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Standard Model

QCD: as (M)

EW Gauge / Scalar Sector:

g1g’1/’121l a1a/\/1MW1MH
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The Standard Model

Parameters
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INPUTS

Gr = (1.1663788+0.0000007) x 10° GeV

o™ = 137.035999 084 + 0.000 000 051
M, = (91.1875 +0.0021) GeV

M2 sin?@, = =%
W 6(N \/EGF
MZ
2 W
sin“gy =1-—-
M;

M, = 80.94 GeV  (79.96)

sin“q,, = 0.212 (0.231)

The Standard Model

at(M7) = 128.95+0.05

_ g H
H —)—o/
g e
. W
0] _
GF Y —2 Ve
I\/IW

[ Exp: 80.399 + 0.023]
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The Photon Couplesto Virtual ff Pairs ~

Vacuum Polarized Dielectric Medium -

ot = a(m?)? = 137.035999084 (51) ; « (M2)™ = 128.95+ 0.05
(171" and Q0 contributions included )
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) ,d | W >e Ve, Vv, tV,dU,s'T
W
AYAYAYE S (dj ~(cosec sin@cj [dj
B : ’ ’ s’ —sing. cosd, ) | s
V| U .
J
W™ -1,
Br(W™—17) = ( ) o1 11.1%
r'(W-—all) 3+ 2N,
QCD: N {l + %} ~ 3.115 Br(W‘—>I‘17|) ~ 10.8%
Experiment: Br(W™- —e %) = (10.65+0.17)%
Br(W™ — 4 v,) = (10.59+0.15)%

Br(W™ > 7, ) = (11.44+0.22)%

Universal WIly, Couplings
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LEPTON UNIVERSALITY
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GridiG2) GUE

] Uzt

LT

9,/9, |
B, ,e 7,/7. | 1.0006+0.0022
| YA DN 0.991+0.004
T ,k/Tks, | 0.982+0.008
By../Bw., | 1.039+0.013

9, /9|
B.,/B.,e | 1.0018+0.0014
B,,./B.se | 1.0021+0.0016
Bk _,./Bkse | 0.996+0.006
B e /Bk sze| 1.001£0.002
By ./Bwse | 0.997+0.010
9, /9|
B,,,7,/t, |1.0005+0.0023
Bw_./Bwe | 1.036+0.014

The Standard Model
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— |+
) f Z —> |71,
AVAVAVS
B [(Z-11) o« (‘v|‘2+ ‘a,‘z)
f
Ly _ D(Z—invisible) —  T(Zoww) 2
Iy - Z—>1"1 . F(Z—>|+|_) : (1_4sin2QN)2+
Experiment:
Linv _ 5,942 + 0,016 N, = 3.04

1_‘II
N, = 2.9840 + 0.0082
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e'e >y, Z>f1t f

— _\9 +
e>~ N <f —
. _
e f f
dG _ CZZ 2 2
T { A (1+c0s’0) + B cosd - h [ C (1+cos’0) + D cosé ||

MZ
N1 NN d1e &MLy
I q C T f

A=1+2vy ; Re(y) Hv +a(v ; +af |Z|2

B = 4a.a Re(y) +8veav;a, | Ge M2 s

X = 2 -
227 s—M2 +isT, M
C= 2vea Re(y) +2(2+ad)v;a; |4 ’ o

D= 4av;Re(y) + 4vea, (V2 +a?) |z
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e y,Z f g O
9+/ < f —
f
dG a2 2 2
T { A (1+cos’0) + B cosd - h; [ C (1+cos’0) + D cosd ||
A (5) = Ne—Ns _ 3B
BT Ng+Ng 8 A
(hg=+1) (hg=-1) 2
o — 0 C Ao
Pol ( ) G(hf:+1) n G(hf:_l) A 35S f
g o NN NG NG 3
s () = NN TN N T B A
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Z Peak (s = M3)

127 I, T _
R . Ty =[(@Z—>fT)
M; I3
3 . . Pol 3
AFB (S) — Z 7De 73f , APoI (5) — 7Df , AFB (S) = Z 7De
o, — 0 3
ALR(S) = — - = -F : ALFE(S) =-——h
o, + 0oy 4
. . AE:" . _
Final Polarization & =-A; = 5 5> Only Available for =%
ve|” +a]
v | :% —1+4sin’d < 1 R Sensitive to Higher Order Corrections
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Higher Order Corrections

