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mSu per-MKpooKOTLo

OL vopoL TNC GUOLKNG OTLC TIPWTEC OTLYUEC
peta tnv MeyaAn Exkpnén.

YupuBiwon petaél cwpatidlaknc GUoLKnG,
a0TPOPUOLKAC,

KOl KOOLOAOYLAC.
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History of the Atom Timeline

Democritus 460 BC
and Dalton 1803 AD

Thomson
1897

Rutherford
1912

Bohr
1913

Modern
Quantum
Cloud Model
post 1930
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Nwc Ba mapovolalape TA LOPLA ;




O neplodLKOC TtivaKac Tou I\/Ievre)\éytscb

AmnTpuin UBaHOBMY
MeHaenées
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In==113 Sa==11
Di==138 Co==140

Omm vu(

Fo=50, Co==59,
Ni==09, Cu=03.

=104, Rh==104,
Pd=106, Ag==108.

=105, Tr==197,
Pta=198, Au==199,
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Mwc Ba mopouvoLlalape TA XNMLKO OTOLXELDL
KOLL TLC XNULKEC EVWOELC;







TL elvall n UAN;

Mua dtapkng avalitnon mov £ekivnoe ano tov AnUoKpLto,
tov Dalton, tov Rutherford kat cuveyiletal HEXPL oUEPQ

electron
<10"%cm

proton
(neutron)

nucleus
~10""%¢cm




To atopo
Dtiae to dko ocou povteAo tou Rutherford
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ENEOS! ONA DET KA TA
BPskele NPeToNIo!

M Me ANAKATEYETE
EMENAL
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Avtwvnc BaBayiavvng - socomic.gr



H Trapartipnon tng Ta¢ng — eTavaAntrTiKkOTNTOG
odnyei oTnV I0€a OTI TA OTOIXEIA Eival PTIAYMEVA
a1Td MIKPOTEPO CUOTATIKA

MpwTtéVvia —veTpOVIa —NAEKTPOVIA

To lNeipaya Tou Rutherford -
BouBapdIouoC ue cwpuaTidla a
o€ QUAQ Xpuoou

OMOIOTNTA JE TO PMIKPOOKOTTIO
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The Rutherford Experiment

Expected Results



Nwc Ba mapovolalape TO ELPOUA TOU
Rutherford Geiger—Marsden experiments

V4
Me tn xpnion 6€ounc laser — neipapa pe laser,
novteho otadpldbopwpouv Thomson,
avakAaon He KaBpeDTEC Kl avixveuon UE KLvNTO




s://'www.voutube.com/watch?v=3eXJoD z9ec




Figure 3. Classroom layout for hidden shape activity.
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Movtelo octadpidboPpwpouv Thomson




MovtéAo Rutherford
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AlaoTACEIC TNG ZWHaTIdIaKNG DUOIKNC

Aopn TnG 'YANG 1m

~1010m







Mati ta Aepe Quark

James Joyce

Three Quarks
ior Muster Mark

Murray Gell-Mann



H otopla tou ovopatoc quark

To 1963 o Apepikavoc duokoc Mapetl N'keA-Mav

(Murray Gell-Mann) mpotelve OTL TOL TPWTOVLA KOl TOL VETPOVLA,

ToL Aeyopeva VoukAeovia, 6ev amoteAoUV TOUG OTOLXELWOELC

SdopLkou¢ AiBouc TnNG UANG, aAAA cuvicTtavTal oo AAAA HKPOTEPA CWHOTIOL,
TOL OTTOL0L OVOLLOLOE KOUALPK.

H ovopaoia autA mMpogpyeTaL Ao TNV TPOTAON

"Three quarks for Muster Mark", n omola cuvavtatot

oto publotopnua “Finnegans Wake” tou IpAavdol cuyypadea kot
riotntn TZenug T{ouc.

To 1969 o 'keA-Mav anéomnaoce 1o Bpafeio Nopmne QuoikAg ya tnv
oUVELODOPA TOU KoL TLC OVAKOAUPELG OXETIKA E TN TAELVOLNON TWV

oTOLXELWO WV owpaTIOlWV Kot TIC AAANAETILOpAOELC TOUC.



