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The Universe (and all particles within) is 13.800 billion years old

Particle physics reproduces the conditions of the Universe just after the Big Bang

Cosmic
Microwave

Background Solar system forms
First stars
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13.8 billion years
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After one microsecond: protons and neutrons
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60 years of experiments at accelerators have discovered
the set of fundamental particles
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What's are particle acclerators?
Why they help us to see the basic constitutents
of the universe?

Microscopes Binoculars Optical, radio telescopes

Particle physics looks at matter in its smallest dimensions and
accelerators are very fine microscopes or, better, atto-scopes!

L=h/p: @LHC: T=1TeV =>A1=1018m

CERN AC - Z11 - V11/5/98
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Accelerators also bring us toward the Big Bang

* Trip back toward the Big Bang: t =1/E*-.,

ns=
*T =1 ps for single particle creation

*T =1 us for collective phenomena QGS (Quark-Gluon Soup)

But we are left with the task of explaining how the rich

complexity that developed in the ensuing 13.7 billion years
came about...

Which is a much more complex task!



THE MAIN COMPONENTS
OF THE LHC ACCELERATOR Accelerating CAVITY
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Method of Particle Physics with Colliders

1) Concentrate energy on
particles (accelerator)

2) Collide particles (recreate
conditions after Big Bang)
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How do particles obtain their rest mass? Why so different ?

Mass of particles
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Science Is getting more and more global

Distribution of All CERN Users by Location of Institute on 12 January 2017

MEMBER STATES

Austria 99
Belgium 159
Bulgaria 47
Czech Republic 239
Denmark 76
Finland 126
France 950
Germany 1343
Greece 142
Hungary 65
Israel 74
[taly 1564
Netherlands 173
Norway 91
Poland 275
Portugal 111
Romania 103
Slovakia 86
Spain 365
Sweden 113
Switzerland 511
United Kingdom 942

7654

OBSERVERS

Japan 294
Russia 1046

USA 2018

| |

ASSOCIATE MEMBERS

India 213

Pakistan 45

Ukraine 30 416 Algeria |
Argentina 24

ASSOCIATE Armenia 19

MEMBERS IN Australia 39

THE PRE-STAGE Azerbaijan 3

TO MEMBERSHIP Bangladesh 4
Belarus 23

gyprus 12 sqf B, i3
Canada 180

Chile
China
Colombia
Costa Rica
Croatia
Cuba
Ecuador
Egypt
Estonia
Georgia

Hong Kong 21
Iceland 5
Indonesia 9
Iran 34
Ireland 9
Korea 163
Latvia |
Lebanon 3
Lithuania 17
Madagascar 2

-

Malaysia 12
Malta 9
Mexico 60
Mongolia 2
Morocco 10
New Zealand 8
Oman 3
Peru 3
Saudi Arabia |
Singapore 4

Slovenia 22
South Africa 58
Taiwan 74
Thailand 17
TFYROM 2
Venezuela 1
Viet Nam |

1338




Intergovernamental Organization
based in Geneva

Mission:

4 science: fundamental research in particle physics (many
discoveries, e.g. Higgs boson)

U technology and innovation = transferred to society (e.g.
the World Wide Web, medical applications)

U training and education

4 bringing the world together: ~ 17000 scientists, > 110
nationalities

Samuel Ting,
Nobel prize, 1976

CERN staff member T. Berners-Lee,
inventor of the WEB, with Kofi Annan

and CERN DG Luciano Maiani in 2003 Carlo Rubbia,
‘ Nobel prize, 1984
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CERN and LHC
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Large Hadron Collider (LHC) - a very complex machinery

Superinsulation
Superisolation ; Shrinking cylinder / helium vessel
Cylindre de frettage / enceinte a hélium

BT

Vacuum vessel
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Superconducting coils
Bobines supraconductrices

Main quadrupele bus bar
Jeu de barres de I'aimant quadripéle'principal

N— \ . . v
O gy
Beam pipe 779, 777‘/‘////// v
Iron yoke Tube de faisceau
Culasséeen fer i

Non magnetic-collars
__ - --Colliers amagnétiques
s 7 TlrAd Sz

Main dipole bus-bar s
Jeu de barres de I’'aimant dipéle principal

Auxiliary bus-bar

Bunch of 10" protons
Jeu de barres auxiliaire Beam 1, anti-clockwise

Paquet de 10" protons
Faisceau 1, circulant dans le sens

More than 20 years to develop and build the LHC dipole magnets

‘ Lucio Rossi — Piacenza GOTICO 2 Dicembre 2017 14



Beyond Pluto - 10 billion km ride through CERN

Hydrogen Bottle ﬁ' ’

Bouteille d'hydrogéene " 4\
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LHC experlments huge detectors (e g. ATLAS)
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1 billion collisions per second
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In a haystack!

