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Overview

* The Standard Model - Structure, Motivation

* Vector boson properties
e / decay & width
W, Z production

e W mass
W width

Triple Gauge couplings

* Topics of future lectures in the framework of the Standard Model:
 QCD (Lecture 8)
e Higgs (Lectures 9 & 10)
e Top quark (Lecture 11)
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The Standard Model of Particle

* The SM describes our visible Universe by a (reasonably small) set of particles:
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The Standard Model of Particle Physics

* The SM describes our visible Universe by a (reasonably small) set of particles:

* The particles that make up matter: Spin 1/2 Fermions

Elementary Particles

Generation
1 2 3
u C t
Quarks g . b
Leptons Ve ! Ve
e U T
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The Standard Model of Particle Physics

* The SM describes our visible Universe by a (reasonably small) set of particles:

* The particles that make up matter: Spin 1/2 Fermions

* ... and the force carriers: Spin 1 Vector bosons

Elementary Particles

Elementary Forces

Generation relative
exchange boson strength
1 2 3
u C t Strong g 1
Quarks q
el.-magn. Y 1/137
W=, Z0 10-14
V Y Weak ,
Leptons e ! Ve
e U T Gravitation G 1040
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The Standard Model of Particle Physics

* The SM describes our visible Universe by a (reasonably small) set of particles:

* The particles that make up matter: Spin 1/2 Fermions

* ... and the force carriers: Spin 1 Vector bosons

Elementary Particles

Elementary Forces

Generation relative
1 ) ; exchange boson strength
u C t Strong g 1
Quarks q
el.-magn. Y 1/137
Weak W, Z° 10-14
Leptons Ve Vi 4
e U T Gravitation G 1040

... plus the Higgs particle as a consequence of the mechanism to generate mass
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The Standard Model of Particle Physics

* The SM describes our visible Universe by a (reasonably small) set of particles:

* The particles that make up matter: Spin 1/2 Fermions

* ... and the force carriers: Spin 1 Vector bosons

Elementary Particles Elementary Forces
Generation relative
1 ) ; exchange boson strength
u C t Strong g 1
Quarks q
el.-magn. Y 1/137
Weak W, Z° 10-14
Leptons Ve Vi 4
e U T Gravitation G 1040

... plus the Higgs particle as a consequence of the mechanism to generate mass

QED / weak interaction

Underlying theories:
yins Qb < electroweak unification (GSW)
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* The Standard Model was developed in the 1970s following experimental
observations (at that point only three quarks were known, the charm discovery
followed shortly thereafter)
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The Success of the Standard Model

* The Standard Model was developed in the 1970s following experimental

observations (at that point only three quarks were known, the charm discovery
followed shortly thereafter)

e |t:

e describes the unified electroweak interactions and the strong force with gauge
invariant quantum field theories

* is extremely successful in consistently and precisely describing all particle reaction
observed to date

e provides a consistent (yet incomplete) picture of the evolution of the early universe
-> particle cosmology
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The Structure of the Electroweak Standard Model

pr— - — e — = —

* The electroweak part of the SM is based on the gauge group
SU2) x U(1)
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The Structure of the Electroweak Standard Model

= = e = s ———

* The electroweak part of the SM is based on the gauge group
SU2) x U(1)

* This gives rise to the gauge bosons W+, W-, Z for SU(2) and y for U(1)
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The Structure of the Electroweak Standard Model

* The electroweak part of the SM is based on the gauge group
SU2) x U(1)

* This gives rise to the gauge bosons W+, W-, Z for SU(2) and y for U(1)

* |eft-handed fermion fields transform as doublets under SU(2) - right handed
fermions as singlets (no coupling of right-handed fermions to W; V-A
structure of the weak interaction)
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The Structure of the Electroweak Standard Model

* The electroweak part of the SM is based on the gauge group
SU2) x U(1)

* This gives rise to the gauge bosons W+, W-, Z for SU(2) and y for U(1)

* |eft-handed fermion fields transform as doublets under SU(2) - right handed
fermions as singlets (no coupling of right-handed fermions to W; V-A
structure of the weak interaction)

e There are three fermion families

1
o~
| /_
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The Structure of the Electroweak Standard Model

* The electroweak part of the SM is based on the gauge group
SU2) x U(1)

* This gives rise to the gauge bosons W+, W-, Z for SU(2) and y for U(1)