[MpwTtovio kat NETpovLo

O nupnvag Tou atopou oxnuatiletal ano duo eldwv cwuatidLa:
TO TIPWTOVLO, UE BeTLKO PopTio, LoO PE QUTO TOU NAEKTPOViOU

TO VETPOVLO, ExeL oxedoV TNV 1dla palo PE To TPWTOVIO A €lvall
NAEKTPLKA OUSETEPO.

To TPWTOVLA KOLL TOL VETPOVLA Mo va dnpouvpynBouv xpetalovtal
amoteAovvtal armo 3 quarks 2 «yevLOELC» Ao quarks.

DoOWn




Ta Quarks




H Cwn, n UAN KAl TO CUUTTAV UTTOPEL VA
neplypadel ano 4 otoxelwdn cwpatidia

—

* Up quark, u | MPWTIOVLA KOL VETPOVLAL
—> TUPNVEG ATONWV

 Down quark, d .

* HAektpoOVLO, € - &ropa

* Netpivo, v =

Ta nAeKTpoviIA KOl TA VETPLVO TOL OVOULAIOUME

B - diaomaon

AENTONIA (eAA. Aenttog)



Ta 6 Quarks

Bottom G .

Strange 0 l
Down c l
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Electric
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KoBiepwpevo Mpotumo

Zta MEPAMATO TTOU Yivovtal (Ko, Omwe

TLOTEVOUME, EMIONG KATA TA TPWTOL . 1.27 GeV 171.2 GeV
devutepoAenta TG Snuoupyiag Tow 24 24 t
ovunavtog), spdavidovrar kot aAAa Y2 Y5
OTOWELWON CWHOTIOLA TIOU EXOUV OHWC charm
EKTIANKTLKEG OUOLOTNTEC LUE TA TEGOEPQ

nou  mpoavadépape kKot mou Oa ' b

ovopdoupe oav 1n yevid. ;:;5

strange

<0.17 MeV <15.5 MeV 91.2 GOV

° Z
Mo KAOE CWHATLO £XOUHE KAl Eval Y2 VIJ Y2 VT 1

’ electron muon tau
AVILIOWMATLO neutrino §§ neutrino §| neutrino

0.511 MeV 105.7 MeV 1.777 GeV 80.4 GeV

Ta avtiowpdtia €xouv idta pala Kot - e 1 1 +1
ovtifeto L Y5 Ya u Y5 T 1

eak

electron muon tau grce




2VYKPOATOVV TO TPWOTOVIN KOl VETPOVIO, GTOV TLPTVOL
2uyKpatovVv T quarks ota TPOTOVIN Kot TOL VETPOVIQL

Avaykdlovv ta avtikeipeva pe palo vo tEQTovy

Awotnpodv ™ yn Kot TOLg TAAVNTEG YOPW OO TOV NAL0

[TIpokaAoVV TNV O146TOCT) TOV PASIEVEPYDV TLPNVAOV
AlpopQOVOLY TNV EVTACT TG NMOKTNG EVEPYELNG

_‘l‘bim o

IYNAETIKO :
IQMATIAIO MAPOYIIA

IEXYPH NYPHNIKH “1 8 TIKAOYONIA ATOMIKOYZX

AYNAMH MYPHNEX

Ol AYNAMEIE THE OYIHX

{AMAZA)
HAEKTPOMATNHTIKH “16 ®QTONIO QISTAKEE:!
AYNAMH {ANAZO) HAEKTPOTEXNIA
AZGENHE MYPHNIKH “ Mznowzfgxl‘A PAAIENEPFO
Lyl AIAZNATH B

AYNAMH

BAPYTHTA

3
8
)

:3
: ; OYPANIA
Y SAOAATA

20YKPATOOV To NAEKTPOVIOL YOP® OO TOV TLPNVO,
EvbBOvovtal yia tig ynuKeg avtiopdcelg
HAektpiopog, ®wg, AxtivoPolria ...



