M affehiaveg Dewpleg - Yang-Mills dswpleg

H uipr) oxtiva 0pdong twv aotevedy aAANAETLOPACEWY o 00NYEl
GTO GUUTEQACUN OTL Tal COUATIOW UTELYLYA YLl QUTHV TNV
aAnhenidpaon (ta avtiotolya copatidia Baduidac) Teénet va
EYOUY PACa, TEAYUO TOU OEV ETUTEENETAL O TIC Vewplec Poduldog
(0.B.). Ondte, n ewooywyh twv ©.B. Atav and opopptd povo;
Mmnogpolue va ayvonoouue tic ©.B. xou va Bdhovue 6po udaloc, yia
.. M*WHW,, otnv Aayxpavtliavh; Av to egapudcouue, Vo
GUVOVTHCOUUE OMELRIEC GTOUS UTOAOYIOUOUS UG TTOU OEV
uTopoluE 00TE Vo “‘OLioupe’’ oute va ““xpldouue’.

>.TO TLOEOMXATL OLALY AU ““EVOC Bpoyou’”, av Tor owuatiow UE TNy
XUUATIO T YROUUN Eval OTOVLA, xdUe OLHOOTNS TOU PWTOVIOU

oUVELGPEREL bpo ~ 1/¢% evéd %dde BladdTng Tou NAexTpoviou

OLVELGPEREL OGP0 ~ 1/q, 6ToL ¢ €lval 1 opun 6To Bedyo Tou elva
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eheUlepn (METE TNV BlaThENoN NS OpUAC OE XAVE XOpPUPT), OTOTE

o Yo TRETEL VoL ONoXANpOG0oLE TNV oppf auth: [ d'q

|

[l peydha ¢ To ohoxhpwuo 0eV ToEOUGIACEL XaVEVA TEOBANUAL.

Av buwc avtl poTtdvia €youue cwpotidlo ue wdla, o dladoTNe elva
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OTLOTE, TO Oy PaUoL Vor OLVEL

/d4q 1 1 qMQV QpQG
d +md +mM2q* M2¢?

To ohoxhfpwua Ouwe Topa amoxiivel yio ueydia q. Beloua, Do

UTOPOVCUUE Vo BAAOLUE EVa TIEVL OPLO OTO OAOXANPWUA, WC UL
TAUEAUETEO TIOU VoL Hog OWOoEL TO Telpoa. AANG, TNYXUVOVTOC O
OLOLY QOUMOITOL UE TIEQLOOOTEPOLC BoOY0UC, Ol OTELRlEC YELPOTEREDOUY
xou YeetaCouaoTe OAo xou xouvolpylee TopopeTeouc. Mo tétola

Vewplo ovoudletor un “‘ovaxavovixonotioun’ xat 0eV UTopel va

eyel TpoliedudTnTaL.
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Kevppevn ovppeteia - Avdopuntn napaBiacn tng
CLUUETPLOG
Ac dewprioovue tnv Aoryxpavtliovn

1 . 1 1
£=T =V = 5(0,0)00) - (5020 + 7 )

n onola €yet Wwo cuupetpia ¢ — —@. To A Yo mpener va etvar
Vetind Yo var unopolue ve €youpe ehdytoto. T p? > 0, 7
AayxpavtCovn teprypdpet eva BaduwTod cwuotiolo ye wdla p xa
awToaAANAeTOpacelc. H xatdotaoy younAoTtepnc evEpYELaC
(ground state) etvan ¢ = 0 xot 1 xoTdoTUON AVTH UTOXOVEL TN
ouppetpia ¢ — —@. T p? < 0, bpoc, PAérnovye 61t ¢ = 0 dev

clvol oAxoO e)\o’(XLG TO.
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N

Hpdryuortt

ov.- N b | ow
(9_qb_¢('u +Ap*) =0— ¢ == )\_:lz?]

Egapuoloupe Yewplo dlatapay kv YLew oo €V Ao To EALYIOTA,

ETUAEYOVTUC TO ¢ = v

o(x) = v +n(z)

omou n(x) meprypdpel TIC XBavTixéc dlatapayéc Yopw and To
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ehdyoto. H AayxpavtCavn yiveto

