>TOLXELWON ZWHATLOLX

ALXAEEN 22N
MNeTpldov Xap&

Tunua G3: K. Kopddag & X. MNetpidou



Kouapk & AeTITOVLX
Adpovix &
ALXTAPNON KRXVTLKWV XPLOPWV

22/12/2016

MeTpldou Xap& ZTOLXELWON ZWHATLX 2



To OgpeALwdN PepULOVLX KTTO TXK OTTOLK

XTTOTEAELTOL N "YAN: Kou&pk & AETTTOVLX

MeELpRUPATLKA HXPTUPLX DTTXPENC HVO ELOWV BEPEALWOWYV pepULOVIWY,
XwWpLg dopN KL e dL&XOTOON PLKPOTEPN TOUL 10-'8 m (mfm):
Kou&Xpk Kot AETTTOVLX

Kov&pk

*KAXOUXTIKE NAEKTPLKK @opTia { +2/3|e|,-1/3]e|}

‘[TolKIA L &TTO 6 TUVOALKK YeVOELC {u,d, s, c, b, t}

“YTTOKELVTOL O LOXUVPEC XAANNAETTLOPARTELC

& KXOE KOUXPK XVTLOTOLXEL EVX XVTLKOULXPK ME axvTLOETO popTLO
AETTTOVLX

‘Tpla Tevyn AeTrToviwy {e, ve} {H, VU} {T, vT} pe opTic {0, |e| }

‘T OLOETEPX AETITOVLX OVOUXTOVTOL VETPLVX

*SUUHETEXOVV O€ NAEKTPOUXYVNTLKEC & XOOEVELC XAANAETTLOPARTELC
> KXOE AETTTOVLO XVTLOTOLXEL VX XVTLAETTITOVLO PE XVTLOETO popTLO

RSPl I G E OsooaAovikn 22 A&k.2016



T OepeAlwdN PEPULOVLX XTTO TX OTTOLX

XTTOTEAELTOL N "YAN: Kou&pKk & AETTTOVLX

Ol TPELC YEVLEC TWV
OEUEALWOWV TLOTATLKWV:

Kou&pk kot
AETITOVIX(OCWHXTLX "YANG:
PEPULOVLY)

KOL

OL dLXOOTEC TWV OepeNELWOWYV
OLVAXHEWV:

OspeAelwdn MmmoCovix
(CWHAXTLX AUVXHEWV)
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OepeALWON PepuLOvVLa: Koudpk & AeTTTOVLX

matter constituents

FERMIONS <pin = 12, 3/2, 5/2,

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

: Approx. .
Elaver GM?/S/SZ E:qutnC EIBvar M oaae ELectrlc
eV/c charge GeV/c2 charge

Wy v 2/3

) lightest 1 (0-0.13)x10-9 0 0.002

\, neutrino®

€ electron 0.000511 —1 0.005 -1/3
W maciino 1(0.009-0.13)x 109 B o
M) muon 0.106 = 0.1 /3
Vy hearest. | (0.04-0.14)x10-2 173 2/3
LL, tau 1.777 = 4.2 ~1/3 J
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Tx OepeALlwdNn MTTOTOVLX TWV XAANAETTLOPRTEWV

OL OgpeALWdELC ANANAETTLOPAXOELC

Properties of the Interactions

The strengths of the interactions (forces) are shown relative to the strength of the electromagnetic force for two u quarks separated by the specified distances.

Weak Electromagnetic
Interaction In jon ,-“;;'f; on
Property y (Electroweak) P
Acts on: Mass - Energy Flavor Electric Charge Color Charge
Particles experiencing: Al Quarks, Leptons Electrically Charged = Quarks, Gluons
Particles mediating: " ot%ao\ﬂmed) Wt W- z° ¥ Gluons
{016 -4 08
Strength at [ ! t 1 e
Ty o o 1 0
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Tx OepeALlwdNn MTTOTOVLX TWV XAANAETTLOPRTEWV
OL OgpeALWdELC ANANAETTLOPAXOELC

force carriers
BOSONS in-0.1,2, ...
Unified Electroweak spin = 1 Strong (color) spin =1

Mass Electric Name Mass Electric
GeV/c?  charge GeV/c?2 charge

9

gluon

Name

0 0
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T AeTITOVLX 8
« Agv €xouv loxupéc AANNAETTLOP&TELC

- ; * Spin 1/2

* MaxpaTnpolVTOL WC eEAEVOEPX
CWHATIOLX

* Elval onpeLlak& (r < 10-17 cm)
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T AETTTOVLX

o ka0 AettOVIO
VTTAPYEL TO
OVTIAETTOVIO TOV
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Tax OvdéTepax AeTtTovVLIx - NeTplvo

Aev €xouv popTio => Agv €XOUV NAEKTPOUAYVNTIKEC AAANAETILOPACELC

Ta vetpiva elval ‘aplotepootpoda’ =>
To ortiv €xeL SteuBuvon avtiBetn ano to Stavuoua TNG OPRIAG

Ta avti-vetpiva eival ‘6e€lootpoda’ =>
10 o7tV €XeL SLeLBuvVOoN OPOPPOTIN HE TO SLAVUOHA TNG OPUNG

opun opun
° OV > < <

VETPIVO

OVTI-VETPIVO
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T AETTTOVLX

A\EMTOVLIKOC AplOpocg

*Kd&6¢ ‘oikoyévela’ Aetrtoviwv AIATHPEI Ttov avtioToixo Aetrtoviko Ap1Bud

*O AetrToVvIKOG apiBuog AIATHPEITAI TIANTA
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T AETTTOVLX |2

Awatipnon AemtovikoUAplOuou

y—>e +e o> U+,
L.: 0 = (-1) +(+1) L,: 0 = (-1) +(+1)
g e LV u —e +vy

L,: (k1) =0 + 0 +(1) L,: (-1)=0 + 0
Le: 0 =(D+(+1)+ 0 Le: 0= (-1) + O
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ALXOTTXOELC TWV AETTTOVIWYV

Xpovol {wnc W: (2.2 x 10°s) t: (2.9x10%3s)
+ + —

W' =>e’ +v, +v,

W =pe +V,_ +V
T =€ +V_+V_

T = U +V +V,

(Lol TO T UTIAPXOUV Kol SLALCTIAOELC e adpOVLA OTNV TEALK KOTAOTAON.
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ALXOTTXOELC TWV AETTTOVIWYV

T ==U0 +'VM TV_
'—> e +V, +Vv,
¢ ZEKWVAME LLE EVA TOU AETTTOVLO

« KataANyoupuEe o€ €va TOWU-VETPLVO, 2 H-VETPLVO (VETPLVO-
QVTLVETPLVO) Kot 1 NAEKTPOVLO KL EVOL OLVTL-€-VETPLVO

 Timota AEN napofraleta !
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>ovoyn: Kouapk & AETTTOVLX |5

* loyupec aAANAETILOPACELC EXOUV HOVO TOL KOUAPK

* Tat popTIOpEVA AETITOVLA CUUETEXOUV OTLC NAEKTPOLLOYVNTLKEC -
Aoyw Tou $OopPTLOU TOUC- Kal oTLC aoBevelc aAANAemOpaoEeLC

* Ta oudetepa Asmtovia -vetpivo- aAAnAeritdpovv MONO pe aocBeveic
aAANAETILOPAOELC

* Tl KOUOPK CUMMETEXOUV OTLC LOYUPEC, OTLC NAEKTPOLLOYVNTLKEC Kol
oTLC aoBevelc aAANAeTLOPAOELC

(6nA. o€ OAeq)
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