OL Teooeplc OespeAlwdelc ANANAETILOPAOELC
(Auvapelc)

Avvaun Jyetikn loyuc H Baputikn

1 aAAnAsenibpaon eival

100 tpLc-tpLc-tPLg POopEC
HMLKPOTEPN

AoBevr¢ Mupnvikn 107 -6 oo tnv
Baputnta 6X10 A -38 nAekTpopayvnTKA!

loxupn Mupnvikn
HAekTpOpQyVNTIKN 1/137




Baputikec SuvapeLg










Padlevepyoc aktivoPfolia
ue petpntn Geiger — Muller

1. MAnoLa{ou Ue TOV LETPNTH PASLEVEPYELOC OTO CWHA LG EEKLVWVTOC OTTO T
nodLa. Metpadpe moon padlevepyeLa €Xouv ta rtamouTola pa. Mati €xouv
TIEPLOOOTEPN PASLEVEPYELD ;

2. MAnowalou e tov Petpntr o€ Eva dwodoplle poAoL .TL mapATNPOUE;
Ol petpnoelc yivovtal og pSv/h.

https://tinanantsou.blogspot.gr/2011/03/blog-post_9391.html



H avtaAAoyn cwpatdiwv
elvat urtevBuvn yla tn Suvaun

e Acifte T1c 4 BepeAlwdelc SUVAELC TOU ZUUTTIAVTOC
e avtoAAayn owpatidilwy petaéy oac.

 To ocwpatidlo pmopel va elval pio prmaAo mAaoteAivnc.
H oucia eival va SoU e OTL umtapxeL cwWHATLIO0 popEaC TNG
duvapunc






To cwpatidlo popeac tnc aAAnAenidpaonc




Ou doputkot AtBotl tnc UANC
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up charm top

gl

() () (3)

down strange bottom
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Leptons Quarks

electron muon lau

I I 11

The Generations of Matter

43



To KaBiepmpuévo mpotumo e
PUGTKNG

[IpotdOnke amd ToVC
Glashow, Salam and
Weinberg

4

O £keyyog £yve amo
nelpauorto 6to CERN

, , f ' t average measurements,
Anoriutn cvupovio Bewpiog Sy
KOl TEPALUOTOV




KoBiepwpevo Mpotumo

Standard Model

THREE GENERATIONS OF MATTER
IIl  CHARGE:

QUARKS
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KaBiepwpevo MNpoturmo

Standard Model

THREE GENERATIONS OF MATTER
lll CHARCE
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H ovopaoia ov xpnotpornolouv ol puotkol yia tn Bswplo Twv
BepeAlwowv cwpatidiwyv Kat Twv AAANAETLOpACEWV TOUC.

Xtlotnke «metpadaki-merpadak» ta mponyoueva 50-60
xpovia Baollopevn ota nelpapotika dedopeva dladopwv
TELPOUATWY Kol Elvol artodeKT) armo OAouC TouC GUGCLKOUC
wWC OWOoTH.



To Standard Model (to koouiko DNA)



Na to koBiepwpevo mpoturno oto CERN




o e B Quarks

R T Y "
g 8 ". e .
Proton . ‘-‘:._ -
- - “z RTINS 4
@‘ 2 Neutron Ly - . T
| v) ;‘ "7" - @ \- A"";"‘" .-...'/\,' é ;
=9 \ ) B Nucleus &
N , ™
“,&; % -' @
S ! Electron

om

LA
i

Super-MwpookomnLo Q
Molecule

Maner%‘
Ot vopoL tng dUoLKNC
OTLC TIPWTEC OTLYHEC HETA TNV MeyaAn Exkpnén.
JupuBilwon petaéL cwpatidlakng GUOLKNG,
a0TPOPUCLKAC, KOl KOGHOAoyLaG.




