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T o e T ) B (=) = ﬁ_(v—u\)
Covariand  devivahive desvm: |
25 (80" E) = 5 (0 h) (B, -i5TA7)

(B i) (V)



@®

= '2,: (?ulﬂ)z -+ —%—t (D' \/-l-h)(AAngAﬁ ‘A)L) V+Iq)

= (k)" 4 %" (v+h) (A0 + (4> +(A2)")

i

2 VT a- h %=

1O L (B 4R (14 k)

We gek  three wmassive vector basons with masSes
i

=_%~_~ . (9 massless  Goldsfones gk eattn )

TThis s almoest like He SM ' 2 passive yecdor basons

b_uA' 'lﬂ SM Yy £ mz and aJ.-_S'D oneg. ma_SSI.L.SS 6011»\,{
(andk eight  massless Jlons)

SM Laﬁfanﬁ’{@

We are now rma[b, to pote down . SH L@m

Need v specifvy the gqaunge group , e d.o.f. (%.-.!As)
m\& Y- F‘%oam}\wa Mumbe%rsr)

Ga.\u}z 5mqr2 SUL(’;)C_ X Su2),_ X U(’DY

My —

RCD El\ectoweak
Colov) (L= l-e.-H, M= h-“oudfw\ry.__)
Feld Panha nowbers  ( SuBley Su@y, ULy

—~ L

i Wy 1

*—*’(ol:) (%,%¢)

< 2

Lr (3) Ly * ’5')

de (3t~



3 vV
() (1,2, %)
e.'i o (1, L, ~ ‘()
[:v,g Cr, 1, o) ]
-+
EH-—-—-— (Eo) (112,-%_-_) Seceder H:‘g«,sj(“.dd
(same a5 F)
L labels geperatlon (1 =12, 2) . 2 _copies o-ﬁ each
f\bld wl_Same cﬁu.nmdvm mumb@i’-‘/ Avffecent haass
G_m‘a'@ bosons : 7 A
5“(5)(; : ﬁluo:- :ﬁ.io/[c] ﬁ?ﬁ @:ll_-’ 57)) &33
Sufz) W [(a=1,23) 9
Wl B 9!

Lsm = .cf_gmgz A ST ST T
igmeyf = - %Tr(%.,wg”*”) - 3T (Wap W)

- @B, p
Lromi, = 2  FiBY

J%ims\\’
Lscaar = (%Y (%K) = V(W)

V(W= - i -2 (Hh)



First consider sealar Lagrangian:
Work in 'u“;hmj qang e : H=-r';_( v:.\,) , = lF-‘-i_—:
Covaviant dovivahive dfevm .

DoH= (4 +id o ws+EB. ) H

3\Mz +3'B ‘}(W'—:‘WL)
-:.-(g)_-l-i%((}::k_ ;“ [j. ))H
JiW, HIWT) =g W, +§'B,

L 0 .4 Q(W;—I.WL)
Tz (’r}.h) g 2 (V+l“) (_.}W;_*}f;h
l

(BHY (D2H) = 2 (Bh)" + _%j (v (W, )Y+ (WD)

2.

8 % < (v+h)* (3w, -9'8.)

Pefare Ni = 15 (W ziwy)
2, =
A = 3B W)+ 5B B

cos Bw \!\J}f = 5inOw B

where "I"dmew-'-? %J/g_

Si'm Ow
= %’I = %'—}qﬂew = ac:bxgw

3 »
3 W0 =% B = G- 28, )

.
cosbw z/‘L



I z 22 + - h
DutpaH = 4N + N wiwT (14 3)*
L g'v® hy2
M T S
ol i 2 Y2 =t hyz
= 20N+ mw WIW 1+
Zz P
+4 “2%#(1*—@
_ & = 47
Mw_= 2 g = 20w
N M o Dol _ ma
cx = ME “rhe PE

Thew,  we have F:i in SM_ (ak Hrec-level).,

Node: Ay remains wassless —s phobon fredd
SU@Lxuldy = UlDey,

Neowd, consider Fermion derms :
L germ= %q—’iﬁq’
G; i(F+ T 2owws +i9'¢8 3, +1 3 PR 0,
wl i(F+i9'3 B,&i%’. P 3% Juk
W dg i (BFiF[3)B, 40D oAgh e
f T (B rig(4)B 4 T dotwn )LE

f & (i B ) o



a +¢4f,.._g afe. -!ﬁg_ usval Wnebc derm s e.9: Fbr%uqfk&

52..3@{._4-11;.2‘(,&; +daBah ‘ ‘
= WAGul « A BALr HpBue +daBdy
= B2 @ GLFut + 4Tl
. . A——— A—
jluoy\ Wm&-’@ _.95 gi (R‘Xﬂ'“az—_ M."-(-AIB/A-RE-D{")

