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= Experimental Facts
= SU(2), ® U(l)y, Gauge Theory

= Charged Current Interaction

= Neutral Current Interaction

= Gauge Self-Interactions
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MEUTRAL  CURRENTS
e v, Z 72 Z Y
e*> <ﬂ+ e*> <17
L Aetu

¢ gy~Q| (Qe:Qﬂ:Qf : QV:O)

e Same ) Interaction for both lepton helicities

e Flavour Conserving U--ey

e NC Universality:
e Different coupling to and
e Left-handed neutrinos only

e 3 Families with light (nearly massless) neutrinos
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YES

YES

}5 and ¢ In Weak Interactions

CP still a good symmetry
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Left-handed leptons (Right-handed antileptons)

Doublet partners:

vy X > u X
Universal Strength
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CHIRALITY

: 0 | _ ?
Chirality Projectors: ve = iy°y iyt = [I 02] : (75) =1,
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w(X) = (P +P) w(X) = v (X) +wr(X)
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EXPERIMENTAL FACTS
K I M R
_ { (IV'jL, Vs IR} ; { (g:l (Au)r - (qd)R}

. {Left—handed Fermions only
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Flavour Changing:

v, L Flavour Conserving

(Family — Independent Couplings)

(V)R
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( Cielde | () 1w ()| wa(X)
(ﬁXJOJQ) ! Quarks [3:1 (e | (9d4)s
JJL/HP Leptons ( j V)n ().

Free Lagrangian for Massless Fermions:

SU((2), ® U(1),

Flavour Symmetry:

Ly, B iy
W]__)e 1 UL Wl W2—>e ?

— ylﬁ

Y5

n =V _ - o Vf
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The Standard Model
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a=a(x) ., Bg=pFK

. . iy, B(X)
Dﬂgylz[aﬂﬂgwﬂ(x)ﬂg Bﬂ(x)] vy, — € P
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CHARGED CURRENTS

Zj:i‘?j ?/ﬂDﬂWj -0 ‘)717/ﬂwﬂ v, — 0 B, Zj:yj Vi 7”%”]
G o 1 WP ovawp) _
Wﬂs?wﬂzg(ﬁ\;‘vﬂ —Wjﬂ] W, = (W +iW2) /N2
Lec = ‘F W | @7 Q-7)dq + 7" A-y)1 | + hc.

Quark / Lepton Universality

Left — Handed Interaction

The Standard Model A. Pich - ESHEP 2010



O,
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do exist:  Y(Vg)=Q, =0
Sterile Neutrinos
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W, = U, U/ : —

N | Qi

W), = 0,W, —a,W, —g el wlw}

1 v 1 A% 1 1% 1.5 A/
L, = —ZBW B#" — ETr(Wﬂv W) = _ZBW B ——W W L. +

ie cotd, {(0“WY— W)W, Z, — (@“W " = "W T)W,, Z, + W, W, (842" - 8Z*)}
vie {(6WY —aWH) WS A, — (oW —a"WHT) W, A, + W, W] (84A" - 0" A)]
2
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GAUGE
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SELF-INTERACTIONS
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PROBLEM WITH MASS SCALES
Good
Bad!

—4

Gauge Symmetry

M,, = 80.40 GeV
M, = 91.19 GeV

Moreover Ly, = —My

Also Forbidden by Gauge Symmetry
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