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neutron luons hold the proton and

-\ meutren together and are
responsible for the Strong force
between them.
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Toxupéc alAnAemidpdoeig AdBeveic AMnAemdpdoeig
Z1nv nAektpacBevh Bewpia Twv Glashow, Salam kar Weinberg (1968) mpotdBnke n
q q q 106TNTa TG 0TaBepdc oUTeuEng g Twv W* kai ZO je Ta AETTOVIA Kal Td KOUAPK, HE TNV
avtioToixn oTaBepd TWV PWTOVIWV:
g=e
q q

o~ag? o=~a
« ag eivai n o1aBepd TeENg TWv 10XUpWY aAAnAeTISpdaewy TTou oxXeTileTal Ue To
“popTio xpwparog” othv QCHD
a;>a > Bswpia Siatapaxwy mo dUokoAn oty QCD

« emiTA£oV Ta yKAoudvia aAAnAeTISpolv HeTagu Toug > umohoyiopoi oTnv QCD
BUakohor |
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AS = 0 (Mo strangeness change)
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a+b>c+d

O Xpuogég Kavévag tou Fermi

EXEI VO KAVEI PE TNV Bewpia TwV dlaTapaywy.

*
27 o — matrix element: .[l//fUl//,-dV
W = 7 /p ) TiEpIEXE! 6AA TA XAPAKTNPIOTIKA
h N g avridpaong (Siaotdoeig

EVEPYEIAG)
TapdyovTag XWwpou doewv
TukveTnTa evépyeiac dN/dE TeAikAg
kardoraong (diaotdoeig E-1)

XwpPig va AdBoupe uTr’ 6yn To spin 0 apIBPOG TWV TEAIKWY KATAOTACEWY TTOU
UTTOpOUV va UTTaPEOUY o€ pia aTeped ywvia dQ kai TrepiopifovTal atmo éva dyko V
Sivetal atré TN oxéon:
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a+b>c+d
do

do 1 e pE S (@s +D@s, + D)
dQ(a+b - c+a’)—44”zh4*‘M,/‘ v\ (25, +D@s, D)
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 EMITPEMETAI VA AVTIKATAGTAGOUE eloepXdpeva (e€epxdpeva) owpatidia pe
e€epxopeva (eloepxopeva) avriowparidia - crossed reactions

* 710 810 matrix element - S1APOPETIKA KIVAATIKA

a+b->c+d
a+c > b+d
a+d >c+b
a—>b+c+d
c+d >a+b

Spin Tou w
Tia Tnv avridpaon: p+port+ d éxouue
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Y1d TIG 10XUP£EC AAANAETIISPAOEIC 0 XpOVoG T eival Tdpa TOAU HIKPOG
(8ev pmopei va peTpnBei) kai yi' auté XpnoigoToloUpE To TTAdToG I~
Tou opileTar ané AEAt~h

r:é:hw = 2x|m, [ [pd

dN = -N(t)rdt > N(1)=N(0) e
ouXVd Kamolo owpartidio diacTdrar péow SIaYopETIKWY TEAIKWY
kataoTdoewv. TOTE TO OUVOAIKO TTAATOG gival

res,
branching ratio ;= I,/ I”

Aiaondoeic - Zuvroviopoi
KATIOIEG KATAOTACEIG owHATIdiWV PTopolv va dnuioupynBolv oe GUYKPOUTEIG
peTall owpatidiwy oTig omoieg Siaomivrar > ouvroviguor (resonances,)
Zekivivrag améd n oxéon N(1)=N(0) e
Kal TaipvovTag Tov peTacxnuariopd Fourier

Taipvoupe TNV katavopn Breit-Wigner osf .
o Wignar
o iy shagan
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o(E)=0pp ———L——
(B-E¥+T7%, )

n omoia pag divel pia karavopr yia Thv evépyeia (pdla) Tou owparidiou. Mévo
Ta “anéAuTa” oTaBepd owpatidia £xouv kaAd kaBopiopévn pala. OAa Ta dAAa
£xouv pia karavopr) udgag 1 r?

ZuppeTpieg
Tuppetpia: Aiadikacia ou e@apuéeIg o€ KAmolo cUGTNUA TIOU TO APAVE!
avahoiwTo
T.X TEPIOTPOYA Katd -120° agAvel To oxApa
avahoiwTo. To i3I0 TepioTpopr katd 240°

AG HETATOTIICOUPE TNV KUpAToouvdpThon Y(X) katd a
W(x) > y(x+a)
Avamtioooupe Thv y(x+a) ot oeipd Taylor yopw amé To y(x)
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l//(X+a):(//(X)+a(z—W‘ +a—p'/; + o
oxl, 2lox®|,
a” 0"
- {Zg Tox ju/(x)
= U(a)y(x) émou  U(a)=e"™

ZuppeTpieg

AV To UOIKO pag oUoTNUA eival avaAAoiwTo OTIG HETATOTIOEIG TOTE

(Cly o) = (plx + allytx +a)
= (U(a)w ()| U@y (x))
= (p(x)|UT (@)U a(x))

£UKoAa PAETTOUNE
UtU =1  n8iagopetika UT =U!

