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Overview

* The Standard Model - Structure, Motivation

* Vector boson properties
o / decay & width
W, Z production
e W mass
o W width
e Triple Gauge couplings

* Topics of future lectures in the framework of the Standard Model:
 QCD (Lecture 8)
 Higgs (Lectures 9 & 10)
e Top quark (Lecture 12)
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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
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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 g - .
el.-magn. Y 1/137
W=, Z0 10-14
\Y; \Y; v Weak :
Leptons e y T
e v 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
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... 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
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... plus the Higgs particle as a consequence of the mechanism to generate mass

Underlying theories:
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QCD
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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)

* |t

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

* s 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 Standard Model - Combining Theories

. . General Relativity
Newtonian gravity |

Copernicus/Kepler
astronomy strong force

J electroweak
relativity ’
_\

electricity electromagnetism
electromagnetism

magnetism

1800 1850 1875 1900 1925 1950 1975
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The Standard Model - Combining Theories
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The Standard Model of Particle Physics
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“Rediscovering” The Standard Model at LHC
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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 = — _—__————-

* The electroweak part of the SM is based on the gauge group
SU(2) x U(1)

e 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
SU(2) x U(1)

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

e |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
SU(2) x U(1)

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

e |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
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The Structure of the Electroweak Standard Model

* The electroweak part of the SM is based on the gauge group
SU(2) x U(1)

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

e |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
SU(2) x U(1)

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

e |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 -> fsf4 with only 3 free parameters: a, Gy, sin6w
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Testing the Standard Model

— S——— == : = = —er—

* mainly physics with
» electroweak gauge bosons (W, Z, y)
* top quarks (-> lecture 9)

» with hadron jets (QCD) (-> lecture 7)
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Testing the Standard Model

* mainly physics with
» electroweak gauge bosons (W, Z, y)
* top quarks (-> lecture 9)
e with hadron jets (QCD) (-> lecture 7)

 measurements of
* production cross sections
°* masses
* decay rates / widths

e 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
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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 \—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 Iin ete- Annihilation

—_— =

* A short excursion to e*e” Annihilation (covered in somewhat greater detail in
the Summer)
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The Width of the Z Boson

o(e'e™— qq)/nb
N w
o o

—_
o
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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+ Nt + had
+ [veve + rvpvp + [vovr
=3 [+ Thada+ Ny Tw

o(e'e"— qq)/nb
N
o

—_
o
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The Width of the Z Boson

_—— e e e =

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

30
= Given by:
iz [z =Tee+ M+ Mo+ Mhad
|I 20 + [veve + rvpvp + [vovr
%, =3+ Thad+ Ny I'w
10

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

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

30
£ Given by:
s [2=Tee+ Myp+ Mo+ Mhad
J]; 20 + [veve + rvpvu + [vovr
%’ =31+ Mhaa+ Ny '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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The Width of the Z Boson

40 Ao * A key measurement at the Z
_ _ resonance: The total decay width
30
< Given by:
@ [z=Tee+ [pu+ 't + [had
.I 20 + [veve + rvpvu + [vovr
%’ =3+ Thad+ Ny I'w
10 The partial width into visible final states
can be directly measured
0 S 9'0 — The SM makes a clean prediction for Iy
Vs/GeV - from the measured cross section and
Mz = 91.1875 + 0.0021 GeV total width the number of (light)
M = 2.4952 + 0.0023 GeV neutrinos can be determined
This precision can not be reached at hadron Ny=2.984 + 0.008

colliders - LEP input used for calibration at LHC
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Productlon (and Decay) of Gauge Bosons at LHC

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

... but also t/u channel processes such as

C—

* 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

LEXPERIMENT 5 o candidate in 7 TeV collisions

Teilchenphysik mit héchstenergetischen Beschleunigern:
WS 16/17, 08: Standard Model

15 E, (GeV)
Er (e )= 45GeV ET CER: e\
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A

Frank Simon (fsimon@mpp.mpg.de)

14



Z Production at LHC

 Candidate Z->pty

W JATLAS

A EXPERIMENT

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

p,(H)=27GeV n(u)= 0.7
p,(1*) =45 GeV n(p) = 2.2

Muu =87 GeV

| Z>pp candidate
~in 7 TeV collisions
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W Production