Electpweal interachons: \U-'tl 2.] ‘/ mterachent

C\nara‘ud circent  \nterachions (w-":' ahlj)

Too = (B 0D (i Vel

" L_L \_) (K‘Lul)?_)ﬁl;‘ﬂz) L
:—-%(EL)EL) Alo"' KC':)((LL-L)

Newtal corent intemmctions (B2 only)

Lo =oat (2 —m)"—-(‘; )) e
(29 BE) W - T (49 E)de
ST (e 2 (L 8K



D

3

,]5}& = —SUJ:Z'-'F.'\'CWA'}‘_

GW‘J/ 2% ;gfxmions ¢L:w£

Ty = - (eﬂ(cwé FSulMY+ Y (~sut +udk) )Y
e (9'Yr (~sw2 +au A D%

Yo, e = hvjpwdww-gp_ of LH, RH compornents (e.:),‘l’q),_s 3“'&;
Ter= 2 S vpper | lower comporant of  Su(a), cevbled-.

:f”" = = $ﬁ { (3T2Sw +3' YL G AP + 3'Yacw A Pe

+ (g Tacw — @g,"{l_sw) Z P — g'Yg SoZ P,JLP
= -V {-@ gswﬁif ((TyrY )P + Ye Pte-)

+ %@(( €Ty (1-55) ~Yisy ) P+ (-YeSs 7P«)¥jt,)
\__Y——/
Ta— (T +YC) S

Note i we Yave chosen hyyeages such tot T +Y =Ye.

f=ou ATk

&, =0 .



ED

| T e - S

.\aoﬂc = - e Wy \PA\'P - E%a yZ2(Ta & - QypSw ) Y
where  @=4Sw , @y is EM curqe in umitsef e,

Even 'Hr.ew‘ak we.  Stardedd with a  chiml -qur..ll £58 able
+ ass.'ah_oln_ar?c}_ such Mt onbroken DDepmy 18
not chicad  § aouflfé iy U Sval woy +v -)Q*Mfons.

€.9. for guarks se have -

Lo = —eQu a'Mul —e@y A'4d

-2 @'z (2h -Qusi)d -2 A2 (-2R -qusy) '

:F&rmggn mass -j-e—"mS : _‘P‘[" derms are j@féﬂc(p(e,, ‘7 j(ua.LSc/u.__.
but can be gemeraded via Yokawa jndeachon.

Fiest, need o recall Some SU(2) goup theory . Suppose ve
have -hvo 2.-'(DmPomM+ veckory (-Smolamm-lal reps) of SLL(z))
Aemo tecd "’L)\; Theve  ave  hum Wacs $ o m-}md—#m;,,

om  Su(1) - invariwd _way

T o+l y
”TH% o ME g where. € 7(-1 o) i
omntis ym. fen SO,
achy ZF‘ Sa(z), il
"Faf M .Su-(N)' "h\-'-/{_, Ore 2— ;"\_Va\:f"a#\"- Q\SQ{S - ’bLCCS_

S (Tdewtdy) 1 4 u‘liu -4uvlv-4
Ei‘ifl, C“ﬁlla'l; ke = Unf U= €
N indices,

= 0{9‘* (U) Efd'k .-
g

=-

Efﬂf- .-



Valid Yukawa (afeachens:

+ = - =T t_
H dg @ R wg &, EH ,Heg L,

Twvalid Yokawa indecachioms (wh?)
e = = T
de@ BH , H &e® | &l €H

E 3 Se-nc.rai YU.’—“WA intecachbn Can C._U[’le— anU, +a :FE-rmLOn
%«.nua;l"l%‘f L A(d H+

‘ — Ay —
';{Yvkawa = Y{u) Ug @l— 8 H - Yr "[R @‘—

(&)

—-YH+ L‘l' + h.c.

(w)

Sl ﬁfuﬁéu&(mh Y(d) Agol‘. (|+v)

(e
— Y) eg EL % (14 -—~)+ h.c,

wt_ "Lﬂ-\?ﬂ- mass 'l"*YHS bu-—‘l' in amm.ﬂ. 'H'\U-’ are. pot pl.;qﬁor\a-o
(D\‘aﬁona»\.flc_ Hiem La F'Cfogrm{ ng_ a_2x3% vofahlon in j&umﬂ""h}

.\U_e. Con diasona&fz_e_ o..rna C'm'“f lq(‘, S%uqre__p\@,ﬂfn'x b
U.Sir\.g e biUv_Li"l‘n:r_p) Fran Sformadon oher e -’¢J~_s“.\_'ng madaX
is diagonat I ceak ;, positive entries,

_PY’OO'FZ Iqyvave M“""’\}( M. Nol MM+ IS H”’V‘*\‘J"’an)
Aiagowadired [w} vm""“"" Paunshom .