25-40 Pile up
—1-2 Billions collisions/s!

Only 1/10 Bil we “can see” a Higgs
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000




2013
Nobel
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...for the theoretical discovery of a
mechanism that contributes to our
understanding of the origin of
mass of subatomic particles, and
which recently was confirmed
through the discovery of the
predicted fundamental particle, by
the ATLAS and CMS experiments
at CERN's Large Hadron Collider
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Ok - we found the Higgs.
Is that the end of particle physics?

No - cosmology tells us differently

No - Standard Model cannot explain everything

)( Lucio Rossi — Piacenza GOTICO 2 Dicembre 2017
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95 % of the mass-energy content of the Universe are
unknown ‘dark energy’ and ‘dark matter’

Stars, Dust,
Planets 5 %

‘Dark Energy 68%
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Dark matter ...? '

Galaxies rotate too fast
Movement of galaxy clusters
Gravitational lensing

Cosmic Microwave Background



Dark energy ’7'

BIG RIP

CONSTANT
DARK ENERGY

Bi1G CRUNCH

SCALE OF THE UNIVERSE

PRESENT FUTURE

TIME

The expansion of the Universe accelerates ...



SUPERSYMMERTRY:
A Superworld ahead of us?

Sheding light on Dark Matter?



Standard Model is our cage: need to go beyond!
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High Luminosity LHC Project: ten time more collisions
than originally planned in the LHC (start 2026)
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High Luminosity T
L HC landmarks 4 |

“CRAB" CAVITIES
8 superconducting “crab”™
cavities for each of the ATLAS
and CMS experiments to tilt the
beams before collisions.

LHC TUNNEL

CIVIL ENGINEERING BENDING MAGNETS
2 new cavemns and two new 300-metre
service galleries, two new large shafts; pomw;\dmnm\ets
10 new technical buildings on surface in P1 and P5 to free up space for the new

(ATLAS and CMS) colimators.

FOCUSING MAGNETS

12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designed to increase the
concentration of the beams before
collisions.

CRYOGENICS COLLIMATORS

2 new large 1.9 K helium refrigerators
for HL-LHC near ATLAS and CMS

15 to 20 new colimators and 60 replacement
collimators to reinforce machine protection.

SUPERCONDUCTING LINKS

Electrical transmission lines based on a
high-temperature superconductor to carry
current to the magnets from the new service
galieries to the LHC tunnel,

CERN May 2016



2016 Full approval of HL-LHC by Councll

2016 HL-LHC new ESFRI landmark (right)

The High-Luminosity LHC Project
ESFRI ROADMAP 2016

PART 1 PART 2 PART 3 ANNEXES
Abstract

B e e e
LHC) is presented. [t includes measurements of the Higgs boson properties with unprecedented

precision and increased potential in the search for new physics. Construction is expected to be
completed by the mid-twenties, and by the mid-thirties the HL-LHC should have provided a tenfold <
increase in the integrated luminosities recorded by the experiments. Main upgrade components

include new-technelogy supercoducting magnets and current leads. The cost of the collider upgrade,

which will be realised within a constant CERN Budget, is estimated to be 950 MCHF. The main

technical challenges, as well as the ongoing R&D work and the main milestones of the implementation

plan, are described.

An upgrade of the highest- HL-LHC
energy particle collider in the
world for exploring new
physics

High-Luminosity Large Hadron Collider

TYPE: single-sited

COORDINATING ENTITY: CERN
MEMBER COUNTRIES: AT, BE, BG,
CH, CZ DE, DK, EL ES, FI, FR, HU, IL,
IT. NL. NO, PK, PL, PT, RO, RS, SE.
SK, TR, UK

PARTICIPANTS: See

ACCELERATOR COLLABORATION

ATLAS COLLABORATION

CMS COLLABORATION

Description

TIMELINE
- ESFRI Roadmap entry: 2016 The Large Hadron Collider (LHC) at CERN is the highest-energy particle collider in
* Preparation phase: 2014-2017 the world. The ATLAS and CMS experiments at the LHC have provided the
« Construction phase: 2017-2025 breakthrough discovery of the so-called Higgs boson. This discovery is the start of a

The 29 ESFRI Landmarks which have now reached the implementation phase are pan-European hubs of scientific
excellence, generating new ideas and pushing the boundaries of science and technology. They are important pillars
of European research and innovation for the next decades and they will require continuous support to fulfil their
mission and ensure their long-term sustainability.
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LHC /HL-LH