1 1
L= 5((%77)((9“77) — \v*np? — don? — Z)wfl + otadepd

O 0eltepog Opoc pog delyvel 6Tl To N xel pala

My, = V2 % = /=22

Adna, n L xon p L elvan 10od0vapes. "Evoc UETAOY NUATIOUOC OEV
UTOPEL Vo aAAGEEL TN uolxt) Tou Teplyedpet 1) AaryxpovtClovy). Av
uropoloope va ““Aocouue’” mhowe Ty L xow 1 L Yo Peloxoue Ta
(Ol amoteréopata. AAAE, ot Yewplo dlatapay Vv UTOAOYICOUYE
OtaTopayeC Yopw amd €va eddytoto. Me tnyv L, n ogipd TN
Vewplag Olotopay v 0ev Yo GUVEXAIVE Yot Vo avamTuoouE YUEW

and Eva acToEc eAdytoto, ¢ = 0.
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AvOdopuntn napafiact oAxng Jewplog Ladmidoog
H Aoryxpavtliovh yia uryodnd nedio ¢ = (o1 + ida)/v/2 etvou

L= %W*)(fw) = (W67 + A(¢"9)) =

= (001" + (062)" — (8} + 63) — TN6} + )

T A > 0 %o p? < 0, 670 YOO TV (@1, Po) LTEEYEL ULol
neplpépela @7 + @3 = —u? /A = v? Tou 1 duvau evépyeta elvor
EAAYLOTY. X" QUTAY TNV TEQLPERELN, ETUAEYOUUE EVal OTUELD

o1 =v, xu ¢y =20

Xl YPAPOUUE TO P(T)

o) = [+ ) + ()
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omou 7 elvon 1 “otivin)” Otatopary ) xow § 1) OLATAEY ) O TNV
XATELYUVON TNC TEPLPEPELAS TOLU EAGYLGTOU, YUPW ATO TO

ehdytoto mou otahéCope. H AoyxpavtCiavy) yedpeto

1 1
L= 5(8M§)2—|—§(@Mn)2—|—u2772—|—0wﬂ€pég+(xuﬁmoi oeot og 1 o &)

BAémouye TAAL To TEdlo 1) Vo €xel pado my, = 4/ =242, ahAd TO

290



medlo & ebvon duaCo. Elvon to Aeyouevo “‘unolovio’” Goldstone.
Emopevwce, mpoonadovtoc va nopaBidcouvue T cupueTela,
ETAEYOVTAC TO CUYXEXPLIEVO EAAYIOTO, dWGAUE Udlo e Eva
CWUOTIO ahAd poc pevel xat €va dualo. To teleutalo to
nepwevape. To £ elvar oTny Olevuvon TNC TEQLPERELAS TOU
eAdyloTOL. X aUTY| TN OLELYLVOT) OEV UTARYEL EALYLOTO.

To mopdderyud pag elvar uia EQoEPOoYY|) ToLU OEWENUATOC

Goldstone, mou avagépel 6TL OTOTE TAEABLACOUUE LYOEUNTA Lol

olxt) cuppeTela, eugpaviCovtar duala Boduwtd nedia.

Emopevwce, Tt uropel va yivel ye tnv acvevr aAinieniopacn, Tou
Ta cwuatio Poduldac W xaw Z €youv ydlo yowelc Tnv eugdvion
Suolwy COUATIONV;

Mnyaviounog Higgs

[Inyaivouue topa ot wor AayxpavtClovh Tou LTEOVEL ULot TOTUXY)
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ovupeteio Baduidac, ¢(x) — explia(z)|d(x), xou Quoixd
YeelallouaoTe TNV cuvailolwto nopdywyo D, = 0, — ieA, pe
A, — A+ (1/e)0,a(x). H Aayxpavtlavi yiveto

L= (Bt icA )8 (0" — ie ")) — p*6"6 — M(6"0)" — 1 Fyu P

T p? > 0, av e€oupéooupe 0 bpo (P*P)?, éxouue Ty Aeydpevn
“Barduwt)” KPoavtiehh Hiextpoduvouixh. T p? < 0 Yo éyouye
awdopunty Tapallacn Tne cupuetelac. Kavovtag ta (ot omewe xa

TNV TEPITTWON TNS OAXNC CUPUETELAC, Vo TAPOVUE

1 1 1
= —(0,n)° + 5((%5)2 — \v’n® + o€ 0P A AR — ev A, 0ME—

1
— F ., F* + (6pot acdnhemidpdoenmv)
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BAemouue, hotmov, ot

me =0, m, =V2\? my=ev

OAAS LTLAEYEL XL EVAC ““TIUEALEVOS™ OPOC, 1) OLOY WOVIOC:
—evA,0rE. O Aoyocg etvan 6t 0 A, agol mhpe udla, améxtnoe
(amé 2) 3 Baduoie ehcudepiac. H L' dev elvon “xahd’” ypouuévn
X0l UTIEEOEVEL TIC AVECHOTNTES XATAC TACELC TwV TEdlwy. Kot’
oY), aWTO OeV elvon xaxd, aExel Vo UTOPOVUE VoL OLOXPIVOUUE TTOLES
elvol oL QUOIXEC HATAC TACELC.

