>TOLXELWON ZWUATLOLX

ALXAEEN 25N
MNeTpldov Xaxp&



Nopotl Atatnpnonc KBavtikwyv AplBpwv

ApXxEc AvaAholwTou (1) 2

¢ SJUUUETPLO N XVOAAOLWTO TWV EELOWOTEWYV TTOU
TTEPLYPXPOULV OCUOTNUX CWHUXTLOLWYV KATW XTTO
HETXOXNUOXTLOMOUC =>

VTTXPXOULV HETXOXNHUXKTLOHOL TTOU X(PVOULV TO
OUOTNHX XVXAAOLWTO

e Mop&OELYMO: usTaTonwn KXl N OTPOWPNn OTO xwpo
=> XVTLOTOLXOUV Ol voum dLXTAPNONC THC OPHUNC

KXL TG OTPOPOPUNG

e Ol HETROXNUATLOMOL UTTOPEL VO ELVOL OLVEXELC 1
OLXKpLTOL

Ol ZuppeTplec koLt ot NOpoL AXTAPNONC elvat N
“POXOKOKKOALX” 0T PLOLKI ZTOLXELOWYV ZWHATLOLWV
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Nopotl Atatnpnonc KBavtikwyv AplBpwv

ApXxéc AvaAholwTou (1) 3

AV EVOC TEANEOTNC OIVTLUETOTLOETOL HE TNV XXUIATOVLX VI TOU
OUOTNMXTOC N XVXUEVOPEVN TLUN TOL ELVAL
OLXTNPNOLHOC KPXVTLKOC XpLOMOC
* [DLOTNTEC TWV TEAEOTWV:

— MovadLxLoC TEAECTNC:

U'U=1=U-U"

~

— 2uCuYNG: A = A*
— AvtoouTuync N EppLtiavoc: A=A"
A-AT=1=A"-A
— o AvTloTpowoc EpuLtiavoo: = AT A" = A= unitary

-1 -1
— 0 AvTLOTPOWOC TEAEOTNC: A-A"=1=A""-A
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Nopotl Atatnpnonc KBavtikwyv AplBpwv

Apxéc AvoaotwTou (l11) 4

AV EVOC TEAEOTNC OVTLUETHTLOETOL HE TNV
XOMLATOVLVI] TOU OUOTHMOTOC N
XVOUEVOUEVN TLUN TOUL £lval
OLXTNPNOLHOC KPXVTLKOC XpLOHOC

Av Q Eppttiavoc TeheoTne => MpoXYPXTLK XVXUEVOPEVN TLUN

* Q xvaXxANoilwTo peyebog => AIATHPEITAI =>

[ QH]=0 => ANTIMETATIOETAI pe Thv
XOXUIATOVLVH
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O TeAeoTNC TNC METATOTILONC KXL N

Awxtrnpnon Tng Opung 5

e H HETXTOTTLON £lVAL EVXC TLVEXNC METROXNUXTLOMOC

W (r 4 ) = W(r) 4 - )y (1 " 5ri)1p(r) - DW(r)
or or
D=(1+6ri)
or
« D £lvOiL O TEAECTNC TNC KXTTELPOOTAC XWPLKAC HETATOTTILONC
e O TEAEOTAC TNC OPUNC ELVAL: _ _ih 0
G TNG 0puNG p=—-ih?/

* MlX TTETTEPAOHUEVN HETATOTILON Ar VAL Pl 6XKOAOLO LK
XTTELPOOTWYV HETATOTILOEWV (Ar = ndr)

 ETTopévwg : Dﬂiﬂi(“%pé”) =exp( %pA”) &po D povadilaioc:
D*D=D-'D=1 => O TeEAEOTNC TNC OPHUNC ELVAL O ‘YEVATOPXC’ TOU
HETXOXNHUATLOHOU TWV HETATOTTLOEWV KO&L AN OVTLHETHTLOETOL
ue TNV XaptAtoviavn [D,H]=0 => [p,H]=0 => O TeAeOTAC TNC
OPHNC XVTLHETOTLOETOL pe H => p elvoet AIATHPHZIMO péyeOocg
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O TeAEOTNC TNC ZTPOWPNC KAL N AlxTpnon