Sensitive to Heavier Particles: TOP, HIGGS
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Evidence of Electroweak Corrections

LEPEWWG
O 233 July 2010

1 | I T T T T T T T T T
tl m=173.3+1.1 GeV [] m,= |‘I72.T/’ +2.9 GéV
m,= 114..1000 GeV 1 ] ..My=114...1000 GeV

68% CL

-0.041

0503 -0502 -0501 -05

9al
a(M3)™ =128.95 + 0.05

Low Values of M, Preferred
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R, =I'(Z — bb)/T'(Z — hadrons)

0.217
0
Rp
Bernabéu-Pich-Santamaria 1988

Measurement

B AeyS) _

] Ad® = 0.02758 + 0.00035
o= 0.118 £ 0.003

- m,=114...1000 GeV

The Standard Model

LEPEWWG

68% CL

95% CL
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LEPEWWG

SM
R =Sy S

i
il
“I'llllln. || Mty

'ﬂllll

m, = (172.7+2.9) GeV

&8

e
F
=

M, = (30077%) GeV

)
B

68.3 95.5 995 % C
0.14 0145  0.15
A|

Heavy Quarks (Leptons) Favour High (Low) M,
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LEPEWWG

July 2010 July 2010
T 1 U U

T _ .
1 — LEP2 and Tevatron (prel.) — High Q" except m,
68% CL

--- LEP1 and SLD
68% CL

m, (Tevatron)

Exclrude‘d‘ L
10 10°
m, [GeV]

m,=(173.3x1.1) GeV (CDF + DO0)
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X
LEPEWWG (July 2010) g«'\‘

July 2010 My = 158 GeV

(5)
Aa‘had =
— 0.02758+0.00035
i == 0.02749+0.00012
4 «=« incl. low Q° data

Preliminary

114.4 GeV < M, < 158 (185) GeV

The Standard Model

CDF /DO (July 2010)

Tevatron Run II Preliminary, <L>=35.9 !

Tevatron
. Exclusion

LEP Exclusion

[
=

Observed
+1o Expected
+2c Expected

95% CL Limit/SM

SM=1
<«———Tevatron Exclusion July 19,2010

100 110 120 130 140 150 160 170 180 190 %00
m,,(GeV/c")

100 110 120 130 140 150 160 170 180 190 200

July 19,2010 m,, (GeV)

M, € [158,175] excluded (95% CL)

(95% CL)
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e"e > W'W~

e - W 17/02/2005
PRELIMINARY
Ve
+
e E
e W~
YFSWW/RacoonWW
Z \
Y 3/ _...no ZWW vertex (Gentle)
o P _...only v_ exchange (Gentle)
e’ w+

Evidence of Gauge Self-Interactions
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| EP PRELIMINARY

ZZTO and YFSZZ

v 180 190 200
Vs (GeV)

No Evidence of yzz or zzZz couplings
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200
My [GeV] D. Denegri

Branching Ratios

Interaction proportional
to mass (My , M7, m)

>
®
S,
T
—

The Higgs decays into the
heaviest possible particles

The Standard Model

Searching for
the HIGGS

Decay Width

200
My [GeV]
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Quarks

Leptons

A

N 77

up down

s

electron

7

neutrino e

Y
{4
.

muon

-
neutrino p

begu’ry

T4

neutrino <t

The Standard Model
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Standard Model Parameters
QCD: as (M,)

EW Gauge / Scalar Sector:

9,9, #°,h < a,6,,My,,M;, < a,G-,M,, M,

Yukawa Sector;

ok

4'4

f me1 mlul mz‘

@ mg,mg,m,
U My, M, My o (T

6.,0,,0,,0

(+ Neutrino Masses / Mixings ?)