LHC
Run 2 Run 3
inpectorn wpssgrade Bto 7 x
splice consolidation crya Painl 4 creolimi HL-LHC narminal
7Tey BIeV button collimators DS collimation inlraction luminosity
R2E project P2-PT(11 T dip.} regions installation :

Civil Eng. P1-P5 H"‘!I

2018

radiatian
experimant experiment upgrade #w neminal Lm "h'if:TEgE experiment
ri:ﬁlm beam pipes nerningl lumiriasily | phasa 1 P ' upg rade phﬂﬁe 2
lurmninoes Ly |

30 fb 150 fb 300 fiy™ el

Lay-out, permits,

Civil engineering tenders,
preparation

Excavation Surface buildings
period

Components Prototypes/Spec Installation

Specificati Installation
Tech Infrastructure peciiications
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Advanced Technology: Nb,Sn
Supercondcuting Magnets
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Advanced Technology:
Supercondcuting Crab Cavities

10‘7mbar 10" mbar

Atf* Pressure
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How to go to Increase collision energy of constituents
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Future circular collider - project study (FCC)

Circular collider in new tunnel
80- 100 km circumference

Circular proton-proton collider
100 TeV collision energy (p+p)

Circular electron-positron collider (VLEP)
(350 GeV c.m. energy, t-tbar threshold)

Schematic of an
80 - 100 km
long tunnel

Lepton-Hadron collider (like HERA)
(50 TeV p + 100 GeV e)

Alternatively:

30 TeV p-p collider in LHC tunnel ?
(16 T magnets )

f '.-.-rr"-;-'-"-. |

CERN )} Y : : : '
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Future circular collider - project study (FCC)

& _EXT 1.4km

e -

Gene\g -

AN -
.-

.rPS

O 2.8km
EXT 1.4km

Google Earth
Image © 2016 DigitalGlobe
Image Landsat / Copemicus

Circumference (km)
Dipole field (T)
C.o0.M. energy (TeV)
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HEP Timescale
019rs wro :: 2ors 2010 2015 2oro zo|25 2oro 20'3

Future Collider |1 owser ! [0 [Comscin
I —
120 years

Today : l CDR & Cost
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HL-LHC prepares the technology for

FCC/HE-LHC

Dipole Field for Hadron Collider

20
HE-LHC
18 )
16 s ———="———= FCC
-E-— 14 HL-LHC _---~
K] 12 Nb,Sn g
: 10 4'_.-""'#
m #...l
s 8 ; _a=” &
c Nb-Ti #‘__..-*" LHC
o 6 Tevatron "‘Jf
e RHIC
. s HERA
2 o=
i SPS & Main Ring (resistive)
1975 1985 1995 2005 2015 2025 2035

Year




Magnet techno

o

Igy for 16 T (twice LHC!)
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FURUKAWA
SUASTEL. A\t

=~ 950 A/mm? @ 16T, 4.2K
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Take the best of each: hybrid magnets (Nb3Sn +HTS)

~

}
A20 T HE-LHC dipole
- Rossi & E. Todesco, (CERN)

Nbs;Sn

e @ s HEEN
,‘Il- .l--Nb T

40 60 80 100 120 140 160 180 200 220 240 260

Cost optimized, graded winding

Single-crystalline-like epitaxial (re

gl Epi-layer Ce0,

=== Epi-layer LaMnO,

>Oriented IBAD Mg0

pemd > 0, Nucleation layer
gre==t> ALO, Diffusion barrier
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AnIso ne «eyes»: giganttic detectors 30-50 m
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FCC Is the natural evolution of HL-LHC but need further
piushed technology advancement ()
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High-field Magnets

Novel Materials
and Processes

Large-scale
Cryogenics
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COMPETITION? YES....
Proposed CEPC+SppC In China

Google earth
C
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Plasma acceleration: 1000 times smaller...
Or 1000 times more powerful?
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Stimulating innovation...

Refining candles would not have led
ndle into electric bulbs ...

... Or making better vacuum tubes would not
have resulted in transistors

Vi
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The evolution of the histogram with two-photon events

ys = 8 TeV

Vs =7 TeV J Ldt=4.83f0 " Nov 3,2011

Ldt=20.65fb ' Dec 9,2012

Events / GeV

ATLAS Preliminary
H—yy channel

AN Higgs boson

—4- Data

— Background-only
— Sig.+Bkg. {mH=126.8 GeV)

140 150 160
M, [GeV]




