
 Inputs



 Z  Peak Asymmetries

 Sensitivity to Higher Scales

 Standard  Model Fits: 



 Higgs Search

1 2,Z f f W f f→ →

HM

,e e W W e e Z Z+ − + − + −→ →
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Quarks Leptons Bosons

photon

gluon

Higgs

up down electron neutrino  e

charm strange muon neutrino  µ

top beauty tau neutrino τ

e

µ

τ

Z0 W ±
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Standard  Model Parameters

QCD: ( )S ZMα 1

EW  Gauge   /   Scalar Sector: 4

2, , ,g g µ λ′ F, , ,Z HG M Mα, , ,W W HM Mα θ
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INPUTS
( )

( )

5 2

1

1.166 371 0.000 006 10 GeV

137. 035 999 710 0.000 000 096
91. 1875 0.0021 GeV

F

Z

G

M
α

− −

−

= ± ×

= ±

= ±

[ ]Exp: 8080. .3994 Ge 9V 0.023WM = ±

2 2

2
2

2

sin
2

sin 1

W W
F

W
W

Z

M
G

M
M

π αθ

θ

=

= −

2sin 0.212Wθ =

( )1 2 128.93 0.05ZMα − = ±

( )79.96

( )0.231

µν

W

µ−

e−

eν

g

g

2

F 2
W

g
G

M
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The Photon Couples to Virtual              Pairsf f

1 2 1 2 1( ) 137.035999710 ; ( ) 128.93 0( 09 ) . 56 Zem Mα α α− − −= = = ±

(           and            contributions included )l l− + q q

Vacuum Polarized Dielectric Medium
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, , , ,eW e v v v d u s cµ τµ τ− − − − ′ ′→

Ccos sin
sin cos

C

C C

d d
s s

θ θ
θ θ

′     
≈     ′ −    

Universal                 CouplingsW llν

Experiment: ( ) ( )
( ) ( )
( ) ( )

Br 10.65 0.17 %

Br 10.59 0.15 %

Br 11.44 0.22 %

eW e

W

W

µ

τ

ν

µ ν

τ ν

− −

− −

− −

→ = ±

→ = ±

→ = ±

( )Br 10.8%lW l ν− −→ ≈QCD: ( )
1 3.115C

s ZM
N

α
π

 + ≈ 
 

( ) ( )
( )

1Br 11.1%
3 2all C

l
l

W l
W l

NW
ν

ν
− −

− −
−

Γ →
→ ≡ = =

+Γ →

W− i, dl−

j, ulν
j , ;u u c=
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LEPTON   UNIVERSALITY

e

g
g
µ

g
gµ

τ
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K K

W W

eB

B B

τ µ τ

τ π π µ

τ µ

τ µ

τ τ→

→ →

→ →

→ →

Γ Γ

Γ Γ

1.0006 0.0022

0.996 0.005

0.979 0.017

1.039 0.013

±

±

±

±

/g gτ µ

1.0018 0.0015

1.0021 0.0016

1.004 0.007

1.002 0.002

0.997 0.010

±

±

±

±

±

K K

K K

W W

e

e

e

e

e

B B

B B

B B

B B

B B

τ µ τ

π µ π

µ

πµ π

µ

→ →

→ →

→ →

→ →

→ →

/ eg gµ

W W e

B

B B
τ µ µ τ

τ

τ τ→

→ →

1.0005 0.0023

1.036 0.014

±

±

/ eg gτ
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Z

f

f

( ) ( )
( ) ( )22

inv invisible 2 1.955
1 4sin 1W

l l

ll
N N N

ZZ
Z l l Z l lν ν ν

ν ν

θ
+ − + −

Γ →Γ Γ →
≡ = = =

Γ → Γ → − +

, l lZ l l v v− +→

( ) ( )2 2
vl lZ l l aΓ → ∝ +

Experiment:

inv 5.942 0.016
l l

Γ
= ±

Γ
3.04Nν =

( )1.989

(2.99)

2.9840 0.0082vN = ±

µ
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Z

f

f

W −

W − l−

lν

id

ju

2.09     8 0.048 2.4952 0.002Exp: 3

2.09 GeV , 2.48 GeVW Z

± ±

Γ = Γ =

, ,eW e µ τν µ ν τ ν− − − −→
3

6 2
F WG M
π

Γ =

,W d u s c− ′ ′→
3 2

6
V

2 Cj
W

i
F N

G M
π

Γ =

(q = u, d, s, c, b), , q qi iZ l l ν ν− +→

( )2 2
3

q; 1v ,
6 2 f f f Cl

F Z Na
M

N
G

NN
π

== =Γ +
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{ }
2

2 2
f f(1 cos ) cos - (1 cos ) cos

8
Ad

d s
N B Ch Dσ α θ θ θ θ = + + + + Ω

, Z f fe e γ+ − → →

e+

, Zγe− f

f

2

f
( )