TNG 2TPOYOPUNG 6
* H oTpopn elval eTTloNg EVAC CLUVEXNG METROXNURTLOHUOC;
- W+ 89) = W)+ 39 P -(1+6¢ )W RY()

J9 9

)
R = 1+6¢%

)

« O TE)\EO‘TI‘ C TNC OTPOWPNC TTEPL TOV XEOVX Z: —
R, = (r X p)Z
R =1+ —]Zéq)
L J, =—ih(xi—yi)

Ag = nog dy = ox

R = lim(l + %Jzéq)) = exp( w %]ZAgb)

« ALXTN pPNON TNG GTpocpopung TTEPL £V XEOVX z TIPOKUTITEL ME
TNV OXE0N XVTLIMETROEONC TOL TENEOTN |, e TNV H: [],,H]=0
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> UVEXELC HETXOXNUXTLOHOL

*‘OTOV OL HETXOXNUOKTLOHOL ElVaXL oLVEXELC
oL KBovTLkoL axpLlBpol TTou dLXTNPOUVTHL
TTpoOTLOEVTAL:

Ol VOHOL dLXTNPNONCG ELVXL TTPOOOETLKOL
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ALokpLTOL METXOXNUXTLOMOL

e MPXYUXTOTTIOLOOVTOL PE OLOKPLTO BAHOTH TT.X. XWPLKA XVXKAXON
WC TTPOC TNV &PXN TWV XEOVWV:

OpoTLia (parity)

ElvaiL 0 TEAEOTNC P TTOL TIPOKOXAEL TNV XWPLKA XVXOTPOWH TWV
OUVTETXYHEVWV ( X, ¥,Z = -X, -y, -2):

PY(r) = W(-r) => PY¥(-r) = P2¥( r)=1=> OL LOLOTLMEC TOL TEAEOTN P elval
+1, -1.

e Ml KUUXTOOULVXPTNON UTTOPEL VX PNV EXEL CUYKEKPLUEVN TLUN
OMOTLULXC

e H opoTipia drotnpeitot MONO OTLC LOXUPEC KOL TLC
NAEKTPOUXYVNTLKEC XAANNAETTLOp&TELC. OX| 0TI oxaBevelc: [PH]+0

« H XWpPLKA GvaOTpOPN 7 — —FELVAL LOODVUVXMN HIE :
r|—|r[,0 =t -0, =7+ ¢ = PF) = x(rDY," (0,¢)
W(-7) = x(rDY," (- 0,5t + ¢) = x(|r)- (=D - ¥,"(6,¢)
= PW(r) =(-1'-¥F)
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ALokpLTOL METXOXNUXTLOMOL

¢ OLVOHOL dLATAPNONC ELVOL TTOAANXTTAXOLXOTLKOL OTOUC dLXKPLTOUC

HETXOXNUAXTLOPOUG
* HopoTulx ELVO(L Tro>\>\0(1'r>\0(cn0(0'ru<oc_, KBOXVTLKOC O(pteuoc_,—> n ouonuta EVOC
GUVGETOU OUOTAMATOC ELVOL TO YLVOHEVO TWV OMOTLULWY TWV ETTLHEPOLC

OTOLXELWYV TOUL : AV P = P©aPpPy... => PY = P PpgPp. ...

