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1964 - Higgs mechanism proposed by P. W. Higgs, F. Englert and R.Brout, G.S. Guralnik, C.R. Hagen and T.W.B. Kibble.
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27 Km tunnel completed 1 988

8 February 1988
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The WorldWideWeb,was invented by British scientistTim|Berners-Leeiin'1989 while working at CERN
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First collisions recorded by OPAL at LEP

First Z decay into hadrons recorded by OPAL and LEP on 13 August 1989 at 23:17

This event marks the start of operation

of the largest scientific instrument in the world E——
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A man talks on his mobile phone while standing

near a conventional telephone box, which stands
empty. Enabling technology for mobile phones was

first developed in the 1940s but it was not until the

mid 1980s that they became widely available. By
2011, it was estimated in Britain that more calls were
made using mobile phones than wired devices.!']



HOW CAN the HIGGS BOSON be PRODUCED ?
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HIGGS PRODUCTION in proton-proton collisions
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!! Higgs boson production is a very

Tevanon

-
-

small fraction of the
standard p-p collisions:

— —
o o

o ™
1

K J

Higgs production is rare:

OylEf" > Vs/20) cross-section is ~10-100 pico-barn.

Ow = L

vz

6,(E," > 100 GeV)

High energy to explore unknown territory

33
events/secfor . =107 cm s

¥l

200 Gev ? | Maximize number of proton-proton collisions
500 GeV '

High frequency & high beam intensity:

WJS2009
0.1 1 10
Vs (TeV)

Collision energy
30.06.2022



This good Idea came with many many obstacles to master
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A fast calorimeter

NN LN N

The benefit of such a scheme is that each tower can be con-
nected to a preamp located on the tower itself ,in the front
or back of the calorimeter.

Thus this proposal solves(in principle) the problem of
dead space around modules to allow for connections.Such a pro-
blem is harder and harder when the granularity increases.It
also implies the use of long connecting lines ,which are a ser-
ious adverse effect against speed(Radeka & Rescia NIM A265)
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A fast calorimeter

NN LN N

The benefit of such a scheme is that each tower can be con-
nected to a preamp located on the tower itself ,in the front
or back of the calorimeter.

Thus this proposal solves(in principle) the problem of
dead space around modules to allow for connections.Such a pro-
blem is harder and harder when the granularity increases.It
also implies the use of long connecting lines ,which are a ser-
ious adverse effect against speed(Radeka & Rescia NIM A265)

=

Although it is clear that difficulties will show up when
trying to make a real design,one could envisage to use such
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An hermetic calorimeter

a scheme either with
-"wiggled" plates parallel to the beam axis(left)

or with
-"wiggled" cones pointing to the interaction point(right)
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A segmented calorimeter
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Nuclear Instruments and Methods in Physics Research A309 (1991) 438-449
North-Holland
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1964 - Higgs mechanism proposed by P. W. Higgs, F. Englert and R.Brout, G.S. Guralnik, C.R. Hagen and T.W.B. Kibble.
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S0 many questions to answer

2001-2003

1997 Technical Design Report

1990 First accordion module
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1990

Beginning of production
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1964 - Higgs mechanism proposed by P. W. Higgs, F. Englert and R.Brout, G.S. Guralnik, C.R. Hagen and T.W.B. Kibble.
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The ATLAS combined testbeam in 2004
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2000 - 2002

Where the ATLAS reconstruction was born.
Lines of code dating from the CTB are still running today.
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Construction at Birmingham L1Calo

Silicon Tracker - SCT Richard Staley & Gilles Mahout with a

Cluster Processor Module at
Birmingham (Richard designed the module)
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ARTIST view of the LHC and the experiments
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Installation in the ATLAS counting room

Xen supervising Pete Watkins and Eric
Eisenhander pulling underfloor cables
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Al LA

IS a glant microscope
with 100 M channels
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Al LA

IS a glant microscope
with 100 M channels

100 metres underground
50m long
25m high

7000 tonnes (one Eiffel tower)
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100 metres underground

50m long
25m high £l
7000 tonnes (one Eiffel tower) ¥ =
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Measure particle trajectory
with a precision of
0.0002 m (20um)
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100 metres underground
50m long
25m high