Nwg Oa deixvape TNV KALLAKO OTO TTOLOLA;




AlaoTACEIC TNG ZWHaTIdIaKNG DUOIKNC

Aopn TnG 'YANG 1m

~1010m




Aeite pe amAd pHoviEA TIC SLOOTAOELC
™NC Zwpatdtakne Quotknc

A. KpuotaAAikn Soun HeE pakapovio
B. MovteAlo Thomson
[. Aoun mupnva Qe smarties

A. Aoun voukAeoviwv pPe smarties
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Movtela pe smar













Alaypoppa Feynman




KpuotaAAkn SO OTEPEWV




2UYKPOUGCN OCWHATIOLWV
Kot SnuLovpyla Vewv




O nupnvac Tou ATOUoU




Alootaoelg TNC Zwpatdtakne Guoknc

MeyeBog Atopou MeyeBog oe Metpa

-10
10

>ToIXEia
MepiodikoU
>UOTAKATOC

100.000 (‘)

1
100.000.000 \9) e
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Ot Aopkot AiBeL tnG ' YANG ,

Quarks (Gell-Mann) 1964

®
XPQMATA TTpwTévio

To cuyXpovo NePIOdIKO cUCTNHA TWV BeHeAIOWY AiBwV TG UANG

[EYZEIX

Quarks Asntoviu

Ll
]
]
. :
3n yevia @ vynre ! JauN 20
]

................. l----------------

1

1

( 1

1

1

1]

= 1]

1]
. ” ' 'ETPIVO

L) - . .
2y yenid YONTELTIKO ¢ TaPaZeve jovio : Hoviov
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In yevia ave O 1).cxTpivio ' hEKTpOViC

OUV T CWHATIOIa TAG AVTIUANG




KoBlepwpevo MovteNo pe KOPOAMEAEC




N :
i / S

Nopmt yap ypou], vOpmt YAUKD, VOU®L TIKPOV,
‘eteiil 0 ATONO KOl KEVOV

2ouPatikd vVTapyEL TO YPOUA, GLUPBATIKA TO YAVKO
KOl TO TTIKPO, EVM GTNV TPAYUATIKOTNTO VITAPYOVV
LOVO TO OTOLLOL KOl TO KEVO.

XPQMATA

L Anpokprrog 400 7. X.

EY2ZEI2




Ta Baowka eidn aAAnAenibpoonc

Auvapeig AUVdI"F‘.'C
peTa&l palwv "'ETG.EU
(POPTIWV
Auvapeig
HETAEU
nuUpAVWV
Auvapeig
auBopunTNG
diaonaong

TWV NUPHVWV

66
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Ta Baowka eidn aAAnAenibpoonc

Qopstag

sravw oz [ o 3 e 'w é&:ﬁﬁfﬁ“‘m

ZXETIKR
‘Evracn
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Mol Suvaun lval o PEYAAN;




6 GUOLKOL TIPOTELVAY ...

Robert Brout

Francois Englert

Richard Hagen

3
&
W

Tom Kibble




TL TILOTEVOULE ONUEPQ YL TN pHala;

the standard model




O (WOAOYLKOC KNTTOC TWV CWHATLOLWV




Bapuovia peoovia




To Higgs: TLto omoudaio xeL
N \ /

A\ 4

I./

4

Kata to KaBilepwpevo Mpotumo, ta BepeAlwdn cwpatidia,
apxlka, 6ev €xouv pada.

Kwvouvtal, Opwe, pEoa o€ pa Balaooca ocwpatidiwyv Higgs.
Ot aAAnAemidpaoelc Toug pe to Higgs divouv tn pada touc.

YUVeNwC, To Higgs eival pa BgpeAtwdne mpoPAen tng
Bewplac poc.




Na kal pia cuykpouon....




O povocg tumoc rtov Ba doupe




Na Opw¢ Kol N cUYKPOUON TIPWTOVIWV..

2XEON TOU
Einstein

E = mc?
e

LY




Nwc Ba delyvalle tnv ocvuykpouon otov LHC




- ’ —— - —,
2UUTTANPWONKE UE TNV EVPELON TOU
urtoloviou Higgs

™ 7




[Latt €xoupe BApoc;

NeUtwvoc:
To Bapoc slvat avaAoyo tne
pagag

Einstein:
H evepyeLla £XEL OXEON ME TN
uado

Kavevag opwc v e€nyel to
nwc!

