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From the previous  dis cusséon 3 &
a  possth 2)’ promising  app voach”
m‘g_l_x_t_f be {hat of (niroductng a
gavge sy'mmebry and of hreaxtng
Lt sponfaneou.cl)/ to generale masses
£0Y the meeded massjt qauge bosons .

Ferst  problem o choce of a proper
eZQC&roweak_ Gav ffe (qn?i (9&( r ST Vsaw)

descussed here)
Conslder  the overs(mpfc;ﬂ"ed case
o_{) one famﬂ/ of (f?rmf‘ans(élw{u,d)
"”Ié c"lar(c/ec( _Z_e__pio_g Curr?'ml/ ‘fc Lo
C¢ .;p?e((, %,O k ¢S ﬁ-hen:

Ske = P P o) P

and  the  compenent o_f the canclt‘c(afq‘_
| ac‘]rcmg(”an contalns _b_?}_(_’?_ Ig_ﬂ_{!j}.
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Ij one wamnts to (ntrodvce a

gavge  symmetry grovp G, thés will
have to contaln at least two charges
(c(]enerabor.s) assoccabed to these currents

Cand to the c/'nargec( bosons by "4/ :
2

+ +
T_= T = %Jd? 3 )

No meanfngful  groups are kmown
wiéth  twe getnamtors. T he “smallest”

ome that ¢s  avaclable has the
imafhemalfécaz structure of Suz)

6 = SU(2) ,
and ¢t has three generatoﬂ, wlth
an  algehra

T, 121 =27T

(’Yl_eutr 3.7
=) (I‘L Zé?a,lt one moreV Cfa_uge bOJon--Q—TB— V




gavge boson  be the ph don?

( l_ < L—-y . L_e.m., Le.mé ej__g,.,,qj
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NO  Becawe [T, T =27
= ((from canonccal a.m.vvles)

2. A4 Jd?[ﬁ({- dq};-yf(f-agmj
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= ome solu Efon:(c’m‘éc‘auzll not Ghe
only one — extra charged Jepton E*&?m.-.e—)

T mtvoduce another gavge hoson It/a

deflerent  from the p haton hut
/(Pr? p?.ed {5'6 -:——"")’C'g....)

( cov
elec{:rz‘call)/ meut rc_z}_ .
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Tm thes case , aq la Hraﬂﬁt’aﬂ
descrc"bc"ng hoth weaxk and
electromagnel®e nievactlons

( “electvowearc “ Cnlevactions )

shovld comtaln at least (oyr

S

dfﬂe YP'n’é gavge boson s -..:::)

a_ ménémal qae grop 6 should]
have jour genemtors.

A ———

pf J("fmpZe qva G wféh gour
qe nevabors ¢s mot avaclable.
Bt one can conscder the méndmal
nen sffmp?e group
G 2 SU2) x U(L)
(mathe materal  steoctore )
here the condlftéon (LU :—.:)y)
[_y‘, T.1=0 (La+,—,3)
;‘fm;QZc‘es that alsc the UH q bhosinzsp

C
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The  presctptéon Yo ensre .l
that the fermlonic L agramg(a noE
has G as a ( sc"qnmefsvy) gavge
group s o replace c/st‘e'rnat(?aZZ/
(genemzc‘z(’ng QED)

Vo G
where  yp s the Cndlopendent
“structvre ™, havtng certacln
{;mmsformafc’on propertces under

SUE" and  \(4), and.

v = a
D= Fie Y
with ‘. matrces rer»resmtc‘nj the 3

SU(z) genemtors T (n the Jerld. repr y

PTOV(‘C(? ol b)/ 1{5, bdhoje >/ VGZUQ % y&

Im fracffce( ecther SU2) doublets 2g.
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R mumber of purely
phemomeno Zog/cal consclevatlons
mow appears, Lhat well c‘nfluence

DRASTICALLY
the constructéon o (f The Cferm‘on/g/g,bom
sector ¢ f the candedate La?mng('an.