Mrnopovue va Bpolue ®dmoto cuyxexplevn Potulda, Tou vor pag
OELY VEL EXTIEPOACUEVOL AUTES TIC (PUOLEC XATUO TACELC;

Iopatnenote oL

¢=\/g(v+n+i§)ﬁ\/g(v+n)€i§/”
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Enopevwe, otny apyey AoryxpoavtCiovy| ETAEYOUUE VoL XEVOUUE
TOV UETOOY NUATIOUO Boarduioag

o(x) — \/g (v + h(g;))ew(w)/v

1
A, — A, + —08,0(z)

ev
Emheéyovtac autny tny Podulde, tepyuévouue tny avelaptnolo oo
T0 0, wloe xou etvan 1 o). Ipdrypatt, n véa AaryxpovtCiovy)
YedpeToL

1 1 1
L' = 5(({9uh)2 — M*h? + 5622)214#14“ — \vh?® — Z)Jfl—k

1 1
+ §€2h2AMA“ + ve*hA, A" — T

To ynolévio Goldstone dev eugpaviCetar ma. O Boadude ehevieploc

294



TOU elval “‘ThacToc’ yiaTl avTloTolyel oy eAcutieplor TOL
ueTacynuatiotov Paduidac. Autoc o Baduog ehcuteploc 06UNXe
oto A, mou topa €yl udlo xat €xel 3 Podpoic eheuieploc. Autdc
elvon ‘o unyoviopoc Higgs™.

Avdoppntn nopafiacn tne cvppeteloc SU(2)

Ac ndpouvue v Aoryxpavtiovn

L= (0.0)"(0"9) — 1'¢'d — M¢'¢)*

¢o¢ _ ¢1 =+ Z¢2
ok ¢3 + i1y

ATatt®dVTAC avAAROLOTNTA OE PETACY NUATIONOVS Borduldoc tne
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SU(2)
¢ — ¢ = e (@)75/ 26,  6mou 7; ol mivaxec tou Pauli

Vo ElodyoUuUE TNY SUVAANOLWTY TaEdYWYO

DV = "+ ig LW}

[l amelp06ToUC YUETACY NUATIOHOUC

¢ — (1 +ia(z) 7/2)¢
WMHWM—éﬁﬂa—aXWM

(Yuunieite 6 yioo Ty SU(2) ov otadepée douneg tng ouddog
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fisk = €i1). Onote, n Aayxpovtliavy yivetat

1

WW,

L= (8,0 +iguW,0) (96+iaTW"s) ~V(0)

ME

W, = 0,W, —0,W,—gW, x W,
V = 129'¢ + A(¢'¢)?

T A > 0 %o 4 < 0, T0 eENYIGTO TOU DUVIPIXOU ETUTUY YEVETOL

OTOY
O = (67 + ¢35 + ¢34+ ¢7) = — =
EmAgyouye
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Avantiocovtag yOpw amd To EAAYIOTO

1 0

SRV

Xl ETAEyovTag TN Porduioo
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Y10 ATELPOC TOUG PETACY NUATIOUOVS TEQVOUUE

1‘|‘Z@3/U 2(91 —282)/?}
1(91+292)/U 1—2’93/2}

01 + 109
U—h—ieg

VTG TOLY O UE AUTO TIOU XAVUUE G TNV TETYOVUEVY] TERITTWOT,.

Yy L) o6y, 03 xou O3 “eCagaviCovion’” xou uévet povo to h. Ta

Tolo 0 €dwoav to Padud ehevteplac touc ota Wy, Wy xou Wi, mou
amexTNoAY Pala.

ITowa efvon 1 pdlo Twv Wi Autd Yo to Bpodue and To
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TETEAYWVIXO 00 WS Tpog ta W

XalL M udCo ebvou

XATAAYOLUE, Aottoy, ue 3 W ue udla M xou €va Padpontd h pe
ualat v/ —2u% = V202
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AcUeveic AANANAEnLOpAOCELS

O Fermi, to 1934, €xave v TpoTN TEOCTAVELN QULYOUEVOAOYIXTNC
TEQLYQUPNC TWY ACVEVOY AAANAETLOPACEWY. Oewpnoe TNV
OLAoTOOT) B (¢ ULl NAEXTROUOY YNTIXY| UETATTWOT.
P
€ €
4 V,
€

To mAdtoc Ya dlveTal

M =< p\J;”k]n >< ev|J! |0 >

AOYw NG UXENC EVERYELUS TTOU EXAE(ETAL, TIEQUEVOUUE OTL )
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eCAETNON Ao TNV 0puY| UTopel var aryvonuUel xou va xatahilouue ot
uo otodepd G = 1.14 x 107° GeV 2.

