Standard Model Lagrangian Density

1. QCD (color SU(3))
The color SU(3) triplet of quarks
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Note that ¥ may be u, d, ¢, s, t, or b.
The eight SU(3) gauge fields = gluon fields
Al (x)

SU(n) gauge transformation
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where, \* (a = 1,2,...,8) are Gell-Mann matrices, and f® are the SU(3) group structure

constants.



The QCD Lagrangian
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Conserved color current
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and color charge
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2. Electroweak (U(1)y ® SU(2).): before symmetry hiding
The weak hypercharge U(1) singlets

neutrinos v(z) € {ve, vy, i} (
charged leptons  e(z) € {e,pu, 7} (=eL
up-type quarks  u(x) € {u,c,t} (
down-type quarks d(z) € {d, s, b} (

The negative chiral weak isospin SU(2) singlets

leptons lg(x) € {vr(z),e
quarks  qr(z) € {ur(z), dr(z)}

=
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The negative chiral weak isospin SU(2);, doublets

leptons l(r) = < Zﬁég )
)

quarks qr(z) = Zzgg
complex scalar fields ¢(z) = ( iz((g )
and conjugate fields gg(x) = 090" = ( :b;’:(xx))

The gauge fields
one U(1)y gauge field L W(x)
three SU(2) gauge fields : Wi(z)

Electroweak U(1)y ® SU(2), gauge transformation
U=U,®U,

U, = exp [—it%e(z)]
exp [—iT%*(xz)] on SU(2)L doublet

s I on SU(2), singlet
and
l=1UI'=Ul, q—q=Uq
W0 — W =w?+ 570, (x) 1
TWi — TW', = UT* WU~ + £0,T%"(x)
For SU(2)
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where 0 (a = 1,2, 3) are Pauli matrices.



The Electroweak Lagrangian before symmetry hiding

L =1iv"D,ly + Y lriv"Dylg + qri* Dyugr + X @riv*Dydr
+ (Do) (Drg) — V(¢) — 1Go,G¥ — LH ,, H" + Lyyana

where
potential V(p) = —p2¢Tp + A (qﬁTgf))Q
Yukawa term  Lyvukawa = Ce VL¢€R + éR¢TlL} +c, VL@VR + ﬂR@lL}
+cu [QL$UR + 'aRC/b\TQL} + ¢ [@L¢dR + CZRQbTQL}
and

D _ { Oy + ig't°" W) for SU(2), singlets
| Ou 4 i tOW) +igT W for SU(2)L, doublets

g, g : real coupling constants

t? : weak hypercharge

H, = 0,W,) —0,W)

Gy, =W, — g WiWwye

Wi, = 0wy —o,Wi

After some manipulations
L=Lp+Ly+Ls+ Lpy+ Lsy+ Lsp
Free Dirac spinor matter fields:
Lp = eind,e + viytO,v + iy d,u + diy"0,d
Pure gauge fields:

1 1
Ly = —ZW,Z,WQW - ZHWHW + Lyvy + Lyvvy

where

£VVV = lgEabCWa“VWSWS

2
['VVVV = —igzc‘abcc‘amW‘SWfWT“Ww

Interaction between matter fields and gauge fields:
Lpy =Ly + Ly

where

Ly = =Wojy = =W2 (¢1°1"1 + g'°q7q)

Ly = —Wejg = =W2 (gly" Tl + 907" Tqr)
Interaction between scalar fields and gauge fields:

Lsv =ig't*(0,0) oW — ig't°¢T(8,0) W +ig(0,0) T oW — igpt T (9,0) W=
—|—g2t02¢T¢W£*WO“ + igzqﬁwwg*wau _ g/gto¢TTa¢WS*Wau _ g/gto¢TTaT¢W£Wau*

Interaction between scalar fields and matter fields:

»CSD - »CYukawa



3. Electro (U(1)g) and weak : after symmetry hiding
Spontaneous symmetry breaking: chosen equilibrium (vacuum) point

we(2)
V2

where v? = p?/\.
Scalar field in unitary gauge

o) = ( - ) = ( o-+ota) )

Re-arrangement of gauge fields:

A cos Oy sin Oy WB
Z, )\ —sinfy cosby Wj’
where 0y is a real angle (Weinberg angle).
1
+ 1 — 1172 + 14 2
WM:E(W“:F@WM) and T% =T' +4T

and covariant derivative:

ig =\ L :
Du=0u+ 5 (THW,F + TW, ) +ieQA, +ieQ 2,

where
electric charge matrix: @Q = T3 + t°

neutral charge matrix : Q' = T° cot Oy — t° tan Oy

Note that @ and @)’ are matrices in SU(2) space.

The Elecroweak (U(1)g) Lagrangian
£:£D+£V+£H+£DV+£HD+£HV
Free Dirac spinor matter fields:

Lp=c¢elivtd, — M.]e+v [@“(‘L - M,|v
+a [iv*0, — My u+ d [iv"0, — M) d

where M., M,, M,, and Mp are mass matrices in family space.
Pure gauge fields:
Ly = —iFWFW - iZWZW + %M%Z“Z“
1 —ur 2 _
_EWLW w4 MWW:W #
+Lyvv + Lyyyy
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where
F,=0,A,—0,A,
Zyw = 0,2, — 0,7,
We =0,W;r —0,Ws
and

Lyvvy = —% cos by [2Z,, (WHW—" — WHWH)
— Wb (ZEW 7 = ZVW ) 4 Wi (ZPW Y — 2]
— 8 5in Gy [2F,, (WHW 2 — WH W)
— Wk, (AW = AW ) 4 Wi, (AP — AV 0]
Lyyyy = =L (W W, — W, W) (WHW Y — W)
+2c08% O (Z, W, = Z,W;F ) (ZPW Y — Z'WH)
+2sin? Oy (AW — AW ) (AP — AW )
+2sin Oy cos O { (Z,W,) — Z,W,1) (APW =Y — AV )
(22 W = 22W ) (AW = AW}

Pure Higgs field:

1 1 1 1
Ly = 3 (Ouo) (0"0) — §M12{U2 — %MIQJJ?’ (1 + 41)0>

Interaction between matter fields and gauge fields:

»CDV = Eem + »Cneutral + Echarged

Lom = —Augthy = — Ay (el Qil + 07" Qg0
Loentrat = —ZpJheutrat = —Zu (7" Qi1 + a7 Q)
Leharged = =W, J:i’;rged — W Jitarged
= —Zama Wil (my"V'ep +uy"Vdy)
— _mWJ (éLV/W“I/L + JLVW“UL)

where V' and V'’ are the CKM matrix and the MNS matrix respectively.
Interaction between matter fields and Higgs field:

1 _
Lip = ——0 (eMee + v M + uMyu + dMd)
v
Interaction between Higgs field and gauge fields:

1 2 1
Lo = (MEWW 4 S0M22,2") 2o (14 50