7000 tonnes (one Eiffel tower)

Measure particle trajectory
with a precision of
0.0002 m (20um)

and the energy
at 1%
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Expecting in the ATLAS Control
Room the first LHC beam to
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Beams collide on 23rd November 2009
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Beams collide on 23rd November 2009
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Beams collide on 23rd November 2009
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SCT Hit Efficiency

Efficiency
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ATLAS data taking and data quality

ATLAS Online ATLAS p-p run: April-December 2012

Total Efficiency: 9: .
Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT  LAr Tile MDT RPC CSC TGC Solenoid Toroid
90 999 0994 998 0991 99.6 99.6 99.8 100. 99.6 99.8 99.5

80f

70

60
11/03 07/05 02/07 27/08 22/10 16/12 .
Date in 2012 All good for physics

In 2012, 89.5% of DELIVERED data were good for physics.

To my knowledge, never an experiment has reached such a level of efficiency.
Even experiements at e*e- colliders, pp at lower intensity, ...... with much less challenges.

At LHC, even with more pile-up than designed, we are happy!

My interpretation: the coherence between motivation, rigour, the challenging physics
aim (the aim is not to discover; it is to find out what is there), the very spirited people.

30.06.2022

31



2010-2012 data taking
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ATLAS detector simulation: a tool towards physics
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4th July 2012 - HIGGS DISCOVERY with ATLAS & CMS

H—2 photons

\s=7TeV,L=51fb "' ys=8TeV,L=5.3fb""
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Y weights / 2 GeV
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LL pairs
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e A : THE data
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Higgs boson (prediction)

. background

30.06.2022 35



4th July 2012 - HIGGS DISCOVERY with ATLAS & CMS

H—2 photons

ATLAS 4 DataS/B Weighted

—— Sig+Bkg Fit (mH=126.5 GeV)
Bkg (4th order polynomial)
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e A : THE data
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Y weights - Bkg

Higgs boson (prediction)

. background

Data need the Higgs boson.

Excess also observed in WW channel
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4th July 2012 - HIGGS DISCOVERY with ATLAS & CMS

H—2 photons

A Data S/B Weighted
—— Sig+Bkg Fit (mH=126.5 GeV)

Bkg (4th order polynomial)
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Data need the Higgs boson.

Excess also observed in WW channel
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4th July 2012 - HIGGS DISCOVERY with ATLAS & CMS
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The LARGE HADRON COLLIDER at CERN

LEP tunnel exists at CERN:
27 km circonference

It was built in the 80's to produce
electron-positon collisions:

to study the Z boson

to test the standard model

discover the Higgs boson

December 1994: the LHC will be installed inside the LEP tunnel
proton-proton collider at very high energy

LEP operation stops in 2000
The Higgs boson has not been observed:
The Higgs boson mass is higer than 114.6 GeV
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The HIGGS mechanism and the HIGGS boson

FERMIONS

Peter Higgs, Francois Englert, Robert Brout and a
few more theoreticians, proposed in 1964 a
mechanism to explain how the W and Z bosons
can acquire a mass: the Higgs mechanism, and at
the same time preserves the requirements from
the theory.

The Higgs field fills the space and interacts with
particles, following rules.

The search for the Higgs boson started.

30.06.2022
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The Large Hadron Collider (LHC)

1983 First studies for the LHC project

1988 First magnet model (feasibility)

1994 Approval of the LHC by the CERN Councill

1996-1999 Series production industrialisation

1998 Declaration of Public Utility & Start of civil
engineering

1998-2000 Placement of the main production contracts

2004 Start of the LHC installation

2005-2007 Magnets Installation in the tunnel
2006-2008 Hardware commissioning
2008-2009 Beam commissioning

2010-2040... Physics exploitation

2010 — 2012 Run 1 ;7 and 8 TeV
2015 - 2018 Run 2 13 TeV
2021 — 2024 Run 3 (14 TeV)
2025 — 2026 HL-LHC installation
2027 — 2040... HL-LHC operation

4

A 27 km Circumferenéé collider...
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