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Discoveries by colliders, INou BpliokOuaoTe onuepa?
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Colliders are powerful instruments in High Energy Physics
for particle discoveries and precision measurements



Many open guestions, Nou BpliOKOUAOTE OrUEPQ?

» Standard model describes known matter, i.e. 5% of the universe! What
about the remaining 95%?
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what is dark matter?
what is dark energy?
why is there more matter than antimatter?

why do the masses differ by more than 13 orders of magnitude?
do fundamental forces unify in single field theory?

what about gravity?

Is there a “world equation — theory of everything”? ...

galaxy rotation curves, 1933 - Zwicky
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Roads to Discovery, O1 dpouol Tn¢ AvakaAuwng

Particle colliders are powerful instruments in physics for discoveries and

high precision measurements that could reveal new phenomena.
1000000

® Lepton Colliders
100000 M Hadron Colliders
@ Linear Colliders

10000
-Tevat’rgn’.’
1000 L ILC - CLIC ILC
_-Mspps

-

° FCC
g o
100 -1SR

g
TRISTAN
DORIS. PEP

10 100 TeV pp > 10 ¥ m

® ADONE discovery of new
particles at 10 TeV
mass scale

—
S
]
Y
—
&
]
c
)
c
R
]
©
(& ]
(7]
wv
©
£
Ll
Q
)
S
whd
[
Q
)

PRIN-STAN

T T

1980 2000 2020 2040 2060
Year




Motivation for launching the study — A global
vision for the future of particle physics

“CERN should undertake design studies for accelerator projects in a global
context, with emphasis on proton-proton and electron-positron high-energy

frontier machines.” -European Strategy for Particle Physic

”A very high-energy proton-proton collider is the most powerful tool for direct
discovery of new particles and interactions under any scenario of physics results
that can be acquired in the P5 time window...” -US Particle Physics Strategy (P5)

”...ICFA supports studies of energy frontier circular colliders and encourages

global coordination...” -ICFA



Expanding our Horizons
Future Circular Collider Study.

International collaboration with CERN
as

exploring the feasibility of several
particle collider scenarios with the aim

of significantly expanding the current .
: Schematic of an

energy and luminosity frontiers.

g 80-100 km
g long tunnel

. -collider and alternative
e+e- collider as potential first step

* High-Energy LHC scenario

. infrastructure in
Geneva area



Strategic Goals

1. Make funding bodies aware of strategic needs for research community
(ENHMEPQZH IN'A XPHMATOAOTHZH)

2. Provide sound basis to policy bodies to establish long-range plans in
European research area (XTPATHI'IKH INA EPEYNA ZTHN EYPQIH)

3. Strengthen capacity and effectiveness in high-tech domains (NPOQOH2H
YWHAHZ TEXNOAOTIA)

4. Provide a basis for long-term attractiveness of Europe as research area
(AIATHPHZH THZ EYPQMAIKHEZ MPQTOMOPIAY STHN EPEYNA)



HEP Timescale
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FCC-hh Key Parameters

Parameter FCC-hh LHC

Crergy [TeV 00em [Taom

Luminosity/IPm[cm's ]

Synchr. rad. [W/m/apert.]
Bunch spacing [ns] 25 (5)




Tevatron (closed)
Circumference: 6.2 km

Energy: 2 TeV



Large Hadron Collider

Circumference: 27 km

Energy:
-14 TeV (pp)
- 209 GeV (e*e’)



Future Circular Collider

Energy:
- 100 TeV (pp)
- >350 GeV (e*e’)




Baseline Layout for Study

Schematic of an
| 80 - 100 km
‘ long tunnel




Adgnment Location

Notto scale
wency of connection el fo stration only

= Quaternary

=Lake

= Wildfiysch
Molasse subalpine

~Molasse
Limestone

= Shaft

= *Allgnment

40km

50k
Distance along ring clockwise from CERN (km)




Future Circular Collider - Tunnel Layout, Texvikd XapakTnpIoTIKA

100 km tunnel - 6 m inner diameter
4 large experimental caverns

8 service caverns

12 x 4 vertical shafts

2 transfer tunnels (10 km)

2 beam dump tunnels (4 km)




Different technological domains covered by the

FCC study:

- Designs for future @
colliders.

