H HAekTpaoBevinc Evomoinon

O Maxwell evomoinoe Tic HAekTpIkEC pe TIC MayvnTikEC duvdpeic aTov
yvwoTo pac HAekTpopayvnTiopo.

Oi1 Glashow, Weinberg kai Salam amédeifav 611 o1 HAekTpopayvnTIKEG
aAAnAemidpdocic Kal o1 AoBeveic aAAnAemidpdocic amoTeAoUv
O1aPopeTIKEC oyelc Twv HAekTpaoBevwy AAAnAeTIdpdoswy.
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HAekTpaoOeveic AMNnAemidpdoeig

Omnwc cidape o1 aoOeveic aAAnAemIdpdoeIC HEOwW QOPTIOHEVOU PEUUATOC
avTidpoUlv Hovo pe aploTepoaTpopa cwparidia (de€16aTpopa avriowparidia)
Kal HaAiota n otaBepd {evng civai n idia

dldomaaon BR

ud_':u(d_coseC + s_sinac)
c§'=c(5cos6, - d siné, )

’ 9
. ' ' ’ ouvo A? /9
Ma To Z° pe avahoyo TpdTo Oa émpeTe va eixape
Z° > ee uyuy T 7}6

onAadh Vv, ViV, V7,
BR(Z® »e'e)=BR(Z° >vy )=48% e sl
HH ! dd ss bb
21
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MeTpnoeic BR

Ma 1o W n pétpnon Twyv BR eivar amAd. 211¢ xapnAéc
EVEPYEIEC Ol HETPAROEIC O1aPOpwWV HEoWV Xpovwy CWAC Hag
divouv TTAnpoywopicc yia Ta BR. ZTic uynAéc evépyeiec Ta W
mapdyovrail o {elyn péow qq ahnAemidpdoswy (o€
EMITAXUVTEG PP ) N 0 ouykpoUaoeig e*e”. KaTd Tnv mapaywyn
(euyouc W pmopoupe TautomoiwvTacg 1o éva W va koitdfoupe
TI¢ d1aomdoei¢ Tou dAAou Kail va peTpnooupe Ta BR

Ma 10 Z° civai mo dUoKoAO HIac Kai OTIC XAHUNAEC eVEPYEIEC Td
aoBevh oudéTepa peuparta "okidalovral” amo TIC IOXUPOTEPEC
H/M aAAnAemidpdocic. ZTIC UPNAEC evépyeleC oUVABWC
napayetal éva Z° gite o qd N e*e” aAAnAemidpdoeic.

MTtopoUpe OpWC va XpNOoIUOTTOINGOUKE TIC HETPACEIC TNG
evepyoU O1dTOUNAC Yyia va ppoupe Ta BR
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MéTpnon EvepyoU diatophc oto Z°
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o kai BR
MTopoUpe va XpNOILHOTTOINOOUKE TIC HETPAOEIC TNG EvEPYOU dIATOUNG Yid va
kaBopiooupe Ta BR. H evepyog diatoun mapaywyng tou Z° (lowest order!) divetai
amé yia axéon mou €xel Tn Hopyh Tng Breit-Wigner:

r.or. 6 f

_ 2 e ff
o, . =12m(hc) . 6462 A Z
Vs = my o f

2 r+ _r B 2
O, 7= 12772(h4c) ee 11— 12”§hf) BR(Z — e*e‘)BR(Z - ff
m;c s m;c
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MeTpnoeic Twv BR oto Z°
ATIO TIC HETPAOEIC TWV dIAPOPWYV eVEPYWY OIATOHWY HTTOPOUHE va
uttoAoyigoupe To oUVOAIKO TTAATOC KABWC Kal Ta a emipépoug TAATH Kal
BR. Na tnv mepinmtwon Z —vv av kai dev UmopoUle va ThV HETPAOOUE
ameuBeiag pmopoUpe va Ttdpoupe TTAnpoopicg amo:

|_|/|7 :rZ_rqq__r _r,u,u_rrr

, ee
amoTeAeopara:

BR(Z — e’e”) =3,3632+0,0042%

BR(Z — p'u ) =3,3662+0,0066%

BR(Z —117)=3,3696 +0,0083%
BR(Z — g7)=69,967 +0,093%

BR(Z —w7)=19,934+0,098% ~2-BR(Z — (')l

Aev éxoupe Thv id1a {evEN yia OAeC TIC avTIOPATEIC TOU OUBETEPOU
pevparoc oTi¢ aoBeveic duvdpeic. To Z mo moAUTTAoKO amé 1o W.

