIv NpayuaTtikoTnTda




KaAeoua .......

H emioTnuovikh KoivotnTa €1 MOVODIKEG CUVAPTTAOTIKEG OTIVMEG
AVAKAAUYNS VEWV QAIVOUEVWY PUOIKAS ME TN AsiToupyia Tou MeydAou
Adpovikou Emitaxuvtr) LHC!!

EAtriCoupe 611 TTOAAOI 116 €0AG Ba EPTTVEUOETE OTNV TASN OGS TOUG,

NEAPOYZ MEAAONTIKOYZ ®YZIKOYZ/MHXANIKOYZ!!!,

NMou Ba pag cuvodeUoOUV CE AUTH TNV TTEPITTETEIN TWV VEWV
avakaAupewv!!




