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And Touc MLPNVEC...
A X (ny 4H 2H, 3H)

...0TO ZTOLXELWON owHaTLA,
UE MAPATAPNON KoL TELPAUATA
KOOULKNC aKTIVoROAlacC,
POOLEVEPYWV BLAOTIACEWY KAl
okeddoelc ocwpaTLdlwy

Etoy,
EXOLME QTLAEEL TOV TIIVAKO TWVY “OTOLXELDWY CWHATLOIWY".
K&tL oav tov epodikd nivaka tov Medeleyev. 1600 -

K. Kopddc 2ToIXEIWON 2wuaTia & Nouoil Aiathpnonc 2



OAa padi - n Bewpla poc yla To
OOULKA/BaCIKA OLOTOTIKA TNC DANC KO TIWG
ALVTA AAANAETILOPOLUY HETAED TOULC:

“To KaBiepwpévo MNMpotTumo”

depLOVLIA

ZWHaTidla DANG

K&Be katnyopla o€ 3 OLKOYEVELEC

6 Aentévia

6 KOLApPK

e (1)t
v, | v, ]y,

O

Mmtolovia

ALadOTEC/POPEIC TWV OLVAMEWVY 3 BUVAMELC

dwTtdvLo

HAEKTpOHOYVNTL
KN

3 “AcBevry” Mnolévia (Weak Bosons) 8 NkAovdvia

Mmnolévio Higgs @ “Indel” tnv HAekTpaoBev Zuupetpla

(BEH)

Alvel padla 0T OTOLYXELWON

CWHATiOLx
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Kovapk & yevoelc (quarks & flavors)

®oprTio (Q) Bapuovikdg  AvrioToixog ApiBudg
Ap1Buocg (B) “yeuonc” (id1o
TPOONUO UE TO
POPTIO)

Koudpk
(N N\

v v v 173 +1/3 1

" H Gedtepn oikoyeveld (C, S) EVAL -, g,y o7 T KOUGIPKS EPXOVTaI OF
avTiypago e Tpwing (u, d), 6 “yevoeig”: up, down, strange, KATT.
. aAAGPE TTIO BapId KOUAPK * AvTi va Aéw 6T1 éxw éva charm Koudpk
K’a ' N TPITN OlKOYEVElQ (t.b) . MTTOPW VA AEw OTI EXW €V KOUAPK ME
eival emiong avTiypago TNG TPWTNG  «yeiion charm” kai “charmness” = +1
ME aKOpa BapUTEPA KOUAPK = Ayt v Aéw 6T1 éxw €va strange KouGpK
c=charm quark= YONTEUTIKO™ KOUAPK 0y v Aéw OT1 EXw £Val KOUGOK €
s=strange quark="mmapdagevo” Kouapk “yeUon strange” Kai “strangeness” = -
t= top quark , b = bottom quark
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Kovdpk & KBavTikol aplOuotl Touc

MmopPo0V V& CUUMETEYOUY OE OAEC TIC AAAAAETILOPATELC
(loxvpec, AcBeveic Kot HAEKTpOMayvnTLKEC)

KBavTikol B Q| S| C | B | T
Apl_e“o( u +1/3 | +2/3| O 0 0 0

; d |+1/3|-1/3] o | o | o | o

TWV KOLAPK s |+1/3]-1/73] -1 | o | o | o
KoL c +1/3 (+2/3| O +1 0 0

b |+1/3|-1/3] o | o | -1 | o

TWV t+ |+1/3|+2/3] 0 | o | o | «
aVTLKOLAPK 5T Ql s c 8T
((X\)T(GETE(; u |-1/3|-2/3| O 0 0 0
. d |-173|+1/3] o | o | 0o | o©
TLHEG OTOPC s |-1/3|+1/73] «1 | o | o | o
KBavTIKOUG c |-1/3|-2723] o | 1 | o | o
apLBonC Toug) b |-1/3]+1/3] 0 | 0 | «1 | ©
¥ |-1/3]-2/3] o | o | o | -1
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AETITOVLA: £XOLVY AETITOVIKOUC KBOVTLKOLC
apLOuoiC (6ev £youv “Bapvovikd” aplbud)