¥ v 1
UMMy = M{ = dag. & positive.

_ .{{-.A,cc POJd\-n. Spuac reetd of eqcla A=y,
UM (Mtumy)= M enbry
A\



v is alse uui-l"ar'-]:
— -\ - —t
vivs Miut MU L =g gy = L

Assumes HA has nnzevo entries (Hj\ exists) ~> o Since
AL SM Leonons have ponzae majsses (cxccpf‘ Y, nﬁleckoo-)
Trool can  be am.»w'-fui -I-a case oF Lern moagses ﬁw-jucu-,S.

Write Yokawa Hems in madrix  Sorm:
= SR GY h
IYukawa= - hg M “ K, (I-t- %) - dKM al._ (l-l- 'T,.‘)
- eeM@e (14 'ull) + hee.

(“t"le)

MCu(alle.) - \r 5

"}. b4

ULL UL
WL = (Vlt ) = CL
Wi to

Wage nalie ug:% Ll-uni‘hu—‘j trans o r m ahien -

V - ]
'ﬁ: X2 ‘rha.:’"ﬂLeJ I )
Geverodien space. (1 5o2,3)

, ete. 3 - Compoanenf- vectors

\_—/

U+M(u) “U _ (u_)__ al (m(u.) m[u) m(u\)— mKMC )
e W = MU= Alag \My o, M, My ) Mt

Uu._, Uup_ ave L)v[(-"a.na‘ matrices ,
/
'-De-f-;‘ae ne :Fbvm:on S{QJGLS' (Ai‘) MR Su ch 'Hﬁif-
/
Ujp = uw.,g UL R

— 4
ig MW u = g m MLW

masy Jerms ave real & Alagewal.



S\m\lw ﬁar 0"“&# gq’&'ds
/ /
AL' = Udl..ﬂ. &ng ) el_lﬂ = ue.,_”z_ eL’ R

S\‘ﬂC{, "H"W& i3 no hevhrine Mg s 5 ’g'c.e. "fD ro{'d--k_ VL—
as we lLke: define V!  cuch fat

e /
Yo = U U

FR R
For all ;&rrﬂt'Ol‘lS q}:‘ ub) d ) e we have E

Lrdasa = = T My FY (14 5)

S\'nCc we've fe—ﬂle'f-'n&& -Ctrwim gcv'dd;) checle chet L&Prehj‘h
clﬂa\n}L& Y newhral currents.

D= —e QuTAY - 2 TE (B L-QusD) &
Cosidor W= w' . Al u have same Gu & T .
Loe = —e QuEihus + wl fub)
-3 (2l (B-Qust)ul - G2 Gusdul )
Now trans form 3= primed Felds (mass efgenstede. Ferods)
wh = WOy ¥ Ui Lk
- GiYH WS since u; Ue =1 (ontary )

Same- For g, A, €, Y. NC onchuged : Y



CSiace NC s d_i_qaoﬂdn in Oﬁéfnai bas¢s, [ TS aL‘ngd\»\a-Q ‘n

Hh mass  bagis ZI Y inderachon do nsf chang 2

e Flwvor of a frmien (gwu)g

| | _ R
Sec= - %?(ELFQ+¢ + V' Kel) +hec.
¥ [ — &
= -q—;-__'( II‘L(_U.T.,_)&-L WH (Ui die dL

_/: /
+ VL.J' (U;_)}L’J/\/-‘_(Uei_)tl‘ e]_'_‘_' ) +he

For quarle  CC interaction, ovniterry matvices lont oancel !

.l. VLLA VDLS VDLE
Ve fine matrix V= Uu-l..UdL._:.'_. Ved Ves Veb
Vi Vs Vip

"Cabibbo - Maslawa — "054_741&14: (ckrt) matr x "

’ /0y . \
g ) 4 s /
'fc:: = T %: ( A, WAL+ ?/‘,_b W-Feg +h.c,

CC interachin couples ﬁ.m/q of differet RBED Seneandions ().

Ferynman  nle:
e = b
e :
M = —‘_9-_. L. YA
"’"’<A*_ V'—;,V'olz{ FL_.
-+ v*
S < = =19 S YA P_
e? [