 H“ecowTepLKN” OMOTLULX TOU TI'LOVLOU ATTIO TnV o<>\}\n>\em6p0(crn TOU 1TLOVLOU UE
TO 6£UTepLo m +d -> n+n unopouue VX XTTOOELEOVHE OTL TO TTLOVLO £XEL
TTEPLTTN “E0WTEPLKN” OHOTLHULK

T :s=0,d :s=1=>S_,,=I; L;;,g=0=>] .y = |

=>] . =I,(] AIATHPEITAI)
=1.L, =1,S . =0 A& TOTE ¥ _, OULPUETPLKN (Y oy ELVOL XVTLOUPHETPLKN)
=2.L, =0,S ., =1V, emmiong ouppetpikn (V.o ElvaiL CUPUETPLKN)
=3.L, =1,S.,. =l ¥ . GVTL-OUPUETPLKN (TRUTOONHX (PEPULOVLX)
=4 Lyen =2, Spin =1 ¥,y GUPHETPLKN

=ATT00EKTN ELlVXL PHOVO N TTEPLTTITWON 3.
=> P(11,d)=(-1)™IP(TT)P(d)=(- ) "*"P(n)P(n), P(d) = P(n)P(p) = +1 => P(TT) = -I
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OUOTLULX ZWHUXTIWY KOXL AVTLIOWHXTLWYV

* H Bewpla Dirac TIpOPBAETTEL XVTLOETEC OPOTLULEC YLK
(PEPULOVLX KOL XVTLPEPULOVLX

* H ecwTepLKN OPOTLHLX TEVYOUC (PEPULOVLOVU -
XVTLPEPULOVIOU ElvaL: (-) eTTLREPLWBNKE KL
TTELPXUATLKK (OTTWC KL OTNV TTEPLTTTWON TOU
TTLOVLOUL) TT.X. OTNV XVTLOpaON:

p+p—=>p+p+(p(bar)tp)

* AVTIOeTOr N E0WTEPLKN OpOTLULX pTToCOViou
TXUTLCETAL ME TNV ECWTEPLKN OHOTLULX TOU
xvTLUTTOCOVIOU TOU.
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AvoANolwTo 2uCuylac dopTiov

* O TE)\EO‘Tﬁg ouCuyloc cpopT(ou 00\)\6(?;&L TO TTPOCNHO TOU
(POPTLOL KL TNC uo<yvr]Tu<r]g POTINC TOU quaTLSLou =>
XVTOAAXYN TOU CWHOTLOU PE TO XVTLOWHATLO TOU.

e SUMPBOALCeTOL pE TOV TEAeoTN C

e MelpXPATIK £XEL ETTLRELALWOEL TO AVOIANOLWTO TWV LOXLPWV
KOL NAEKTPOUXYVNTLKWV GAANNAETTLOPRTEWV OE€
HETXOXNMATLOHOUC ouCuylac popTilov KoL N TTapoBLocoT) TOU
OTLC XOOeVELC GANNAETTLOPXTELC.

= TIpWTOVIO: Q =+e,B =+, s=1/2, u=+2.79(eh/2Mc)
KVTLTTPWTOVLO: Q =-e, B=-1, s=1/2, u=-2.79(eh/2Mc)
NAEKTPOVLO: Q =-e, Le =+I, s=1/2, y=-(eh/2mc)
TTOCLTPOVLO : Q = +e, Le =-1, s=1/2, p=+(eh/2mc)
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O TeheoTtnc CP: H dlxpnkng TTOAwWon Twv

VETPIVO & QXVTLVETPLVO |2

e MMELPAPATIKE BpEONKE OTL TX VETPLVO ELVOIL XPLOTEPOTTPOPX
KXL TX XVTLVETPLVO OEELOOTPOPX

(c) (d)
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O TeheoTtnc CP: H dlxpnkng TTOAwWon Twv

VETPLVO & OIVTLVETPLVO | 3

e MMELPAPATIKE BpEONKE OTL TX VETPLVO ELVOIL XPLOTEPOTTPOPX
KXL TX XVTLVETPLVO OEELOOTPOPX

P
—_—

4?‘3/[\/"1’ J: {-\/v
v

LH neutrino RH neutrino
observed NOT observed

CP C

o, p/i

Pe—T1

RH antineutrino