®oprTio (Q) Bapuovikdg AvTioTOIOC
, Ap1Buoc (B) NETTTOVIKOG
AeTTTOVIA ApIBLOC

[\ N\ /N
I N
A

NAeTITOVLIA: KGO: OlKOYEVELa (NAEKTPOVIOL, HLoviov, Kol Tav) €XEL BLKO TNC
AETITOVLKO aplOud, ov dratnpeital aveEdptTnTta and Touc AAAOLC:
— AETTOVLKOG apLBuoOG Tov nAektpoviov (e, v,) = Le
— AEMTOVLKOG aplBudG Tou poviov (K, v,) = Lp
— AETMTOVLKOG apLOuog tov taw (T, v,) = LT

* Enionc euokd navta ditnpeital To poptio = Q
KaOe AemtTOVIO £XEL AVTIOTOLYO AETITOVIKO aplOuo =1
Ta avTL-AETTOVLIA £€XOUV AEMTOVIKO aplOpo = -1 « NMPOZOXH
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AETTTOVLIO

AEN OLMMETEYOLV OTLC loxuvpEC AAAAAETILOPATELC
(“aroBavovtal” povo tic AoBevelc kal HAeKTpoMayvnTLKEC)

AEMTOVIKOC ApPLOUOC

h Vv, y- v, T V,
L, | «1 | «1 | O | O | O | O
L, 0 0 +]1 +1 0 0
L. 0 0 0 0 +1 +1

et | V. | ¥ v, | T |V
L, | -1 | 1| 0| 0| 0] O
L, | 0| O | -1]-1| 0|0
L. | 0| 0| 0| 0] 1| 1

*Kd&be ‘owcoyévewn’ Aemtoviov AITATHPEI tov avtiotoryo Aentovikd AplOuo

*O Aentovikog apOuoc ATATHPEITAI ITANTA
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Kovdpk Kol AemtToOvLO

®oprio (Q) Bapuovikog AvTioTol0C
Ap1Buoc (B) ApIBuOC
Koudpk “yeuong’

[\ N\ "\

-1/3 +1/3 -1
NETTTOVIKOG ApIOUOC = 0 yiId OAa T KOUAPK

Bapuovikdc ApiBuoc = 0 yid 6Aa Ta Aetrtovia

doprio (Q) Bapuovikég AVTIOTOI0G
AetrTovia ApIBuog (B)  AeTrTOVIKOG
ApIBuOC
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Opwe dev MOPATNPOVHE EAEVBEPA TA “YUHVAE”
KOUOPK - 2WHOTIBLa Mov nmapatnPEOLUE 0TN POON

*AsTtTOVIA (T1.X., TO NAEKTPSVLO)

- onUELoKA - dev €xovv doun
— Ka&Be olkoyevela €xeL TOV OLKO TNC AETTOVLKO apLlOud

*Adpobvia (.., TO TPWTAVLO)
- OTIayuEVa amnd KOVApPK (Ta KOLApPK Oev Ta BAETOLUE
eAEVBEPA - HOVO PEOQ OE adPOVLA)

* Bapuoévia - cuvdvaouol 3 Kovapk

- .Y, T “VOUKAEOVLA”:
npwTtovio p=uud, veTtpdvio n=udd

- Exouv Bapuvovikd aptbud B=1

* Megdvla - ouvdLACHOL KOLAPK UE OVTL-KOLAPK
- LY. Tovwa: Ttt=ud, D'=cd, m° = uukat dd

— Exouv Bapuvovikd aptBud B=0
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Ot véol KBavTikol aplOpol Kal oL vEoL Vool

SLatAPNONC AVAKAALPONKOV ATIO TIOPATNPNOELC
‘AETTTOVLA

- ONUELOKA - dev €xouv doun
— K&Be olkoyEvela €xeL TOV dLKO TNC AETTTOVIKO apLlBud

(AEMITOVLKOC aplOpOC NAEKTPOVIOU, AEMTOVLKOC
APLOUOC pLoviov, AEMTOVIKOC aplBudC Tav).