H pala e€aptatotl ano to nedio Higgs
Brout-Englert Higgs 1964




To Higgs: TL To aroudatio Exe;
ISTI. |

H aAAnAenidpaon/tpBn pe to nedio Higgs Sivel tn palo og 0o ta
BepeAwdn cwpatidia




O pnxaviopocg Higgs ko to pnolovio Higgs

AkpLPwc peta tn MeyaAn Ekpnén ta cwpoatidia dev eiyav pada.

KaBwc to cupmnoav apxloe va PUXETAL KOL LETA OTTO LA KPLOLUN
T Beppokpaocioc ta cwpatidia ad/oov pe €va medlo, to nmedio
Higgs 1o omolo Bpioketal oe OAo TO cUUTIAV

E€autiac avtnc tng apofaioc aAAnAenidbpaonc ,to cwpatidia, ot
dopeic tnc nAektpaoBevouc aAAnAemtidpaonc kot To purolovio

Higgs amektnoav pala.

Ooo o oAU aAAnAemntibpacav T000 1o BapLa Eywvov.



The Higgs field is like our

field of snovy%




> KEPTELTE OTL KAVETE OKL...

O oKi€p Kiveital ypryopa :
Onmg to couatiown yopic nalo
.Y @OTOVIO ONANOT) TO QMG
Av Kiveloal OUmG Ue TEOAQL,
Kiwveiloo o apya:

OTMC TOL COUATION e HIKpT Hala
I1.y. Ta nAekTpoOvVIa

To LHC yayvel ywo tig O opeipdrng poviidlel 6to
Xtovovipadeg onA. X16vt, kwveitar ToAd apyd.
T0 nmolovio Higgs Onwg ta Bopvtepa couatido




To neblo Higgs yivetal aAgupt

* NMelpapa pe to alevpl Kal Ta cwpatidla

e MeyaAn adpavela peyain pala



To nedlo Higgs yilvetal aAevpl




Davtaotelte Eva MAPTU PUOLKWV...

1
= -JEF

| ) 0:07/049



Xopic To copatiorwo Higgs...

ogv Do v pyov Ta ATOU

— Ta nAexktpovia Oa TV Komavayav Ue TV
TOYVTNTO TOL PMOTOG

— H Con Ba ftav addvatn: ola 0o nTav
paolevepya!

H Ydmapin tov eivon peydin vmobeon!




Elvat oav va PpayveLg eva maywto
oTnNV MopaAia...

NQENAPATEI MAZATO NEAID HIGGS

0 «xevig» x@pog, rovonofondnpoitonedio  Eva owpatidio nou SiaoxiZer outd tav neproxd tou  ..xa1 oAdnAenidpd pe tov ouykevipepévo
Higgs, poidde: pe pnanapaitionou PpiBerond  xidpou pordler pe Evav nilavidio noyutarddnou  naidbxoopo o onolog tov enifpabiver —oav vo
naibid, grave: oy nopodla... €xe1 anoKTroEs «pdlo»,




Mwg Ba to delyvapue auto ota maldla;

ApaoTneLOTNTO OTOV XWPO

Evoc kpatad YAUKA Kol OAOL TPEXOUV TIAVW TOU ,
dev pumopel va KivnOel

Evoc kpata Staywvicpata Bewpntikng GuoLKNcC,
olot e€adavilovtoal Apa KLVELTOL HE HEYAAN EUKOALL
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Searching for the Higgs particle in ATLAS and CMS detectors

Around each of these four cross sections

> » o) 018/1:34




To overpo Tov Einstein 1tov va EVOTOIGEL
TIG Osushcoﬁalg aMnkamﬁpacmg




H wotopla TN EMOTAMNG Hoc Buple

2T0 TEAOC ToU 190U alwva N Baotkn Epeuva ixe LOALC avaKaAU P EL
TO NAEKTPOVLO.