* W- -> pv candidate

at LHC

Run: 152845, Event: 3338173
Date: 2010-04-12 16:56:44 CEST

IﬂWﬂi

WATLAS

A EXPERIMENT

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+ -> e*v candidate

Q"\; S [Run Number: 152409, Event Number: 5966801
i:._\\ AV Date: 2010-04-05 06:54:50 CEST
JA EXPERIMENT XX | ;

/ ~
B '
/ Y

W-ev candidate in

7 TeV collisions
p,(e+) = 34 GeV

nle+)= -042

miss = 26 GeV

M, =57 GeV

=
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Z Production at LHC with high Pileup

* Z-> pp
SUATLAS .. with 20 additional
A EXPERIMENT vertices

Run Numbar: 1392£0, Sven: Nurmber 1705323

Date: 2011-09~14 02:47:14 CEST
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Gauge Boson Productlon Cross Sectlons
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PP/pPp cross sections
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PP/pP cross sections  Measurement of Cross Sections:
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e / selection:

e one lepton with “tight” selection (high
energy, isolation, unambiguous ID)

e second lepton with more relaxed criteria

G. Weiglein et al.

Physics Reports 426 (
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e Measurement of Cross Sections:
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PR/pPp cross sections
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Gauge Boson Production: Cross Sections

DI/p cross sections e Measurement of Cross Sections:
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Vector Boson Reconstruction - LHC

x10° CMS
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Vector Boson
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x10° CMS
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x10° CMS
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econstruction - LHC

CMS «10° CMS
> ~ | | | | 1 > _- | ' | ]
o i St L=182pb", Vs=8Tev | § 10l L=182pb",\Vs=8TeV —
o — |

N )4 —— data - 2 - .
N i y \ Wospv |1 = B —e— data ++ -
2 B ewk+tt | g2 081 Zoup —
> i + - Bl QCD . QC_) i + _
0 4 o - $ -

41— * ] 0.6 — —]
0.4 — i + ]
u + |
u b |
0.2 4 ]
u A |
- .-0- —]
| P n.‘ a
Pesesastsosveete®os’® Peetesaty00tononossl
¢ ¢ ¢, ¢¢ > : """""""""""""""""""""""""""""""""""""""""""""" + """"""""""""""""" + IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII .
I e T L e T 0"**‘**1***”++*‘++9"+”+”"’**‘+”+ ittty
D s - 25 $o, -
0 20 40 60 80 100 60 80 100 120
. [GeV] M(u*u) [GeV]
e “Best results” typically in the Muon channel
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W and Z Production at the Tevatron

DO and CDF Run2 Preliminary

A DO(e) Run2
* DO(u) Run?2

o CDF(e) Run2

* CDF(W) Run2

¢ D@(e) * DO(u)
A CDF(e)

0 CDF(u)

w UAI v UA2

1
Center of Mass Energy (TeV)

Teilchenphysik mit héchstenergetischen Beschleunigern:
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uncertainties cancel

Frank Simon (fsimon@mpp.mpg.de)

* Ratio of production of W and Z
bosons R - very well predicted,
since some of the PDF
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CMS L=18.2 pb™, Vs =8 TeV
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68% CL uncertainty —e— NNPDF2.3
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l l

l

FEWZ NNLO Prediction

L=18.2 pb™, /s =8 TeV
1 1 1 1 1 1 1 I 1

lllllllllllllllllllllll

4.9 5.0 5.1

* Measured cross sections corrected for efficiency and acceptance

e 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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5.2

5.3

o WXBR(W —lv) [nb]
22
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W and Z Production at the LHC

CMS Preliminary, 43 pb™ (13 TeV)

CMS, 18 pb™ (8 TeV)
CMS, 36 pb™ (7 TeV)
CDF Run lI

DO Run |

o x B [pb]
===
|

UA2
UA1

! IIIIIII‘
<4« > B OO0 -
I IIIIIII|

pp

PP

! IIIIIII‘
>
I IIIIIII|

Theory: NNLO, FEWZ and NNPDF 3.0 PDFs

—
)
N
IIIIII‘

05 1 > 5 7 10 20
Center-of-mass 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 3
P} = —(Pp+U)

e Reconstruct transverse mass:

Mp = /(B + B3)? — (P4 Py)?