— T.YX., OlAOTIAON HLOVIOL & NAEKTPOVLO, éva
QAVTLVETPLVO NAEKTPOVIOL KAl £V VETPOMLOVIOL

E'AbpovLa
- OTiaypéEva amd KOLAPK (Ta KOLAPK OEV Ta BAETOVUE
eAELBEPA - HOVO PHEOQ OE 0OPOVLL)
* Bapuvovia - guvdvaouol 3 Kovapk
- .X, p=uud, n=udd
- 'Exouv Bapuovikd aplbud B=1 _

* TI.X Si1domaon VETPOVIOL O TPWTOVIO HE EKTIOMUTIN
NAEKTPOVIOU KOl AVTIVETPIVO TOU NAEKTPOVIOL

O, 11 €xoupe TTaPATNPACEL, CERETAI KOI QUTOUC

TOUG VEOUG VOUOUG dIaTtAPNoNG
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NEol KBavTikol aptBuol Kot vouol dlatripnong :
Aentovikol aptOuoi (1)

NAETTTOVLA: KGO¢ olkoyEvela (nNAekTpoviov, poviov, Kat Tow) €xeL dikd
TNC NAEMTOVIKO aplOud, mov dratnpeital aveEdptnTa and TovC GAAOULC:

— AETITOVLKOG apLBuoG Tov nAektpoviov (e, v,) = Le
— AEMTOVLKOG aplOUdG Tou poviov (M, v,) = Lp
— AETTOVLKOG aptBudg touv taw (T, v,) = LT
* Enilonc guokd navta ditnpeitat to poptio = Q
Kafe AetTOVIO £XEL AVTIOTOLYO AEMTOVIKO aplOpué =1

Ta AVTL-AETTTOVLA £XOULV AEMMTOVIKO apPlOuo = -1 « NMPOZOXH
M.x, BAEMOLHE OTL N akOAoLON “dldonaon” TOL PLoviov ) N7
H=>ev,v,

ylveTat:

KBavTik6g  HIOvIO —~  NAEKTPOVIO AVTIVETPIVO TOU Netpivo Tou
apIBUOC NAEKTPOVIOU HIoviov

Q -1 = -1 0 0

Le 0) = 1 -1 0

Lu 1 = 0 0 1

LT 0) = 0 0 0
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NEol KBavTikol aplBuol Kal vopol diatnpnong :
Aemnttovikol aptBuol (2)

NAETTTOVLA: KGO¢ olkoyEvela (nNAekTpoviov, poviov, Kat Tow) €xeL dikd
TNC NAEMTOVIKO aplOud, mov dratnpeital aveEdptnTa and TovC GAAOULC:

K&Be Aemtdvio €xeL avTiOTOLXO AEMTOVIKO aplOud =1,
Ta avTL-AETTOVLIA £€XOUV AETTTOVLKO aplOpd = -1 « NMPOZOXH
M.x, BAEMOvpE OTL N akOAoLON “dldomaon” TOv AvTL-pLoviov yiveTal:

+ N + _
H2ev,v

KBavTikéG  OETIKO -  [loditpovio NETpivo TOU  AVTIVETPIV

apPIBUOC MIGVIOo (="aVTINAEKTPOVIO”)  NAEKTPOVIOL O TOU
(="avtl- MIoviov
MIOVIO”)

Q +1 =R 0 0

Le 0 = -1 1 0

Ly -1 = 0 0 -1

Lt 0 = 0 0 0
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NEol KBavTikol aplBuol Kal vopol dtatnpnong :
Aemnttovikol aptBpol (3)

Av n avTidpaon pag o€petar ONOYZ Toug vououg diaTtrpnong , TOTE yiveral
Av opwg TTapaBialel E0Tw Kal Evav, Ogv NTTOPEI va Yivel!