TOO MANY |
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r(d, »>ue ) o« [Vv[ "l

We measure decays of hadrons (no free quarks)

Important QCD Uncertainties
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i CKM entry Value Source
J Vi | 0.97425+0.00022 | Nuclear S decay
—— 0.9746+0.0019 n— pev,
— 0.9741+0.0026 mt > rletv,
- — V| 0.2246+0.0012 K —>reV,
0.2164+0.0031 7 decays
 — 0.2259+0.0015 K/z— uv, Lattice
—~ 0.2244+0.0012
SO V| 0.230+0.011 vd —c X
0.229+0.026 D — 7l v, Lattice
- V| 0.985+0.104 D — K v, Lattice
e V| 0.0387+0.0011 | B—D"/DIV,
—_— 0.0415+0.0007 b—cly
- 0.0406+0.0013
] V| 0.0034 +0.0004 Bozly,
. 0.0043+0.0004 b—uly,
—— 0.0039+0.0004
] [Vio| /o Vi >0.89 t—>bwW/qW
—— [Vip | >0.74 ; <1 pp > th+ X
: : : 2 ") = 2.002:+0.027
Vol” + [V |V = 09995200010  X(|Vig| + |Vy[ ) = 2002x0.
J
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QUARK MIXING MATRIX

O N. x Ng

V-V =Vvi.v =1

V.  Physical Parameters:

% Ng (Ng — 1) Moduli

parameters

Vi —> €

The Standard Model A. Pich - IDPASC 2010
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© Ni=2: 1 angle, 0 phases (Cabibbo)

cos . sin 6,

V = { _ No C/f?
—SIn 6.  COos 6,

e N;=3: 3 angles, 1 phase (CKM) C;=C0s 6, ; s;=sino,
_ L6,
C12 C13 812 Cl3 813 €
1) 1)
V = S5 Cp3 = Cp 5355 € . Cip Co3 =515 55353 € . Sy3 Ci3

ss—ccsei513 —cs—scseig13 C..C
12 ~23 12 ~¥23 ~13 12 ~23 12 ¥23 ~13 23 Y13

1-22/2 A AA (p-in)]
~ ) 1-422  AA? + (’)(/14)
AL} (A-p—in) —-AA° 1

A~sing, ~0225 ; A~081 ; +p’+7°~0.37 0,720 (7 #0) C/>
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C,P: Violated maximally in weak interactions
CP . Symmetry of nearly all observed phenomena
Slight (~0.2%) ¢P in K° decays (1964)
Sizeable ¢# in B’ decays (2001)

Huge Matter— Antimatter Asymmetry

In our Universe Baryogenesis
CPT Theorem: CP T
Thus, 675 requires: = Complex Phases

= |nterferences
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2 Interfering Amplitudes

C/’lS Signal

I'(B° - JyK,)-T'(B° - JlwK,) . 0

I'(B° - JyK,)+I'(B° - JyK,)
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Vudvb +Vcdvb "‘th Vﬂ: =0

l fitter

ICHEP 10

sol. w/cos 2f<0
(excl\at CL > 0.95)

Ts]
=)
(=]
A
|
Q
(]
[}
=
O
[
i
o
o
[T}
=l
=
Q
frd
«

7=n (1—%11 = 0.358+0.012

pD=p (1—%11 = 0.132+0.022

a=87.8£3.0° ; =2242+0.74° ; y=69.8+3.0°
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Neutrino
Oscillations

http://hitoshi.berkeley.edu/neutrino

< _CHORUS
NOMAD

>0—@0—090 650

—>» 'VN —_—> Vo _—> ‘\-"H —_—> Vi

neutrino trajector

Lepton Mixing

Ve ., CP 7
NEW PHYSICS

All limits are at 90%CL
unless otherwise noted
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Neutrino
Oscillations

Gonzalez-Garcia, Maltoni, Salvado, 2010

107 eV?]

NORMAL INVERTED

2
21

Am

Am5, = (7.59+0.20)-107 eV*

0 0.07 002 0.03 0.04 0.05 0.06

: Amd,| = (2.43+0.13)-107° eV?

sin” 0

sin°(26,,) = 0.87+0.03

107 eV?]

2
31

sin°(26,;) > 0.92 (90% CL)

Am

0.01 0.02 0.03 0.04 0.05 0.06 sin2 (2913) < 0.15 (90% CL)

.2
sin” 0

13
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THE STANDARD THEORY OF SuU

FUNDAMENTAL INTERACTIONS (3)C @ SU(Z)L @ U(l)Y

Electroweak + Strong Forces

Gauge Symmetry Dynamics

3 Gauge Parameters: aS(MZZ) L a, Q,

All Known Experimental Facts Explained i

Problem with Mass Scales / Mixings: »
- 15 Additional Parameters

- Why 3 Families ?
st - Why Left # Right ?
-Why my > M, 2
- Does the Higgs Exist ?

- Flavour Mixing
- CP Violation
- Neutrino Masses / Oscillations
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