Teilchenphysik mit héchstenergetischen Beschleunigern:
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24



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)

p"
T — — —
P} = —(Pr +U)

e Reconstruct transverse mass:

My =\ (EL + E4)? — (Py + Py)?

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

* Requires excellent understanding of momentum
and energy scale and resolution

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

_—_—— e = - — -

— — = — i —=

20000 . . | | Mass of the W Boson

Measurement i M,y [MeV]
CDF-0/1 — o 80432 + 79
D-| —e 80478 = 83
DJ-Il dow) —— 80402 = 43
J% CDF-Il 2 o 80387 + 19
- :
E 10000 DO-Il s —o- 80369 + 26
Tevatron Run-0//ll  -@- 80387 = 16
LEP-2 —o— 80376 + 33
World Average & 80385 + 15
0 =~ ,
60 | . . L . . . |
80200 80400 80600
My [MeV] March 2012
* 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
e 1:eilchenphysik mit hééiwstenergetis;;': Besleunigern: Frank Simon (fsimon@mpp.mpg.de) o5
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805 March 2012 | | |

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
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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] Ro14 14
Ll 20 300 3000

3

2

1

3

0
Total 15 8 @

PDF 10 5
QED rad.

priW) model

o= L

other systematics | 10
W statistics 1 0.2
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The Impact of the W

 \W mass measurement

80 5 March201|2 | |
LHC excluded

1 - LEP1 and SLD
68% CL

| —LEP2 and Tevatron

WS 16/17, 08: Standard Model

Teilchenphysik mit héchstenergetischen Beschleunigern:

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

Vs [leV] 8 14 14
Ll 20 300 3000
PDF 10 5 3
QED rad. 3 2
priW) model 2 1 1
other systematics | 10 3 3
W statistics 1 0.2 0
Total 15 8 @
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Measurlng the Wldth of the W Boson

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

 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)) B I, =2118x60 MeV
0 10 v2/dof [fit range] = 19/21
\
7)) 2 [ ] =
2 y2/dof [full range] = 32/29
A o
‘ * Data
/ I'¢:|'<f ,l =
L 103
10°E1
=Y~ — W — ev MC + Background
4
7 ~ ] Background: 2.0% W — tv
700000 ?
VA SIS 1.4% “ﬂLﬂtuet
000000
Dl 0.2% Z ee
1 () =
000000
7
7
00000000000
7
000000
IS
ﬁgggggggggg
10 //////////
IS
I v
IS i
IS VAl
IS IS -I ']'
L A
IS VI I SIS
IS VAN
VA U
WISl /SIS //////
> WAl #I IS /////ﬁi »
167777 0000 ‘negion
Wi IS ///////////////
L
WA AN L
M I 1 I I A A A I
I A IILNIIIL SIS $IIP PAIP NSNS VI PIIINII IS VPG PP I I ANI IS NIIS

50 100 1 50 200
(ev)(GeV)

—— —— -
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The Wldth of the W - Summary of Results
"~ Width of the W Boson |

* Excellent agreement

Measurement Ly (MeV] with the Standard
CDF-la o— 2,032 £ 329 Model
CDE-Ib e 2,043 + 138
DO | o 2,242 + 172
CDF-Il —e— 2,033 + 72
DG-I| —e 2,034 =72

21 dof = 1.4/ 4
Tevatron Run-I/l| —e— 2,046 = 49
Epo | o 2,196 + 83

SM World Av.” = 2,085+ 42

. * (Preliminary)

1600 2000 2400
rw [|\/|eV] February 2010

WS 16/17, 08: Standard Model
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Triple Gauge Couplings

P 0:::‘——-— W2
7 ‘7/?’/"/
9

* 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 . a Sy
r3 W

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 W
= Bsyz Ui a Sy’
¢ W
+ SM: Time-like diagrams with two identical P — v,z
bosons in the final state are allowed 7 ~
 NB - No triple gauge coupling! SM g/

background to TGC measurements P { ! W, 2

Teilchenphysik mit héchstenergetischen Beschleunigern:
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Events / (5 GeV)

CMS 19.4 b (8 TeV)

19.4 b (8 TeV)