__r) _—c-) TQPVOdUCe COFY‘QC{ZZ)/ ﬁhe
Kmowm Zow-emrgy features 009
weak ¢mleractions | the charged rJr:uf‘LL
of the (nteraction — Tx (=W
sl onz)/ ‘mvolve  left-handec
ferméons (e, v o, dl) (q7# G

=the covarcant devcvabive

“belom c°4ng “ to SU(Z)} that onl)' acts
un %ie SUR2) devblets ) musT (fc’m( n
these  doublets Zerft- ~handed (femc'.’ans

= 9z = [ L Jul]  (e>color)
S Uz ( | I
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T the's  reason, the “electrmeqshil
SU2) was called SU@L . 7

DIY one wants to (ncarporate em.
¢atevactons cn bhe game, the Lagrangdan
must  contaln  vight- handed fermceons
as well( hhtons {ateract equally

weth I and (ﬁg) Bt these
must  mel be aaffected, by the
SU(2), covarcant derc’vabcve =

must  be  SUOI, ._S__{nglef/‘s.

V] 0 <  w@ el wic)

M’ Yoner, s = Un ’mwgcﬁiuz/,ﬂ)
(,qu‘arm have SUG) color, 7:7 “)

(vg “not wanted" ..)

@ Ome  stell has bo fc’x the valves
f y(i) (for the ¢-th " structure

O a——
Regquest : >/ must  commute with T,
Descovery 3 (Q=Ty ) commutes with T




=> matvral proposal
b(“ =55 >L Q T] =) U[i)/v |

Tn thes wa)/( fiﬁe re?at/on

Q T +.LY
s rebacned at the ew. level:

@ _ __E_e.w. .'__.(_, >/e.bf
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e.w -

with C= Slf) + Valy
) |
—ﬂ'lf 3 dﬂ xes >/(l fov the & S(rudare
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o, (Ti=-42)
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fexed s 45 tao-compe

(v, QL,@R , d. Uz, dr ) with
Knowm frans /armwf(ou py'opel/ﬁ('és.

V) No v ¢n the orcgmaz
( Ncmmaz ] Stam(arc( Mo del -
?_ZLZL loheno«menoéogcml .

Omce  the group has been fc’mf(
what (foZows :

From  the  request of lrftgnfr—sy""’"‘-’é")’ .,

ome  dercves that :
ME?,B =0 (ke ¢n 0ED)
H—jj = O

since ?‘r',y = ﬁ%"'ﬁ?’:

(mo  SUY) nvarfance ).
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back to Pdge Wz i
‘.‘Spon‘taneoos breamng Of 666

(M'-’- ff.) Sfmmebvy can generab‘e

as rmcm)/ mases a ome wisheS

for qavge bosons .

Amd  also , as  one well see, far

ferfm (ons 0

=) ¢me 94«12/ must  deccde
how many qarge bosons must

chuc're a  mass .

Cromomber that SUG). & ako uoled



Generadladtlon 1o the MSM '
mo meed ojthe trice £nthe SU
(8Juons remacm massdess ).

Ln (fact , SUBL can be separated
away and treated “canonlcadty
(SUBL. commubes with Sug), U(42/)

(Ofnz.f.y quark masses “berrowed *

Jrom SUR). «Uuly S$.5.Ba.)

Trom mow on : concentrate on
the ElW component SU2l, x Uy,

Of the four g.bosons , ondy ome
(the photon) must remacm massdess
Three must accluzfre a mass

PO

= XOUY‘ read Ha'ggs sz’edds
(Hwo compde x fa‘e.éd.s)
wids do the job.
(‘bomus" fermlons too wids become mass/ve)




The SW 2), x iyl

Thlis Zs made o(f J)our pleces

= 4.+ z.+ L.a * Llr -
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@ ‘4) Tg% _-_-')%z-—i.

I

m



L =(D)(38) -V(3)
0 ‘i’ = (9, ‘{%éh}

Vg = x 8¢ +A(§'3)
/u"<O =) S,.S,.R.(SSB)

SSB <OI%(O7=— © :rlolv':.v%(f

o . (Y2
-4 T
Th@m : ’b/x) = O [SC‘J _TFJ, 0 |
| Ll_&v_ijJ
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Lo b Db lo> #0

Cyzanare the “woudd-be " Godds, bosons
that can be washed away
[mltary qavge.) .

The physéca¢ spectrum Zs them
made by the following particces:




x:) One physzfca& massLve scada
(the HZggs)= mea:

L) Zz
fmq:: -2/1—

9 3 5am4‘&£es o(f Jermioms with
o mass€ess neutrdino and
masscve edectrom and quarks:

fmoe - -he U/V—i
’mou,d = hu,d 'U'/V—z

E) 3 masss e and ome massdess
(= Photo*n_) gavge bosoms .

The derfvation of the g.b.
masses L5 a “‘Keg-—poZnt" 00{7
the MSM Tt comtalms
predfctlons  and features that
wi AL aﬁf’@ct bith the tree-and the
, P ’ . / 2 i, i

et e r-’/"‘ /




In the unitary gauge. .