« AUon 2> HAekTtpaaBevinc (EW) evomoinon
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AoBevég Isospin

Ma va kataAdpoupe kaAUTepa Tnv EW evomoinon (Nobel Prize Glashow,
Weinberg & Salam), mpémel va eioaydyoupe 1o aoBevég isospin (T).

Ta apioTepdaTpoa AetTovIa Kal koudpk axnpatiCouv (elyn Tou acBevoug
isospin Kkal uTTopoUV vd HETAOXNHATIOTOUV HETALU Toug ekmépmovTag éva W.
Ta de€160Tpoga peppiovia dev Aaupdavouv Hépog oTIC aagBeveic aAAnAeTI-
dpdoeig dpa eivai isospin “singlets”, ye 7= 0.

Family T IE Q
Ve Vi Ve 1o H12 0 f — f
e 1 T ' -1/2 —1

L L L
VeR "',u =} Vi 0 0 0 Q — -Q
€n Hg Tg 0 0 -1 T3 — T3
u c t 12 +1/2 +2/3 Y — -y
d’ i s’ i b’ i ' -1/2 -1/3
Ug Cq te 0 0 +2/3 L —» R
dgn Sg br 0 0 -1/3
R — L

Emiong e1odyoupe To umtepgopTio Y=2(Q-T;)
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AoBevég Isospin

2 11¢ aoBevei¢ aMnAemidpdaoeig To T; diaTelpeiTar.

Apa TIpETIE T,(W)=-1. T;(W)=+1 = T(W)21

BewpwvTtag 611 T(W) = 1, 16Te XxperaldpaoTe pia TpiTn Katdoraon ge T; = 0
Apa xpetalopaote To WO, ue Q=0,T=1,T;=0

Egdoaov To W° kai Ta W+ amroteAoUv “triplet” mpémer 6Aa va éxouv Tig 181€¢
Ceugelg, "g", ue Ta We,

To WP dev pmopei va civai To Z, eme1df o1 {eu€eic Tou Z dev civar idieg

Ac UTToBEdoupE 0TI £XOUNE Kal éva véo owpaTidio, To BY, mou aAAnAemidpd pe
To uTtepopTio (¥'), He aTaBepd Cevgng g'/2.

O1 oudéTepec kataoTdoeic B® kai WP avapeiyviovrai

cos@,|B°)+sing, |W°)
~sing, |8°)+ cos @, |W°)
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To pwToVvIO
@€éAoupe To pwTOVIo va £xel (eUEN TnC Hopehc Qe.

v) =cos@, |B°) +sing, |W°)

To B aAnAemidpd pe 1o Y=2(Q-T3) ue 10x0 g'/2, kat To W° pe 1o T; pe

10XU g. Apa €xoupie OUVORKN £voTToinong
= i' — [ l 9 = l 9 —
Qe = > 2(Q-T;)cosG, + gT;sing, cosg, = gsing,, = ¢
= g'(Q-T;)cosg, + gT;sing,, g'
lMNa o Z €éxoupe g
_ _i' _ : O,y TTApAUETPOC TOU HOVTEAOU
Iz 2 Z(Q E)Slh@w i 97; cos 9W éwnpéna va peTpnOei amd To

Teipapa

=-g(Q-T;)tang,, sing, + gT,cos§,

-7 (1,-Qsin’g,)

 cos@, sin@,, = 0,23153 + 0,00016
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To pymolévio Z°
2
2 Y9 . 2 2
N < 92 =5 g, (T; -@Qsin’6, )

AC onpelwOei 0TI yiad Ta veTpiva HOVO TA AdPIOTEPOOTPOPA CUHHETEXOUV

Hiag kai Ta degi16oTpopa éxouv T; = 0, kat @ = O, dpa dev aAAnAeTidpoUv.