\Arc Design
IR Design //

Collider Designs

- Tunnel Infrastructure
in Geneva area.

- Technologies
pushed in dedicated
R&D programs.
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Physics Cases

- Discovery areas.

- Design of new
detectors.

- Overall cost models.

Infrastructures

R&D Programs

Cost Estimates |
()




FCC high-field magnets

« FCC requires 16 T magnets

« Design with sufficient
aperture (50 mm)

 Meet operation

requirements
— margins,
— field quality and stability,
— cycled operation,
— equipment protection,
— reliability and maintenance
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Time Indicator Superconducting magnets
LHC magnets — from concept to series production

Conceptual studies
R&D

Development

Industrialization

Series production
 Industry participation
Total



Push Novel Technologies

Novel Materials

and Processes
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Large-scaie
Cryogenics

Power Efficiency

Reliability &
Availabilit

Global Scale
Computing




B LHC orders placed
OINo orders placed

Distribution of high-tech LHC orders

Magnets _
Low-Temp. Materials _

Vacuum Comp. & Chambers —

Cryogens (Storage & Transport) _

Power Cables And Conductors _

Measurement And Regulation -

Refrigeration Equip. -

Precision Machining Work 1

Active Electronic Comp. -
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FCC collaboration status

116 research centers &
universities

European Commission
32 countries
22 companies

Geographically balanced
Topically complementary

Promote ownership among
Participants



Large, scale research and technlcal mfrastructure
conceptual design study 2014 — 2019.

Drlven by international contributions
Establish long-term liaisons with industry.

Strengthen long-term attractiveness of Europe
as‘feading large-scale researth lgegtion
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(FE5)) FCC-hh detector — new reference design

6T, 12m bore solenoid, 10Tm dipoles, shielding coil 4T, 10m bore solenoid, 4T forward solenoids , no shielding coil

- 65 GJ Stored Energy - 14 GJ Stored Energy

-> 28m Diameter ﬁ -> Rotational symmetry for tracking !
- >30m shaft - 20m Diameter (= ATLAS)
-> Multi Billion project - 15m shaft

- = 1 Billion project




CDR Study Timeline

Study plan, scope definition

Explore options

FCC Week 2019

conceptual study of baseline

develop baseline <|> detailed studi

FCC Week 17 & Study Review
-> confirmation of baselines

-> converge to CDR content

- ldentify critical areas

)

work towards baseline

@

FCC Week 2016
Progress review

elaboration, FCC Week 2018
consolidation > CDR Review

@

[ CDR editing




Hadron
Collider
Summary

Physics
opportunities

across all
scenarios

6
High
Energy
LHC
Summar

Conceptual Design Report

3 - Hadron Collider Comprehensive

5 - Lepton Collider Comprehensive

7 - High Energy LHC Comprehensive

Refs to FCC-hh, HL-LHC, LHeC

Required for end 2018,
as input for European
Strategy Update

Common physics
summary volume

Three detailed volumes
FCChh, FCCee, HE-LHC

Three summary
volumes FCChh,
FCCee, HE-LHC



(E=5) FCC Advisory Committee

* IAC composition to cover all study areas, 17 members

» Important role as expert review committee for study and CDR preparation
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FCC week for presentation of
information, followed by
executive review session to
discuss key issues.

FCC week Berlin & 29/30 June
@ CERN.

FCC week 2018 (9-13 April
2018, Amsterdam) + mid-May
@CERN



EMaboration & Industry Relations




EAAHNIKH 2YMMETOXH

2TH MEZH KAI 2THN ANQTATH EKTMAIAEYZH ENATINOKEITAI H MPOQOHZH
KAI EMINNEYZH TON NEQN EMNMIZTHMONQN 2E TETOIA MEAAONTIKA
[MPOIrPAMMATA IMOY AHMIOYPIOYN 2YNOHKEZ:

 YWHAHZ EKMNAIAEYZHX
« [MPOHITMENHZ TEXNOAOTIIAZ

« ANABAOMIZHX THZ OIKONOMIAZ