Pl = (T+mx) 7\’
2

The dersvatsive-term £n L_s proclvce's:
R Ul ik
- { #0793
ia __4_[9‘-7- Lﬂ‘}
L—-.B,H - MW[W/* ] MZ
where Mow= g.tr‘/ét .
and 4 M 2.77= ' [gh) -43]-
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T he phy sécad states are Obt"‘f
déagonadZecng the mat hemat fza €
states mass matrdx vla the 6,-
rotatZfom -

Tg O, = gf/@ |
sm, =2 Ko = St{

G)’J@o'&'—co:'—______

Thus, by constructlon:
(3
-Z/t = Co Q/l- — Ao B/(L
4 (

' 3
= /5:3Q + CO3
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M L (g )
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Iy Jter'ms o(f the physécad s
Z. 87 the part of L.1th

the fneutraé Interactlons oj Cfemlms
can be wrlttemn as:

€m. 2 Y.
L-:L,Nc. = 6, .J/; Qﬂdf"' Eo _3;4 _Z

SL\/ZJ'{;;’? C = (aoéo E_ﬂolCoé
T 2 (T3 )

CM'!CI. _l.: = -J/:. - 45: :‘l‘; |
Thus/ the Zcoupu°»n35 to yer'mfons

W;?é! be -
%{R = (Talq - 5 (Qy)

.2 Y n
Wl th ‘j/; = !Z [go{ JLJI/JL 'f"gi f‘ﬁ%}
equiia lemtdy = Zf ,—9§£VJ§‘ ‘gofcl'f*ﬁ_w/
Jov

(g y,_'f'go?.’ M, (ga_ gog))



Amacogousdy, ome cam wré
the charged Co'mPOﬂe"nt

Wa v
4,cc -"—%{ /-W +j;w )

A ot 41 8
where I e Fai T =
_ { ‘ -
- ?[%U%H-ﬁ)evc%u&«-ﬁ

T he (Fer'mbon - g.bosons £nberactions
To LowesT _order, corresponding
o Jour fermiom Processes of

{hQ Kzncl (

L

\5\
W?Af <j' ! W?/f

e g0
widd depend at this order
on. Lo, o, Moz-) Mo
( we assume that Zn the unitary gavg
tmafre . Feynman rules are valdid,

f’ i



B (y rom the expre sséons 0;
qb. masses ome has >0V

y R

Mou/ _ :
O

that s more COfn'U‘e'nZe'nt(y wirssten

(A
Mou’ - 4. .

M
“The reyore ome can ediminale one
of the 3 paramelers eg. c.>s
amd retain, to deserlbe 4-férmz’on
processes at tree teved, the sel

(eg.) €, Mow, Mo, (vathe time?)

The edlminatlion of one parameter
Ls dve To ‘fhf_a Xor/mal Ldentity
Po = M _ = J—

C;le&
that Js pecvéiar of the MSM. I n
fact | it £s mol compdetedy accidenlal

PN
Co
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A better way of vnderstanding £
£s To comssder the " mathematZc
(44) edement of the mon-dlagomad 2x2
mass matriy Zn the (Q(’, @:) bases
= Mas, = g’.t goz = C;Mozl.‘
Them ome can adternatlvedy def&e

oEM_ :.’L
o = g

and this /s a comsequemce?ff
a residval SU(2) g Lobal "custo'kc‘dt.'

5)/4nmetry of the scadar polentiad
after SSB ([r the's ﬁasg,r\g{{ected
‘nto the fact that (Q/J,(ij,(a, appear
.syfmme_trlcaa)/. im L_a,n). |

(a more general proof excsts )



SM predictives 1tn

E——

Trom “he prevcousl/ deféned 8!‘
._»agrange’afn one can aZread/ |

maxke a mumber of "“tree

lovel Predd'ctc°o'rn5, e.q. gor leﬂa?

Sénce several uUnkmown paramefcrs
are /mvo?ved one has to choose

a spea//"c ‘optcmal " strateg/

The latter ¢m turn c's)almost
U'na_voc'dabl)// relabted To -the

ovallable ' experémemtal
facc“l ftce s .

~ 20 years ago, the approach

was  The (fo?ha W »ng



:D Consc'der the undam;
equallty (“treelevel” o

G - [4] (oo

Yowest order* SM r:arameters e‘npl!ed )
as predcct/on Por M.