2

. 2
9% = osig (T -Qsin"6,)

cos’g,\2) 4cos’g,

Apa
1 2

[ o« 92
4 cos“ G,

. ToimoAiTng
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To pymolévio Z°

2. TNV TEPITTTWON TWV hAEKTpoViwY TIpETel va AdPoupe UTt oyn Kai Td
aploTePOOTPOPA Kai Ta 0e€100Tpowa Hiag Kal To Z aAAnAemidpd pe 1o Q
omtoTe dev mailel poAo n eAIkOTNTA

r —rL +T

e e exe/
2 2
. g C2a \2 9 A ein?
€ —)m(E—QSIn 914/) CosZH (7; QSIn QW)
R} Ps (_1+lj :1 g (1)2 2
cos’g,\ 2 4) 16cos’g, " cos 6’,,,, 16 cos 9

2
+ocl g zlr
¢ 8cos’g, 2"

. ToimoAiTng
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Mepikd TTAdTn Tou ZO
* O mAnpng utoAoyiopog pag divel:

= 167 MeV } , ,
ava olKoYEveld AETTTovioU
,,= 84 MeV
rhad = 1742 MeV (uu+dd+cc+ss+bb)RQCD di0pOwocig
- = 2495 MeV

«  TleipapaTikég HETPHOEIC

r,,= 84,0+ 0,9 MeV
rhad - 1744,4 + 2,0 N\eV
[ = 24952+ 2.3 MeV

Evruntwoiakni oupgwvia lll

. ToimoAiTng
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r

invisible

|-.invisiblta: 499:O * 1,5 MeV

I

ApIOUOC OIKOYEVEIWY VETPIVWY
=, -r_, -3r

A

N =

4

. ToimoAiTng

D ] T
invisible _ 2, 084 + 0’008

theor .
w
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O Mnxaviopég Higgs

2.7n paciki Bswpia TG hAekTpaoBevouc evomoinong éxoupe 4 “pmolovia
paBuidag” (gauge bosons) - Ta 3 W (triplet) kai o B (singlet). E¢ aitiag
Tou Agyopevou “apeTdpAnTto PpaBuidac” (gauge invariance) Ta 4 ymolovia
paduidac éxouv pndevikn pala. MNvwpiloupe opwe 611 Ta Z kai W éxouv
pada.

H paoikn 10éa eival 611 6Aa Ta owpaTtidia éxouv pndevikn pala oe peydAeg
evépyeleg. ATToKToUv pala péow Tou "auBoppnTou oTtdaiou The
ouppeTpiag” (spontaneous symmetry breaking). Auté Tov pnxaviopyé Tov
ovopdloupe pnxaviopoé Higgs.

Ta 4 umolo6via akoAouBoUvTal amoé 4 media "Higgs". KaBuwg To aloThua
(oUumav 1) kpuwvel, n oupueTpia omder auBopunta kai Ta W5 kai B
avageryvoovrai Kai dngioupyouv ta y kai Z ta W, kar W, pyetarpémovrai
ora W* kait W-. Ta W*, W~ ka1 Z amrokToUv pala amoppopwvTtac 3 amo Td
4 mtedia Higgs. To pwTovio mapapéver pe undevikn pdla. Eva medio Higgs
Tapapével kal amoteAei To owpatidio higgs.

. ToimoAiTng

14



To medio higgs

To medio higgs €xel Tnv aouvABioTn 1816ThTA OTI K KATAOTAON YId TV
omroia To medio higgs pundeviletar dev eival n katdoTaon pe TNV eAdx10TN
gvépyela.

2. TOV NAEKTpOUAYVNTIOUO 0 KABDE anpeio TOU XWPOU avTIOTOIXEI Hid TIPA
(ka1 kateVBuvan) Twyv Tediwv B kai E.

A
Aiavuopariki Ocwpia - spin 1y Energy

>
ol e
.-:::‘“*

\ BorE field
>

2 € KABe ahpeio Tou
XWpPoU £XOUlE
amoOnkeupévn evépyeld
~x E? R B? Acev éxoupe oUTe Tredio oUTE evépyela
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To medio higgs
Ma 7o medio higgs dev untdpx el kaTewBuvon

paBpwTéd medio pe spin O

¢ o OTIaopévn

. o . L OUHHETpIA OUI.I!.IETpia

e o A
H evépyeia oxeTiCeTal pe 1o medio
wg e¢hg

/.

H evépyeia civai >0 6Tav To medio =0 o /

Ma evépyeia = O To medio higgs dev undeviletar > owyaridia higgs

Higgs field
-

. ToimoAiTng
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To owparidio higgs

To owyartidio higgs, HO, éivai oudéTtepo pe spin=0. Exer pdla aAAd kavéva
dAAo KPavTiko apiBuo kai éxer {eun o pada.
AUTO TTou amokaAoUpe kevo xwpo (vacuum) Ba pmopolae va cival YeUATog

pe duvnTikd owpartidia higgs. OTav éva owpatidio KIVeiTal HEoa oToV KeVO
XWpo aAAnAemidpd pe Ta owparidia higgs.