* |eft-handed fermion fields transform as doublets under SU(2) - right handed
fermions as singlets (no coupling of right-handed fermions to W; V-A
structure of the weak interaction)

e There are three fermion families

* A complex scalar Higgs field is added for mass generation through
spontaneous symmetry breaking to give mass to the gauge bosons and
fermions -> Gives rise to one physical neutral scalar particle, the Higgs boson
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The Structure of the Electroweak Standard Model

* The electroweak part of the SM is based on the gauge group
SU2) x U(1)

* This gives rise to the gauge bosons W+, W-, Z for SU(2) and y for U(1)

* |eft-handed fermion fields transform as doublets under SU(2) - right handed
fermions as singlets (no coupling of right-handed fermions to W; V-A
structure of the weak interaction)

e There are three fermion families

* A complex scalar Higgs field is added for mass generation through
spontaneous symmetry breaking to give mass to the gauge bosons and
fermions -> Gives rise to one physical neutral scalar particle, the Higgs boson

* The electroweak SM describes in lowest order (“Born approximation)
processes such as fifz -> faf4 with only 3 free parameters: a, Gs, sin6w
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Testing the Standard Model

* mainly physics with
* electroweak gauge bosons (W, Z, y)
* top quarks (-> lecture 11)
* with hadron jets (QCD) (-> lecture 8)

Teilchenphysik mit héchstenergetischen Beschleunigern:

WS 14/15, 07: Standard Model Frank Simon (fsimon@mpp.mpg.de)



Testing the Standard Model

* mainly physics with
* electroweak gauge bosons (W, Z, y)
* top quarks (-> lecture 11)
* with hadron jets (QCD) (-> lecture 8)

* measurements of
* production cross sections
* masses
e decay rates / widths
* decay asymmetries

* gauge bosons couplings (WW, Wy, WZ, ZZ, Zy)
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Motivations for these Tests

= . === =

* Since the establishment of the Standard Model, one main goal of particle
physics has been (and still is) to test its predictions as a consistency check,
and to look for cracks
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Motivations for these Tests

* Since the establishment of the Standard Model, one main goal of particle
physics has been (and still is) to test its predictions as a consistency check,
and to look for cracks

e Search for deviations from the SM:

* properties, production and decay of gauge bosons are sensitive to the
particle content and to various particle properties, and are modified by new

physics
t m 7
< S 7\
O u
b v ?

< used to place indirect limits on the Higgs mass based on Mip and Mw

1
>~
| S 31
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Motivations for these Tests

* Since the establishment of the Standard Model, one main goal of particle
physics has been (and still is) to test its predictions as a consistency check,
and to look for cracks

e Search for deviations from the SM:

* properties, production and decay of gauge bosons are sensitive to the
particle content and to various particle properties, and are modified by new

physics
t M 7
< 5 /7~ \
O \—J
b v ?

< used to place indirect limits on the Higgs mass based on Mip and Mw

* Use well-understood SM processes to measure luminosity at LHC

* Precisely define SM backgrounds in the search for new physics
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The Z Boson In e*e-

Annihilation

* A short excursion to e*e” Annihilation (covered in somewhat greater detail in
the Summer)

10°

- Y+<Z Measurements at LEP (and

4 .
19 lower-energy e*e” colliders):

1T T TTITI

®)

M

O
Ll

Cross-section shows

O I —
a 10 — - . .
[ - 1 electroweak interactions:
- | combination of y and Z
102 £ —= exchange - at high energy Z
- 1 dominates
10 T =
[ 1 | | |
0 100 200
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The Width of the Z Boson

— . e e e

40 ' . ' I . .
A * A key measurement at the Z

resonance: The total decay width

o(e'e"— qq)/nb
N w
o o

—
o

90 95
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The Width of the Z Boson

Av * A key measurement at the Z
resonance: The total decay width

w
o

Given by:

[z=Tee+ yp+ [t + had
+ [ veve + rvuvp + [vovr
=3 [+ Thada+ Ny Tw

o(e'e"— qQq)/nb
N
o

—
o
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The Width of the Z Boson

_—— e e e =

A% * A key measurement at the Z
resonance: The total decay width

w
o

Given by:

[z=Tee+ yp+ [t + had
+ [ veve + rvpvp + [vovr
=3 [+ Thada+ Ny Tw

o(e'e"— qQq)/nb
N
o

—
o

The partial width into visible final states
can be directly measured
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The Width of the Z Boson