2tnVv enoxn poc dev pumopel kaveic va dtavonbet tn {wn xwpic Tta
NAeKTpOvVLa. AUTA GEPVOUV TOV NAEKTPLOUO OTO OTTLTLAL LLOLC,
uetadEpouv I Pwvn poc HEoa armo ta TNAEDwWVIKA cUpUOTA KoL
oxNUATi{ouV TIC ELKOVEC TTOU BAEMOUUE OTLC 000VEC TWV
TNAEOPACEWV.

Moloc E€pel, Aouov, TL odEAN Ba dEPEL N onpepLv Baoikr Epeuva
oTo avOpwrvo yEvocg ota emopeva 100 xpovia.....

J.J. Thomson

discovered electron in 1897




H totopla TNC PUOLKNC
OTOLXELWOWV CWHATLOLWV

~50% Nobel yia tnv puotkn otoxelwdwv cwpatidiwy...
1921 A. Einstein — pwtonAektplko patvopevo pali pe M.Planck (nobel 1918)
& Compton (nobel 1927)

1922 Neils Bohr — doun tou atopou, KPavtwon evepyslakwy emumedwy pall pe
touc Franck & Hertz (nobel 1925) neipapa

1929 Louis-Victor de Broglie — kupatikni 1dLotTnTa TWV NAEKTPOVIWV.
Melpapa Davisson & Thomson (nobel 1937)

1932 Werner Heisenberg 1933 Erwin Scroedinger & Paul Dirac :
KBawvtikn Oswpia

1936 Carl Anderson — avakaAvn ntolttpoviouv. NMpoBAEDONnke amo tnv
eélowon Dirac. Avakaiun avtitpwtoviouv Segré & Chamberlain (nobel 1959)

1935 James Chadwick — avakdaAvn vetpoviou

1939 Ernest Lawrence - KUkAotpo




lotopla @23 —(2)

1945 Wolfgang Pauli — amayopeutikn apxn. O Pauli mpogPAee kat tnv Umapén
TOU VETpivo.

1948 P.M.S. Blackett avarmntuén touv BaAdapouv vedwv. Emiong Donald Glaser
avarntuén Baiapouv puocaiidwv (nobel 1960) & Georges Charpak avarmntuén
TWV TIOAUGCU PULATLKWV avaAoylkwy Baldpwyv (nobel 1992)

1949 Hideki Yukawa — peoovia. To m-pecovio touv Yukawa avakaAudOnke amno
tov Powell (nobel 1950)

1955 Willis Lamp & Polykarp Kusch — M&tpnon tng Aemtnc upng Tou
vSpoyOVOU Kal TNEC MAYVNTIKAC POTG TOU NAEKTPOVIOU

1957 Chen Ning Yang & Tsung-Dao Lee — mapafiaon tng parity o aoBeveic
aAANAETLOpAOELC.

1961 Robert Hofstadter — ok€daon nAektpoviwv ano nupnveg. Gell-Mann —
gbelée otL N LN TwV adpoviwv gival uTtevBLVN yLa TO LEYAAO apLOUo
neooviwv kat Bapuvoviwv (nobel 1969). Aour Tou voukAgoviou

ano “partons” — Friedman, Kendall & Taylor (nobel 1990).

1965 Feynman, Schwinger & Tomonaga — QED




lotopla @23 — (3)

1976 Burton Richter & Sam Ting — avakaAuyn tou J/Y
1980 James Cronin & Val Fitch — Mapafiaon tng CP ota K

1979 Glashow Salam & Weinberg — Evomoinon nAektpaocBevwv. avakaAvyn
twv Z° kat W+~ - Rubbia & van der Meer (nobel 1984). HAektpaoBevric Bswpia
— QFT ‘t Hooft & Veltman (nobel 1999).

1982 Ken Wilson — Critical phenomena. 2Uvdeon petaél Bewplwv mediovu.

1995 Fred Reines — avakaAuvn tou vetpivo. Avixvevuon Tou P-VETPLVO —
lederman, Schwartz & Steinberger (nobel 1988). TaAavtwoeLg VETPLVO —
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

2013 Higgs Eglert Zwpatidio Higgs
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