= U(a) civar yovadiaiog




ZuppeTpieg

Ag BupnBoUpe amé Tnv Kpavrounxavikh 6TI kABe TapaTnPRoIHo PUCIKG HEyEBOG
mapioTavetar and éva Eppitiavé teAeoth (Hermitian operator)

HY =H
KdBe eppimiavog TeAeaTiG eivar £vag yevviTopag evog pHovadiaiou TeAEaTRH
iH
U=e
dpa 111 ~\ _ ~/Hakai cuvkpivovTag e To TponyoUUEVo amoTéAsoua
U\a)==¢€
U(a) = D
p=-i
ox

EPUITIAVOG TEAEOTAG YEVVATOPAG TWV
HETATOTTAOEWV

Ocwpnpa Noether
KaBe ouppeTpia oxeTiCeTar ye pia apxh diathpnong

ZYMMETPIEZ <————>> APXEZ AIATHPHIHZ

ZYMMETPIA APXH ATATHPHZIHZ
UETATOTIION OTO XWPO 0puA
XPOVIKA HETATOTION evépyeia
aTpoeh aTpopopury
HETaoxnpaTiopog Pabuidag NAEKTPIKO YopTio

ZuppeTpieg
MepikéG popég HIAdpE via TTPOTEYYIOTIKEG OUPUETPIEC. AKOUN Kal
auTég eival XpAGINEG amd T oTIyuh TTou Sev {nTdpe 100% akpipeia.
(Ba doUpe pia ouppeTpia TTou oxeTiel dUo owparidia pe oxedov idia pala - To
VETPOVIO KaI TO TIPWTHVIO)
AyvwoTeg ouppeTpicg: Mepikég gopég Exoupe kdTola dpxh
S1aThpNONG Xwpig va éXOUPE KAToId YVWOTH oUPKETpIa (iowg kdmolog
BewpNTIKOG VA EUTIVEUOTE ...)
Fevikd kdOe ouuueTpia eivar axpiBAg doo Jev umdpxe! kamolo
TEIPAPATIKO amoTéAEopa TTou TNy KatdppimTel. Mia tapddeiyua o
AETITOVIKOG Kal 0 PApuovIKOg aptBuog dev sivar ouvdedepévol pe
Kdmola ouppETpid.

7oAl Pacikég apxéc Oewpiag opadwv

Mia opdda G civai éva oeT and aToixeia pe kdmoio duadiké vopo oOvBeong (T.x.
Kdmolo £ido¢ ToAAaTrAdciacpoU) £To1 WOTE va IKavoTrolouvTal

. KAei0T6 (closure): Va,be G:ab=cec 6

. TautéTnTa: Vec 6 |VacG:ae=ea=a

. avtioTpopi: Vae 6V ale 6| aal=ala=e

. avTigeTaBeTikéTNTA: ¥ @, b, ¢ € 6 : (ab)c = a(bc)
To 6 civar ia Apehiavii opdda (Abelian group) av 1oxUer h avTipeTdOeon otov
ToAAamAaciaopé : ab = ba vV a, b € G JiagopeTikd n opdda eivar pn-apeAiavi
(non-Abelian)
ol 0pddEeg TroU ouUVAvTAWE oTN owHATISIAKA QUOIKA ival ouvexeig opddeg Lie.
TTio ouykekpipéva xpnotpomoiolue Tig SO(N), U(N) kar SU(N)

S - special > opifouca =1, O > opBovivio > MTM =1,

U - povadidio > MM = 1

R N N

Ouddeg oTo kabiepwpévo mpoéTUTTO
SU@B3)® SU2), ® U(1),
c: colour, L: left handed, Y: hypercharge

Grand Unified Theories (6UT) xpnoipomotoUv peyaAUTepeg
opddeg mou mepiéxouv Tig opadeg Tou KTT (mx SU(5), SO(10))

String theory (Bewpia xopdWwv) akdpn peyahiTepeg opddes  (mx
S0O(32) h EgxEg)

ZTpoygoppn
Ztnv Kpavropunxavikn 8ev pmopoUpe va yvwpifoule Ta TdvTa yia
TNV OTPOWYOPHN 7 EVOG OWHATISiOU OE KATIOId XPOVIKA OTIVHA.
MmopoUpe va yvwpiloupe auyxpdvwe pévo Ta J2 kai J, e 1810TIHEG

T2y =[G+ 1y

Jw=(mn)y

* auTOG 0 PopUAMIOHOG 10XUEN Kal yid ThV TPOXIAKA OTPOYOPUR [ Kai

Thv 13100TpoYopyri (spin) 5




TipéoBeon Zpopopyric
J=J +J,
amd Tn oTIypR o dev yvwpiloupe Thv kdBe ouvteTaypévn Twy Jy kai J, To Hovo

TIOU UTropoUpE va TroUpe via To J eivai 6Ti
mmgemg kat |y = ol << 1ji+ Jel

J
2 I,

J
1 J
av yvwpiloupe To J pe dedopéva Ta j; kai j, OéAoupe va kaBopicoupe Ta my Kai
m, £XOUHE TOUG TTEPIOPITHOUS
merm=m , Imyl < i, Imgl <,

ZuvreAeoTég Clebsch-Gordan

. X (Jitd2)
‘J1m1>‘./2m2>: z
Ji-de

m)y, émou m=m +m,

\ OUVTEAEOTEG

Clebsch-Gordan

Clad iy = dmpgmamv 7+

<y ld + e )W

ZuvreAeoTég Clebsch-Gordan

4% CLEBSCH-GORDAN COEFF , SPHERICAL HARMONICS,

(Fa4+ma —n){i—ge+m +a)lii— iy —me+n)l