40 A% * A key measurement at the Z
_ _ resonance: The total decay width
30
G Given by:
iz [z =Tee+ Muy+ Mr+ Mhad
'I 20 + [veve + rvpvp + [vovr
%’ =3 i+ had+ Nv ['w
10

The partial width into visible final states
can be directly measured

\s/GeV
Mz =91.1875 + 0.0021 GeV

[z =2.4952 + 0.0023 GeV

This precision can not be reached at hadron
colliders - LEP input used for calibration at LHC
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e — Qg
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The Width of the Z Boson

40

W
o

20

10

This precision can not be reached at hadron

\s/GeV

Mz =91.1875 + 0.0021 GeV
[z =2.4952 + 0.0023 GeV

* A key measurement at the Z

resonance: The total decay width

Given by:

[z=Tee+ yp+ [t + had
+ [ veve + rvpvp + [vovr
=3 [+ Thada+ Ny Tw

The partial width into visible final states
can be directly measured

The SM makes a clean prediction for v
- from the measured cross section and
total width the number of (light)
neutrinos can be determined

Ny =2.984 + 0.008

colliders - LEP input used for calibration at LHC

s

| /S
f -
Ao Dyttt
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Production (and Decay) of Gauge Bosons at LHC

T _— - — ————____ — — _ __ ____——

* For precision measurements: hadronic final states can
not be used due to dominating QCD background
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Production (and Decay) of Gauge Bosons at LHC

—_— —_—_—— = = = —— > S

* For precision measurements: hadronic final states can
not be used due to dominating QCD background

... but also t/u channel processes such as
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Production (and Decay) of Gauge Bosons at LHC

= — o = e e = —— _ _—___————

* For precision measurements: hadronic final states can
not be used due to dominating QCD background

... but also t/u channel processes such as
7 W, 2
* theoretical uncertainties mainly due to quark structure of the proton:
PDF uncertainties
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Z Production at LHC

e Candidate Z->e*e

Run Number: 154817, Event Number: 968871

A AT LAS Date: 2010-05-09 09:41:40 CEST
' M_=89 GeV

EXPERIMENT Z~ee candidate in 7 TeV collisions

Teilchenphysik mit héchstenergetischen Beschleunigern:
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15 E, (GeV)
E (e7)=45GeV E, (e') = 40GeV

n (e)=0.21 n (e*) =-0.38
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Z Production at LHC

 Candidate Z->pty

A EXPERIMENT

Run: 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

p,(4*) =45 GeV n(u) = 2.2
M =87 GeV

/> candidate \/ ) |
~in 7 TeV collisions

2y

p.(1) =27 GeV (W)= 0.7 = P
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W Production at LHC

e W--> pv candidate
Date: 2010-04-12 16:56:44 CEST Q '9?‘ AT LA S
AR WG

p,(u-) =40 GeV
np-)= 20
Em™*=41GeV

M. =83 GeV

W-puv candidate
in 7 TeV collisions
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W Production at LHC

e W+ -> etv candidate

Y X O\ Run Number: 152409, Event Number: 5966801

}gexpemmem

W-ev candidate in

7 TeV collisions

p,(e+) =34 GeV
ne+)= -0.42
E. ™ =26 GeV
M, =57 GeV
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Z Production at LHC with high Pileup

* Z->py

Q\ ATLAS ... with 20 additional

EEXPERIMENT vertices

Run Number: 189280, Event Number: 1705325
Date: 2011-09-14 02:47:14 CEST

= NS
\\ \a ;\‘\ ’:” N !

=

/{ ~ . - F
<\ <] B
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Gauge Boson
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=

S
3
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14

e Measurement of Cross Sections:

Vs (GeV)
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o (fh)

Gauge Boson

105
104
103
1012
10!
10"
10°
108
107
108

105

!
Otiges (Mp=500GeV)

L lllllll

roduc

tion: Cross Sections

_—_——
e ——

PP/pp cross sections

él llll

I lllllll

Ojee(Ex > V54)

ORiges (Mp=150GeV)