- «Data mWZ/ZZ/NVV
- WWwW Top quark
B mHiggs boson mDY
' § W+jets
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L \\\ N
- 0-jet
_% & +J St ot /e
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7 e
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140

n%¢ (GeV/)\
19.4 b (8 TeV)

Events / (5 GeV)

mWZ/ZZINVV
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mHiggs boson mDY

1-jet
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Looking for W->|v:
Best separation from
background

Cleanest signal:
events w/o jets - one
additional jet also
considered
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Measurement of ZZ Production

19.6 fb' (8 TeV) : . . 0
ST T * One Z going into neutrinos: 20% of the total
© Top, W, .
S oL lvzlitszf;a@ decays -> large missing energy
E 10_ | vz * One Z going to leptons (e, y): 6.7%: Clean

Z - 2| (Data) final state, can be identified above
background
19.6 fb' (8 TeV
C T T T T T T T T T T T
2 - CMS -
"2 250 k- 5 27 — 212v —
R — — W —— ——— ot ]
5 1.5 200 =] Z — 2| (Data) —
o 1 | =
é 0-8 Top, WW, W+ijets (Data)
150 ]
100 & P —
50 -
0 N
- 2 Er—F—T— [ T S NI P R e TR SN
(O] et
s 1 :
S ol T — NS e
© 70 100 20 300 40 1000
Reduced ET*° [GeV]
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Measurement of ZZ Production

CMS Vs =8TeV,L=19.6fb"
140F " SR B B B B
> ° o Data ]
o u . E
~ 12002z first Z :
N B i
> - ]
W 80 -
60 i % -
40 - =
20 =
O : — l_'i' ' ‘—‘M“—‘ T AT

60 70 80 90 100 110 120

m, (GeV)

* Clean measurement when both Zs going to

leptons -

80

70

60

but small rate (6.7%)2 = 0.45%

CMS Vs =8TeV,L=19.6 fb"
[ T | | | | | T | T | | | | | T | | T | | T | | ]
B Dat pp — ZZ — "I" A
i ata §
- ® 4e R
- A 4u j
- e 2e2u E
N A §
~ ° B
: 4", 1
o N ]
- e ° )
. - N i
B |- | | | | | |- | |- | | | IA | |- | | |- | | |- | | i

60 70 80 90 100 110 120

e So far all observations consistent with SM
expectations

/
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Double Vector Boson

Production - CMS Summary

July 2016 CMS Preliminary
CMS measurements 7 TeV CMS measurement (stat,stat+sys) +——o—+—
vs. NNLO (NLo) theory 8 TeV CMS measurement (stat,stat+sys) —+—e—+—i
13 TeV CMS measurement (stat,stat+sys) —+—e—+—
YY 1.06 £ 0.01+0.12 5.0 fb™
Wy, (NLO th.) o 1.16 £+ 0.03 + 0.13 5.0 fb™
Zy, (NLO th.) b 0.98 +0.01+0.05 5.0fb"
Zy, (NLO th.) — — 0.98 +0.01+0.05 19.5fb™
WW+WZ 5 1.01+0.13 +0.14 4.9 fb”
WwW | o 1.07 £ 0.04 £ 0.09 4.9 fb”
WW — 1.00 £ 0.02 + 0.08 19.4 fb™
WWwW — . 0.96 + 0.05 + 0.08 2.3 b
WZ . 1.08 + 0.07 = 0.06 4.9 fb’
WZ 1.04 +0.03 = 0.07 19.6 fb™
WZ — e 0.80 = 0.06 + 0.07 2.3 fb™
Y4 0 0.97 +0.13 =+ 0.07 4.9 fb™
Y4 ——e 0.97 +0.06 + 0.08 19.6 fb™
Y4 . 0.90 +0.11+0.04 2.6 fb’
Al results at Production Cross Segfion Ratio: o../ 0 i
http://cern.ch/go/pNj7 ] exp theo

* Overall excellent agreement with SM expectations - Consistent for 7, 8 and 13TeV
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Summary

e 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
* 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 - first ATLAS results expected tomorrow!
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Summary

e 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
* 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 - first ATLAS results expected tomorrow!

Next Lecture: Top Physics, F. Simon 19.12.2016
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