M.x : BAEMOLPE OTL N akOAovBNn “Oldomnacn” tov poviov AEN yiveTal:

Hey

KBavTikoc LIOVIO —  NAEKTIPOVIO DWTOVIO ATIOTEAECHA
(o{e][S]V]o]q

Q -1 = -1 0 Alatnpeital: OK
Le 0) = 1 0) AEN Alotnpeital: X
Lu 1 = 0 AEN Alatnpeitat; X
LT 0) = 0 0 Alatnpeital; OK

H Trapatrdvw avtidpaon AEN diatnpei oUTe TOV AETTTOVIKO apIOuUO Tou
NAETPOViIOU, OUTE TOV AETTTOVIKO apIBud Tou pioviou: otrdte AEN yiveral
Kai ovtwe AEN tnv £€xouue TTapartnpnoel otn euon.
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NEol KBavTikol aplBuol Kal vopol diatnpnong :

Bapuovlkdc aplOuoc (1)

- Abpovia:

* Bapuvdvia - ouvdvaopol 3 Kovdpk . m.x: p=uud, n=udd

- 'Exouv Bapuvovikéd aplbudé B=1

« KadBe KOuGpK AEuE OTL £XEL BapLOVIKO aplBudé B = + 1/3
« KaBe avtl-KovapK £xeL Tov avtibeTo, dnAadi: B = -1/3

* Ta Aemtovia dev €xouvv Bapvovikd aplBud, OTWC Kal TA KOLAPK
Sev €xouv AEMTOVIKS apLlOuod

‘X d=due v,

KBavtikég d — U KOUAPK NAEKTPOVIO QVTIVETPIVO TOU
apIBuog KOUAPK NAEKTPOVIOU

Q 0 = +1 -1 0

Le 0 = 0 1 -1

Ly 0 = 0 0 0

Lt 0 = 0 0 0

B 1/3 = 1/3 0) 0
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NEol KBavTikol aplBuol Kal vopol diatnpnong :
Bapuovikdc apltOuoc (2)

- Abpovia:

* Bapuvdvia - ouvdvaopol 3 Kovdpk . m.x: p=uud, n=udd
- 'Exouv Bapuvovikéd aplbudé B=1

« KadBe KOuGpK AEuE OTL £XEL BapLOVIKO aplBudé B = + 1/3

« KaBe avtl-KovapK £xeL Tov avtibeTo, dnAadi: B = -1/3

* Ta Aemtovia dev €xouvv Bapvovikd aplBud, OTWC Kal TA KOLAPK

Sev €xouv AEMTOVIKS apLlOuod

"X n=>pev,

KBavTikdg  verpovi -

apIBuOC 0
Q 0
Le 0
Ly 0)
Lt 0

1

B
TK. Kopdac

2.TOIXEIWON

p=uud

n=udd

TIPWTOVI  NAEKTPOVIO

QVIVETPIVO TOU

0 NAEKTPOVIOU
+1 -1 0
0 1 -1
0 0 0
0 0 0
1 0 0
2WuaTia & Nouol Alatnpnonc 15



NEol KBavTikol aplBuol Kal vopol diatnpnong :

Bapuvovikdc aptOuoc (3)

¢ A6povux'

.ny N> pe
KBavTikog  AvTl-
APIONOC VETPOVIO
Q 0
Le 0
Ly 0
Lt 0
B -1

R Kopddc

Baguovla

ouvvdvaopoil 3 KOLAPK .

- 'Exouv Bapuvovikéd aplbudé B=1

1%

e

—

AVTI- ' TTIO{ITPOVIO
TIPWTOVIO

-1 1

0 -1

0 0

0 0

-1 0

2ToIXEIWON 2wuaTia & Nouoil Aiathpnonc

m.X: p=uud, n=udd

« KadBe KOuGpK AEuE OTL £XEL BapLOVIKO aplBudé B = + 1/3
« KaBe avtl-KovapK £xeL Tov avtibeTo, dnAadi: B = -1/3
* AvTifapuodvia : ouvdvaopol 3 AVTIKOLAPK, T.X. D=1 ud . n

VETPIVO TOU
NAEKTPOVIOL

0

o O O Bk

16

=udd



NEol KBavTikol aplBuol Kal vopol dtatnpnong :
Bapuvovikdc aplOuoc (4)

Av n avTidpaon pag o€petar ONOYZ Toug vououg diaTtrpnong , TOTE yiveral
Av opwg TTapaBialel E0Tw Kal Evav, Ogv NTTOPEI va Yivel!