1 illllll

Vs (GeV)
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e Measurement of Cross Sections:
e / selection:

e one lepton with “tight” selection (high

energy, isolation, unambiguous ID)

e second lepton with more relaxed criteria
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Gauge Boson Production: Cross Sections

pp/p cross sections * Measurement of Cross Sections:
)
l"l' 1 ' L L) lll leél i II 1 ] ! i
- pp! pp B e / selection:
o . -
1013 g | < * one lepton with “tight” selection (high
£ ! -
1012 z : o energy, isolation, unambiguous ID)
o L —"
107 —1 e second lepton with more relaxed criteria
10 Cb'b/ I
10 | _
" | * W selection:
| _
i ""//_.- ° H (17 b H
~ 108 ok,.s!;'» g - orlle I.epton with “tight” selection
= 107 ( Ow | e missing transverse energy / momentum
“ '
E (1S 100G | /
105 ‘
104 i >/</
3 /
10 ,_,06 |
10 gy (Mg=150GeV) i
' Otiggs (Mg=500GeV) / |
lo.] 1 L1 1l 1 I r ol 1 L1
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Gauge Boson Production: Cross Sections

* \W selection:

pp/p cross sections * Measurement of Cross Sections:
g
l"l 1 ' LI llll %él llll || ] ! . Z SeIeCtion.
10" PIpp— _pp;fl’p* —— ' | | | |
1013 § | < * one lepton with “tight” selection (high
1012 g =l — energy, isolation, unambiguous ID)
b= " - . . .

< P » second lepton with more relaxed criteria
10'* Ovb i

|

g

10*

108 e one lepton with “tight” selection

107 e missing transverse energy / momentum

o (fb)

10®

108

10! L~
10 g / :
></:/

/ e Determination of cross section -
| >< corrections to event numbers:

 trigger efficiency (data)

102f  OjulEr>\54) * reconstruction efficiency (MC, data)

10 G0 (Mg=150GeV) | * luminosity

l A g
Ottiges Mg=500GeV) /| |

lo.] 1 L1 a1l / 1 lllllll 1 11 N
10} 104 Oy =

Vs (GeV)

G. Weiglein et al.
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Vector Boson Reconstruction - LHC

x10° CMS

> 10 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1
S i L=182pb", \Vs=8TeV
2 s —— data _
~ N | Woev i
2t B Ewk+t -
) - B QcD -
1 6 _

4 _

2 —

T T A LI T RN
R0ttty H_*HHHH B
SB —
0 20 40 60 80 100
Z; [GeV]
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Events / 2.0 GeV
(0 0]

Vector Boson

x10°
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B —— data ]
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x10° CMS
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W and Z Production at the Tevatron

1
/.

/‘

DO and CDF Run2 Preliminary

pp = W+X — Iv+X

A D@(e) Run2
* DO(u) Run2

o CDF(e) Run2
* CDF(u) Run2

¢ DP(e) DO
A CDF(e) © CDF(u) 1
* UA]

v UA2

/
Center of Mass Energy (TeV)
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* Ratio of production of W and Z
bosons R - very well predicted,
since some of the PDF
uncertainties cancel

Frank Simon (fsimon@mpp.mpg.de) 18



W and Z Measurements at the LHC

CMS L=18.2 pb™, /s =8 TeV CMS L=18.2 pb™”, /s =8 TeV
12.8 :L 1 1 1 l 1 1 1 1 l _—" [ 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 |
- . 7.4 —
126 Wyvs/Z — - i
T 1245 4 T 72F -
cC ~ - £, B -
— 122 ] — - .
> u . = - .
% 120F 4 1 7or B
= ] t ]
S 11.8 ] = : i
T L oF 1 & 68 —
gi £ [ pata(stat @ sys) FEWZ NNLO Prediction 1 o [ [ Data(stat © sys) FEWZ NNLO Prediction  _
ng 1 1 4 :— o Data(stat ® sys ® lumi) —e— MSTW 2008 NLO —: _§+§ 6 6 __ —e— Data(stat © sys @ lumi) —e— MSTW 2008 NLO _—
112 68% CL uncertainty —e— NNPDF2.3 —] © B 68% CL uncertainty —e— NNPDF2.3 ]
11.0 :_ —e— CTEQ(CT10) _: 6.4 [ —e— CTEQ(CT10) ]
:I 1 1 1 1 I I : i 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 ]

1.10 1.15 1.20 4.9 5.0 5.1 5.2 5.3

GtthBR(Z%”) [nD] o MxBR(W —lv) [nb]

* Measured cross sections corrected for efficiency and acceptance

* Higher cross section for W+ than for W-: Due to valence quark content of
protons: uud - higher probability to make a W+