2 wpaTidlo Xwpi
To owpaTidio TepIPAAAETal H XWpIg

. pala Tou Kiveitai

amd éva “vépog" owpaTtidiwy " oTo XWpo
higgs kai éTal To owparidio H_ W H.
TToU dpXIKd dev gixe pdla ’.\ ',H: N L —\» AvTidpd e Ta

eppaviCeTal Twpa pe pada. duvnTIKA

6w O6Tav KivoUpdoTe péad oc owpatidia higgs
£va TaxUppeUOTo UYpO TToU HAcg

emiPppadlvel oav va ixape

uevaAUTepn pdda. XpeialopaoTe apkeTd HeydAn

EVEPYEIA YIA va TTAPAYOUlE
TpAyuaTikd cwuaridia higgs
- ATLAS (LHC)

. ToimoAiTng
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To owparidio higgs???

- Ymnpxav kdmoie¢ mBavécg evdeileic yia Tnv TapdThpnon Tou
higgs oto LEP. Kupiwg To meipapa ALEPH €ide pia pikph
UTTEPOXA OTNV TTdpAYWYRA YEYOVOTWY ThC HOPPAC

e'+e >g+g+b+b
g=u,d,s,cnb
@a umopouaoe va gival yeyovoTtd

e +e >Z°+H°

ve Z2°>¢g+q kaH> >bh+bH

. ToimoAiTng
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To owyaridio higgs ???

P TRl 3

]
o L
: ;; - s=200-210 GeV
o
L]
-
] * LE
= LEP tight
)
-
= background
) a_l s L - hZ Signal

wl= 19 L9

ar
= 1
m, > 114.3 GeV LN

0 20 40 60 80 100 120
Reconstructed Mass my, |GeV/c®]
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TTepiAnyn KaBiepwpévou TTpoTUmou

« 2Zwyaridia
- Spin 3 @epuIOVIA avTIPEPIOVIA
(a) 3 oikoyéveiec koudpk (u, d) (c, s) (T, b)
(B) 3 oikovéveleg Aemrtoviwy (e, v,) (W, v,) (77, v,)
+ avTiowparidia Toug
- Spin 1 gauge bosons
(a) 1 nAekTpaocBevég pmolovio vy e pndevikh pala
(B) 3 nAekTpaoBevh ymolovia W+, W-, Z°
(v) 8 ykAoudvia g pe pundevikn pdla

- Spin O pmolévia higgs HO HAekTpaaBevng

gvoTroinon He
o1aBepég g Kai g’

*  AMAAeTIOpAoEIC
- H nAekTpopayvnTikn aAAnAemidpaon pe otaBepa (evéng e
- H aoBevng aAnAemidpaon pe oTaBepd {euing G
- Hioxuph aAnAemtidpaon pe otaBepd (eugng a,

. ToimoAiTng
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Avamavtnra epwTAuaTa

To KaBiepwpévo TTpoTuTto KAVEl APKETEC TTPOPAEYEIC ~ OI TTEPIOTATEPEC
aTo TIC OoTroieC €xouv eAeyxOci pye TTOAU peydAn akpipeia T.x. OTTWG ol
diaomdaoeic Tou Z° ge Koudpk N AeTtTévIa

Opwc 1o KaBigpwpévo TTpoTumo dev umopei va tpoPAyet:

Tig Tipég Twv oTaBepwyv eling e, g, g, a.
Tigc palec TWV KOUdPK Kal TWV AETTTOViWY

AM\eC epwThOEIC:

MaTi éxoupe povo 3 oikoyEveleC Kal 0!I povo 1;

UTtdpXx el oX€0n avdpuead OTIC I0XUPEC Kal TIC NAEKTpacBeveic
aAAnAemidpdocig;

UTtdpX €l KAaTrold axéon HETASU TWV KOUdPK Kdl TWV AETTTOVIWY;

MaTi To NAEKTPOVIO KAl TO TIPWTOVIO £XOUV aKpIPWC ioa kal avTiBeTa
wopTia evw o1 1010TNTEC TOUG €ival TO0O OIAPOPETIKEG;

TToia cival n aitia Tn¢ mapapiaong tng CP;
T yvivetal ge Tn papurnra;

. ToimoAiTng
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