Hf:@i}’chc‘fs “Yowest order * calcul atcon
: e = 4!'1'0(“3 y a‘ﬂC( gne g?fS‘:
(trae) ~ T

M, - 37 2804 .. GeV
o
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As @ b/ é voduct Of bhe

prevcous derlvatlon :

- 2
e = ._ﬂ___ - A
V2 §Hu" 2u*

H

2™ Ver
(v “scale ™ o f Sy2), x Uty

BREAKING ).

p—) 7— = _/ A ~ 25OG¢V




@ Conscder the tree Z "
Cdemtlt y

7 (aee)

(Hene ) (taee)

()

=]
0 (1ase/
as a “,oredc’cﬁc‘om dVor f{g :

-

a——
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(Haee) - (lase) B
( M 2 B == Mv/ =
)

__C;B;.

| _ 37 9904 ... GV {

(éw Chf)z:'m)
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M) Measvre Sw (Cuw) from
| a svitable expen’ment.

@ Gcve  mumbers jor M, Ms =




= fhefh coves

C‘F@“@d M ? wa‘f
* ¢he (p‘f"ed@"@ fod  messes.

\

¥ gp—

(

( : gpectacular P aad rreclcéfczy\

-

+undamental ior the's orf{&'ﬂaz
approach s Cheose a  svtiable
process to "measure’ Sw.

Whech process was sycbaple

n 20 vears age ?

Imﬁﬁu?éc"vely’ ¢ process 'ﬁhat was

cl f:f/ erent l/ descrébed b)/ Torme th. and M




At tree lewel , the relevan '
df'(fference comes iroh‘#&

F

_2 chhmge e.q en a(fgz_{_c
f@f’lﬂc"Oﬂ process' i""cﬂgﬁ*{ﬂ'

( “mevbral * current gmphs
| g P J

hd &' 2 J! {
B Tk
I m (oa'rt(fcular‘ s the wvertex
>V,.......é._.~ ’s mol a”eqre'nj
Y,

m Tormd + GE ) .

=) typ«"c.a.?lX 2 the hrocess
\%Vf;:\ 1//..8— c'?s g?.ZoweC( hysH,
Ty hut NOT by Ferméilt!
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Also, P’f ocess Llxe
Ve 2 — wu e
Cs  df f(fe remtl y  parame (M’eea[

n o Ferme-1lxe Ccl\argec(
current ) {:c’cture amd ¢ the SH:

TR

~ Forme-leve P

~S M n.curr”

I m (facf the (fcrst hcstor)/cal
(/memorable) Cndcrec b evlclence

for a “SM-2ce pccﬁure
came jru'm the observabcon
of mevtral curreal evemls (n

Y- hadrens at CERN kyGargmne'l?e

N mennt A4 )




Ther, J fve  years o

Confvsfo "

( Megatc've resylt. ¢n .search'

0/¥ meutral curremt 'e'fec‘bs
n ab‘om_s -~ Q(:Om(’c 7%17’ V(olatcbh,

APV - at Claremdon lab. [Clt/orc( )
unt 1 1978  when

C Trescett ot al.

/ SL'HC Sfam ord)/B

by scaﬁ@rcm] o ]
/L_MC! T )l&ﬂuy TULARIZED

e(frons on deu t‘erun.s

& (/, Z mfc fceof. /néutral CurrPnf qf/ecfs
Lv \/.fmr/ nny /’{/IIA". /(’)dr- Y‘Or’ﬁnﬂ Enﬂrﬁp({. )




N3.

Lo'ngt'f;uc(cna.l o (&) polareall
s key- pocnt &n the SM

scnce Q«.,ﬂ covple déffer tlz
to the Z Cand equally tifhey)

=) cm the SM Ehere wll be
mon 2070 Zanj, polar. asymmelrcs

(~ Ve Y )
Ve, + Ver

Fro m {928 1o 4983 ¢

several m. curr ekpercrme'nfs
lecd ng b anm averoge valve:

S (1993) ~ 0.22 #0072

TAUQ at the /oe cfnwfmj 0/ /%3
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M. (792 3) Ge
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e e

T m 195’3/ at the end of a
me morable  search, the VA4
coNaberation led by C Kubbia
at CEXN f{oun | expercmental

¢
ew."demce (;for ﬁhe ex&:ﬁence of
W, 2  wlth a mass ((f__{;_ﬂ_.g_b valves):
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calcvlatlon ( and veriy(%'a beon /
0 f next  order perturbatéve
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