Teilchenphysik mit héchstenergetischen Beschleunigern:
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— 1] 1 1 1 1 | : 1 : 1 1 ’ 14 1 ]
- ® CMS,19pb™, 8 TeV | W -
— O CMS,36pb”, 7 TeV W+
m 10 ® CDFRunl = W —
X O DO Run| - -
A UA2 _
C Y UAT ~
y4 _
1 / _—

PP
10"
Theory: NNLO, FEWZ and MSTWO0B PDFs

0.5 1 >

ATLAS points
same as CMS

Illl'l‘

5 7 10 20
Collider Energy [TeV]

* Combined with Tevatron results to illustrate evolution with energy
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Measuring the Mass

e Measurement of the mass from the transverse momentum distribution of the

lepton and of the neutrino (inferred from lepton and hadronic system)

u
P ) 3 3
P} = —(Pr+U)

e Reconstruct transverse mass:

My = \/(EL + E4)? — (Ph + Py)?

Teilchenphysik mit héchstenergetischen Beschleunigern:
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Measuring the Mass of the W Boson

* Measurement of the mass from the transverse momentum distribution of the
lepton and of the neutrino (inferred from lepton and hadronic system)

ot
Py = —(Pr +U)

e Reconstruct transverse mass:

My = \/(EL + E4)? — (Ph + Py)?

* Compare measured Mr distribution to simulated
: distributions with different W mass assumptions
v (“template fit”)

* Requires excellent understanding of momentum
and energy scale and resolution

1
>~
| S 31
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Measuring the Mass of the W Boson

_—_—— e - R

P—————— == e

20000 , . | | Mass of the W Boson

Measurement 5 M,, [MeV]
CDF-0/I — o 80432 = 79
DO —e 80478 = 83
DO-Il 0w —— 80402 = 43
@ CDF-Il 2 - 80387 = 19
- !
E 10000 DIl waw) —o- 80369 + 26
Tevatron Run-0//ll @ 80387 + 16
LEP-2 — @ — 80376 = 33
World Average -®- 80385 + 15
0 k= |
60 | . . L . . . |
80200 80400 80600
MW [MeV] March 2012
e Best measurement from Tevatron
e Combination of CDF and DO: Mw = 80.387 + 0.016 GeV
* World average with LEP: Mw = 80.385 + 0.015
Z. 7:eilchenphysik mit hdé:;rstenergetis;he Beschleunigern: Frank Simon (fsimon@mpp.mpg.de) 29
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80 5 March 2012

LHC excluded

1 ---- LEP1 and SLD
68% CL

----
-------

| — LEP2 and Tevatron

WS 14/15, 07: Standard Model

Teilchenphysik mit héchstenergetischen Beschleunigern:

* W mass measurement
(together with top mass)
provides indirect constraints
on Higgs mass in the
Standard Model

Frank Simon (fsimon@mpp.mpg.de) 23



805 March 201|2 | | | | |
LHC excluded

| — LEP2 and Tevatron
1 ---- LEP1 and SLD
68% CL

----
-------
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* W mass measurement
(together with top mass)
provides indirect constraints
on Higgs mass in the
Standard Model

Targets for LHC
arXiv:1310.6708

AMy [MeV] LHC
V= [TeV] 8 14 14
ol 20 300 3000

3

2

1

3

0
Total 15 8 @

PDF 15
QED rad.

priW) model

(g B T

other systematics | 10
W statistics 1 0.2
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Measuring the Width of the W Boson

== = = —_—

 The tail of the Mt distribution is sensitive to the total width of the W boson:

e Events with Mt> Mw are due to detector resolution effects and due to the finite
width - the resolution contribution to this falls faster than the width contribution,
allowing an accurate measurement of the width

O r, =2118= 60 MeV
Q)
0 10%E x?/dof [fit range] = 19/21
~— — 5
12 - x2/dof [full range] = 32/29
(- -
LLI> 3 * Data
10 =V
. — W — ev MC + Background
A4
iy /| Background: 2.0% W — tv
72%%%%? 1.4% Multijet
ol 00000 0.2% Z — ee
100
o
2SI
IS IS
s
s
7
g
L7 7
s v
g o
S ss g iS SIS
1 () Kol
27
2
L2 T
L
SIS SIS I I I I s
PSS IS IS
L
I
NI s
i v Y« 1%
SIS I SIS I IS jz
1 L0000 AT 7
M =000 IS SIS I NI II IS T
00 P AP
4 #4444 G4
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The Wldth of the W - Summary of Results
"~ Widthofthe W Boson |