M.x : BAEMOLPE OTL N akdAovBNn “Oldomnacn” tov vetpoviov AEN yiveTal:
+ -
n-—>e e
KBavTIKOC  VETPOVIO —  TIOJTPOVIO NAEKTPOVIO  ATIOTEAECUO
o{o][S]V]o]q

Q 0 = -1 Alotnpeital; OK
Le 0) = -1 1 Alotnpeitar: OK
Lu 0 = 0 0 Alotnpeital: OK

LT 0 = 0 0 Alatnpeital: OK
B 1 0 0 AEN diatnpeital: X

H Trapatrdvw avtidpaon AEN diatnpei To Bapuovikd apiBud, otrdte AEN yiveTal
Kai ovtwe AEN tnv £€xouue TTaparnpnioel otn euon.
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AuTtd @Tavouv yia To KoppaTi TnG NMupnvikng

@a Ta OOUME TTAAI KOl EKTEVECTEPQ OTA TTPWTA PJaBuATA
YIQ TQ 2TOIXEIWON ZWMATIA.

OT1rwcg Kal va €XEl, OTIGC ETTOMEVEC OIAPAVEIEC
0ac OiVOUUE KATTOIEGC AOKNOEIC YIA TTPAKTIKN,
TToU Oa TIC OOUNE AVAAUTIKA OTA ZTOIXEIWON
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Aoknon 1

[Towd ivort To GLOTATIKA KOVAPK TOV TOPAKATO AOPOVIKV?

Av 10 adpobvio gival cuvOUaCo oS TTEPICCOTEPWY Tou £vO¢ (eUyoucg g q va
dwOouv 6Aa Ta {euyn

BARYONS | Strangenes | Charm
5

n 0 0
p 0 0
AT 0 0
z'llD = 0
Q- -3 0
MESONS .

- 2.uvduaopoi u kar d
T 0 0 )
i 0 0 (evvoeital Kal Twv
o 0 0 QVTI-KOUAPK TOUG)
n'"” 0 0 <«—— Yuvduapoi u, d KaI s
K* +1 0
K- -1 0
K° -1 0
D 0 -l
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Aoxnon 1 - Avon

[Towd ivort To GLOTATIKA KOVAPK TOV TOPAKATO AOPOVIKV?

Av 1O adpOVvIO gival CUVOUAOUOG TTEPIOCOTEPWY TOU £VOG (EUYOUCG Q g va

dwOouv 6Aa Ta {euyn

2 NuEiwon: ol KBavTikoi aplOuoi

“stangness/mrapacevid” kal “charmness/xapn”
£XOUV TO TTPOCNMO TOU (POPTIOU TOU AVTIOTOIXOU

KOUQPK.

[1.x., T0 s €xel poprTio -1/3 , apa: strangness=-1

TO C £X€l popTio +2/3 , apa: charmness=+1

n=udd,p=uud,A” =uuu

A’=sdu,Q =sss

0D
T =ud

T’ = yPAPPIKOS GUVSLAOHOC TV Ul kot d d

(Znueiwon: eppavidetarl €ite we u T eite we dd )

p’={ut, dd} (CANOTIKOC ypayL. GLVS.)

BARYONS | Strangenes | Charm
S
n 0 0
P 0 0
A" 0 0
N -1 0
Q- -3 0
MESONS
T 0 0
7’ 0 0
o 0 0
r?’c' 0 0
K" +1 0
K -1 0
K -1 0
D 0 -l

n={uti,dd,ss} (YpapHIKOS GLVSLATHOC)

K'=us,K =is,K’=sd,K’=sd,D'=cd

K. Kopddc
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Aoknon 2

[To1€c amod TS TOUPUKAT® AVTIOPAGELS/ OUGTAGELS YivovTol?
AvTéC oL Ogv YivoTal, Toldv vouo otatrpnong napapralovv?