Auth n adAnhentidpaoT “peduatoc - pebpotog’’ uTopel va
cextaVel xal o dAhec aocdeveic otodwxacicc. O xavévac Tou

EYOUUE YLOL TOL AVTIOWUATIO OOTYEL G TNV OLOIXACLa
Ve + M —p+e€

oL Vol TEETEL VoL EYEL TNV O 1oL OTwe 1ot 1) OtdoTao [.
Ocwpnvtag, eniong, OTL T0 acUeVES PEVUA EYEL AETTOVIXO Xl

QOEOVIXO TUNUA

wk __ 71h [
Jk =gt gt

TOTE, Vo TEETEL VoL UTARYOLY XAVAUPEC AETTOVIXES OLOOLXACLEC

B —e +lVe+v,
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xou X oEd AOPOVIXES OLOOLXAGLES

AO—>p—|—7T_

H mptn datdnwon tneg “noyxoopdtntog’ (universality) nroy

OTL OAEC AUTEC oL dladxaciec Ya Eyouy xowo G.

H avtiotoryeio Tou pwtoviou ye to Leuydpl (er,) dev elvor oA
ettuyNe. To PwTOVIO TOU EXTEUTETAL ATOTEAEL TO X[BAVTO TOU
nAextpouayvntixou mediou. Eivar 00oxolo vo Yewpricouue To
Ceuydpl (ere) we to xPBavto tou avtioToryou acdevoic nediou.
Amé v dAAN TAeupd, n emttuyioa tne KHA odnyel dusoa otny
oxEdPn eloaywync evoc ediou avtioTolyou e TO PWTOVIO, TOU
evolduesou dlavuouotixol uroloviou (intermediate vectot
boson). Auté iowe Aoy To TedTo Brua yiat TNV evotoinon
NAEXTEOUAY VN TIXMY X0l ACVEVOY OAANAETLOPACEWV.
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[Topeuevay BeBota Todeg dlapopec avdueoo oty KHA xou tig

aovevele arniemopdoetc. To pwtovio etvon ovoEtepo evey to W
eyel poptio. To W mpenel va €yel pdlo, AOYw TNe uixenc
eUBEAELOC TV aoVEVOY OANAETIOPACEWY, EVL TO YWTOVIO efval

Suoo.

H esioaywyn tng €vvolag tou evolduesou unoloviou odnyel 6To

TAATOC




Eropevwe, otny xopugy, Fermi €youue mia yio eCdptnon and tnv
evépyeta. [ Tuinée evépyeteg tng owdomacne B3, To g’ << Ma/,
ondte G ~ g°/Mg,, 61ou 0 g eivon 1 otadepd olleuing, avdhoyn
Tou e. Anhady|, ot acvevelc alkniemdpdoelc elvon acievelc Aoy

e ueydine udlac tou W. Av g ~ e, 161¢

€

To 1957 mapatneninxe (Wu et al) e€dptnon tne ywvionrc
XATOVOUNG TOU €7 amd TNy TOAWGT ToU Tupnva (n), x4t Tou elye
ron avagepvel ano toug Lee xan Young. ‘Apa, Yo mpenel va
eupaviCeton 6po¢ s - p. Metd and molheg mpoondieileg, TaAVWOLES,
arotuyieg, xahepdUnxe 1 UTapEn cuvduaoumy V' (Bdvuoua) xo
A (devdodidvuopa) oTic aoVevelc aAANAETLORACELC.
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['vwpiCouue o1t J# = 9y#1h mou petaoynuatiletor we didvuoua,

eve 10 JE = yPys1) we beubodidvuopa. Aniady, ot

UETOOY NUATIONO parity
P: Jt—(J° -J)
P — (JY,J)

H apyr) Yewpla Tou Fermi népaoce and tnv undvesr tou
evolduesou unoloviou xat egptace otny woppn V — A

1
< e |yplve >= NN ﬂe”Y“E(l — V5) Uy,

V2

Eropevwe, 10 v,e” — p v Yo ypdpeTon

92 _ 1 — s
9 L1070 r—
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TOU ocvucrmxei TNV xopucpv’] Fermi

Gr

V2 Ve (1= 75) U] 6" [Ty (1= 75) e ]

Ondte, v ¢* << Mg,

Gr_ 9

V2 o 8ME
xou aUTO amoTeAEL TOV oploud Tou G.

['odpovtog To

ﬂl+75 S
S S

onuaivel 6Tl uévo To aploTeEpdGTEoYo (L) Tunua Tne

ug = Uy Pry" Prus = (uy, )y us,

xupatoouvdetnone rallel poho oTic aoleveic AAANAETLOPAOELC.
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