1 ; 1 ; 1C
Z

ql
s M

N N N h
α

π
 

= = + + = ± 
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2 2 2 2

2 2

2 2

2

2

f f f

f f f

f f f

f f f

1 2 Re( ) +

4 Re( ) +

vν (v ) (v )

v v

v (v ) v

v v

 8

2 Re( ) + 2

4 Re( ) + (v )4

e e e

e e e

e e e

e e e

A a a

B a a a a

C a a a

D a a a

χ χ

χ χ

χ χ

χ χ

+ +

+

+

= +

=

=

=

2

2 /2 2
F Z

Z Z Z

G M s
s M i s M

χ
πα

=
− + Γ

f

f

e− +eθ
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, Z f fe e γ+ − → →

e+

, Zγe− f

f

f

f

e− +eθ

f f

f f

( ) ( ) 2

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

F B

F B
1 1

( 1) ( 1)

1 1 1 1
F F B B

1 1 1 1
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3
8
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3
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N N N N
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D
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≡
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+
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FB

Pol

Pol
FB
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2

2 2
f f(1 cos ) cos - (1 cos ) cos

8
Ad

d s
N B Ch Dσ α θ θ θ θ = + + + + Ω
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2
Z(s = M )Z Peak

f
22 f; ( f f12 )
ZZ

e Z
M

σ π Γ Γ
= Γ ≡ Γ →

Γ

f f
3 3
4

( ) ; ( ) ; ( )
4e es s s= = =         Pol

FB Pol FB

L R

L R
f;( ) ( ) 3

4es s
σ σ
σ σ

−
≡ = − =

+
−   LR

LR FB

f f
f f 2 2

f f

2 v
v

aA
a

−
≡ − =

+
Final  Polarization                                              Only  Available  for f = τ

l
21v 1 4sin 1

2l θ= − +  Sensitive to Higher Order Corrections
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Sensitive to Heavier Particles: TOP ,  HIGGS
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Evidence of  Electroweak Corrections

12( ) 128.93 0.05ZMα − = ±

Low Values of   MH Preferred

July 2010                                LEPEWWG September 2005
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LEPEWWG      September  2005( ) ( hadrons)bR Z bb Z≡ Γ → Γ →

Bernabéu-Pich-Santamaría 1988
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Heavy  Quarks (Leptons) Favour High (Low) MH

(172.7 2.9) GeVtm = ±

700
186(300 ) GeVHM +

−=

LEPEWWG  
September  2005

12( ) 128.93 0.05ZMα − = ±

The Standard Model                                         A. Pich  - TAE 2010 



LEPEWWG             July 2010

mt = (173.3 ± 1.1)  GeV (CDF + D0)
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114.4 GeV 158 GeV(185)HM< < (95%  CL)
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LEPEWWG  (July 2010)
CDF / D0    (July 2010)

MH ∈ [158,175] excluded (95% CL)

H → W+W−



e e W W+ − + −→

Evidence of  Gauge  Self-Interactions

W −

W +

, Zγ

e−

e+

W −

W +

e−

e+

eν
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e e Z Z+ − →

, Zγ

e−

e+

Ze−

e+

e−

Z

Z

Z

?

No  Evidence of            or couplingsZ Z ZZ Zγ
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Searching for
the HIGGS

Branching  Ratios Total Decay Width
D. Denegri

Interaction proportional
to mass 2 2( , , )W Z fM M m

The Higgs decays into the
heaviest possible particles
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ATLAS
CMS

The Large Hadron Collider
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March 2006 LEPEWWG                   July 2010
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LEPEWWG  
July 2010

The Standard Model                                         A. Pich  - TAE 2010 


	Número de diapositiva 1
	Número de diapositiva 2
	Número de diapositiva 3
	Número de diapositiva 4
	Número de diapositiva 5
	Número de diapositiva 6
	Número de diapositiva 7
	Número de diapositiva 8
	Número de diapositiva 9
	Número de diapositiva 10
	Número de diapositiva 11
	Número de diapositiva 12
	Número de diapositiva 13
	Número de diapositiva 14
	Número de diapositiva 15
	Número de diapositiva 16
	Número de diapositiva 17
	Número de diapositiva 18
	Número de diapositiva 19
	Número de diapositiva 20
	Número de diapositiva 21
	Número de diapositiva 22
	Número de diapositiva 23
	Número de diapositiva 24
	Número de diapositiva 25
	Número de diapositiva 26
	Número de diapositiva 27
	Número de diapositiva 28