ut — et 4
e” = Ve + 7
p+p—=p+ Xt + K-

AivovTtal ol aleg TwV CWHATIOIWYV

M(y) =0
v)—M(v)—

&') = Me") = 0.511 MeV
) = M(T) = 139.6 MeV

M(
(e
(m
w
(
(
(
(
(K

M
M
p— et +u, M(T°) = 135 MeV
N ' M(p*) = M(p) = 105.7 MeV
p—el +nte M(p) = 938.3 MeV
n—}-p—|—g_—|_ﬂ'€_ Mn)=9396MeV
M(Z*) = 1189.4 MeV
M

- - )
T R TV ") = M(K) = 493.7 MeV

g AivovTail:
2 =uus,K =us
2nMuelwon:

* 2 TN OLACTIAO0T EVOC OCWHATLOIOU EAEYXOUNE TN dLaTNPENON TNG EVEPYELAG
* Otav ouwg €xouphe okedAoN OUO CwHATLOIWY UTTIOBETOUE OTL N

ApPXLKN evepyela (TIou TIEpLAAPBAVEL TNV KLVNTLKNA EVEPYELQ)

urtopel mavta va yivel elval apKeTn yla va TLTPENETAL N avTidpaon

‘ K. Kopddc 2ToIXEIWON 2wuaTia & Nouoil Aiathpnonc 21



Aocknon 2 - Avon
[TotEg amd T1¢ TopaKdT® AVTIOPAGELS/dUCTACELS YivovTon?
AvTéC OV Ogv YivoTal, Toldv vouo otatrpnong napapralovv?

o — et 1. Alatiipnon AeTTTovikoU apiBuou
e- — Ve + 7 2. Ailathpnon @opTiou
p+p—=p+XT + K~ 3. Alamipnon opTiou
p—=e +u, 4. Niatapnon Bapuovikou apiBuou
p—et +n+ur, 5. AlatApnon evépyeiag
n—pt+e +rv, 6. EmiTpéTeTal
T = ut +u, 7. Emtpémeral

Balw o€ trivaka TIg doptio BapuOVIKOG  AETITOVIKOG  EVépyela

1TOO'OTI’]"[£§/ KBGVTIKOUQ’ 1 OK OK X

ap1BuoUg TTou diaTneouvTal

TTAVTA, O OAEC TIC 2 X

AAANAETTIOPACEIC. 3 X

MpwTta Balw Ta MO EUKOAQ

va eAyx0Oouv kal oTapaTaw 4 OK X

UE TO TTPWTO TTOU 5 OK OK OK X

TTapapialerai!
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Aocxnon 3
O mopakdTo doTAcELS oV Yivovtat. ['ati? (motdv vouo ototrpnomng
ropoPrédlovv?)

AivovTal ol ualec TwV CWHATIOIWV

B M(y) =0
n—p+e M(v,) =M(v ) =0
N B M(e") = Me’) = 0.511 MeV

n—m" +e M(11%) = M(11) = 139.6 MeV
M(11°) = 135 MeV

n—p+m M(u") = M(p) = 105.7 MeV
M(p) = 938.3 MeV

n—p+y M(n) = 939.6 MeV

M(Z*) = 1189.4 MeV
M(K') = M(K) = 493.7 MeV
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Aockmon 3 - Avon

O mopakdTo doTAcELS oV Yivovtat. ['ati? (motdv vouo ototrpnomng

rmopaPialovv?)
n—p+e 1. Alatipnon AETTTOVIKOU aplOuouU Kal OTPOPOPHNAG
n—rt+e” 2. Alatipnon Bapuovikou Kal AETTTOVIKOU aplBuou
n—p+m 3. Alatripnon evépyeiag
n—pty 4. Niatpnon gopriou
Badw o€ ivaka Tig doptio Bapuovikdg  AeTToviKOG  Evépyela
TTOOOTNTEC / KBAVTIKOUG
apiBuouc Trou diatnpouvTal 1 OK OK X
TTAVTA, O OAEC TIC
AAANAETTIOPACEIC. 2 OK X X
MpwTta Balw Ta MO EUKOAQ 3 OK OK OK X

va eAyx0Oouv kal oTapaTaw
ME TO TTPWITO TTOU 4 X
TTapapialerai!

‘ K. Kopddc 2ToIXEIWON 2wuaTia & Nouoil Aiathpnonc 24
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