* Excellent agreement

Measurement Ly [MeV] with the Standard
CDF-la *— 2,032 = 329 Model
CDE-Ib o] 2,043 + 138
D ' o . 2,242+ 172
CDE-II —e— 2,033+ 72
0| —— 2,034 + 72

: x2/dof=1.4/4
Tevatron Run-I/l| . 2,046+ 49
Epor [ 2,196 + 83

SM World Av.” = 2,085+ 42

. * (Preliminary)

1600 2000 2400
FW [|\/|eV] February 2010
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Triple Gauge Couplings

, 0-::;-“'—— W2
7 7/'}/"/
y

* In the SM: Space-like diagrams are = 0 if two of the three bosons are identical

Teilchenphysik mit héchstenergetischen Beschleunigern:
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* In the SM: Space-like diagrams are = 0 if two of the three bosons are identical
« BSM: May contribute to triple Gauge couplings in non-standard ways

2 X v
' 2 '
A < BsH? Y a Sy
Z wr
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* In the SM: Space-like diagrams are = 0 if two of the three bosons are identical
« BSM: May contribute to triple Gauge couplings in non-standard ways

2 W
= Bsy Ui a 5y
Z W
+ SM: Time-like diagrams with two identical P/ v,
bosons in the final state are allowed 7 ~
* NB - No triple gauge coupling! SM L
background to TGC measurements P { ! W, 2
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CMS \s=8TeV,L=35fb CMS \'s=8TeV,L=35fb"
%J T T T T | T T T T | T T T T | ) I_ %J 400 [ | T T T | T T T | T T T bl) ]
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To s ww - o I ww
2 | 4 | 2 00 -
c - B Z+jets . c B B Z+jets 7]
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' T ] 3 ?g A My, b
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CMS \s=8TeV,L=5.3fb"
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S i zz i
; 20 | B WZ/Z + jets
= i i
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> i
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Measurement of ZZ Producti
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Double Vector Boson Productlon CMS Summary

Apr 2014 CMS Prellmmary
CMS measurements | 7 TeV CMS measuremer:t (exp+th) e e
vs. NLO theory 8 TeV CMS measurement (exp+th)  —+—e—+—|
YY, NNLOth)  —— o———— 1.04+011+009 50fb"
Wy — —  1.16+013+006 50fb"
Zy ——o—— 0.98 £0.05+005 50fb"
WW+WZ  H o - 1.05+020+003 49fb"
WW 4o+ 1.11£011+004 491"
WW — - — 122+012+004 35fb"
WZ —H——O——+ 117 £0.10 £0.03 49 b
WZ ———— 1.12+0.08+005 196fb"
77 — 3 — 0.99+0.15+006 49fb"
77 — 1.00+0.10+0.08 196 fb™
T BT T T SR R T T S
0.5 1 1.5 2

All results at: : - 1 -
hup;//ceﬁﬂhfgi/pw Production Cross Section Ratio: Gexp/ Ciheo

* Overall excellent agreement with SM expectations - Consistent for 7 and 8 TeV
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Summary

* The (electroweak) Standard Model combines QED and the weak interaction theory

to describe electromagnetic and weak interactions - based on the Gauge Group
SU2) x U(1)

|t has been extremely successful in describing all observations to date
* |ts predictions are tested by measurements of

e masses

e cross-sections (and production asymmetries - not covered)

e decay widths

 triple gauge couplings - particularly sensitive to New Physics

* The Tevatron provides the most precise W mass measurement to date -
global uncertainty 15 MeV - LHC might ultimately go to 5 MeV

e requires very precise understanding of detectors and excellent control of all
systematics - will take a while!
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Summary

* The (electroweak) Standard Model combines QED and the weak interaction theory

to describe electromagnetic and weak interactions - based on the Gauge Group
SU2) x U(1)

|t has been extremely successful in describing all observations to date

* |ts predictions are tested by measurements of
e masses

e cross-sections (and production asymmetries - not covered)
e decay widths

 triple gauge couplings - particularly sensitive to New Physics

* The Tevatron provides the most precise W mass measurement to date -
global uncertainty 15 MeV - LHC might ultimately go to 5 MeV

e requires very precise understanding of detectors and excellent control of all
systematics - will take a while!

Next Lecture: QCD, S. Bethke 24.11.2014
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