
1
1

A Glimpse of the Future 

of Particle Physics         

Albert De Roeck
CERN, Geneva, Switzerland
Antwerp University Belgium

UC-Davis California USA

NTU, Singapore

March 30th- April 2nd Muscat



2

Europe Strategy Group
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Similar recommendation from the Snowmass studies in the US

Europe Strategy Group
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=> The CERN Roadmap
F. Bodry , March 2015
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Will concentrate here on the Energy Frontier

Evaluation in all

regions: Europe

Asia, the Americas

European strategy group

Snowmass study and IP5

Japan strategy group

2012-2014

Future HEP: The Three Frontiers  

After the Higgs discovery
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FCC General Yearly Meeting May 2017

Slides from M. Benedikt, M. Mangano, W. Riegler, Y. Wang, F.Zimmerman, A Blondel
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Collider Characteristics
• Hadron collider at the frontier of physics

• huge QCD background

• not all nucleon energy available

in collision

• Lepton collider for precision physics

• well defined initial energy for reaction

• Colliding point like particles

• Candidate next machine after LHC

• pp, e+e-, he collider

• energy determined by LHC discoveries

• study in detail the properties of the new 

physics that the LHC finds and search for 

new physics BSM.

p p

e+ e- Simulation of HIGGS production e+e– → Z H 

Z → e+e–, H → bb

Simulation of HIGGS LHC
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Circular versus Linear Collider

Circular Collider
many magnets, few cavities, stored beam

higher energy → stronger magnetic field

→ higher synchrotron radiation losses (E4/m4R)

Linear Collider
few magnets, many cavities, single pass beam

higher energy → higher accelerating gradient

higher luminosity → higher beam power (high bunch repetition)

source main linac

N

S

N

S

accelerating cavities
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The LHC Upgrade
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LHC Outlook and Plans

Approved LHC program to collect 3000 fb-1

In total with the LHC (HL-LHC)

Maximize the reach for searches and for 

precision measurements (eg Higgs) 

All LHC experiments plan upgrades

for either 2019-2020 or 2024-2026

for the High Luminosity LHC upgrade 

(ATLAS and CMS)

LHC will run till ~2037

Only 2% of the collisions delivered

so far…

Then a high energy LHC (28 TeV)? 
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High-Energy LHC??

FCC study continues effort on high-field collider in LHC tunnel

2010 EuCARD Workshop Malta; 

Yellow Report CERN-2011-1

• based on 16-T dipoles developed for FCC-hh

• extrapolation of other parts from the present (HL-)LHC 

and from FCC developments

EuCARD-AccNet-
EuroLumi Workshop: 
The High-Energy 
Large Hadron Collider 
- HE-LHC10, 
E.  Todesco and F. 
Zimmermann  (eds.), 
EuCARD-CON-2011-
001; arXiv:1111.7188; 
CERN-2011-003 
(2011)

CM Energy 25-28 TeV
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Various options, 

with increasing 

amount of HW 

changes, technical 

challenges, cost, 

and physics reach

16 TeV vs 14 TeV

WG set up to explore technical feasibility of pushing LHC energy to:

1) design value: 14 TeV

2) ultimate value: 15 TeV (corresponding to max dipole field of 9 T)

3) beyond (e.g. by replacing 1/3 of dipoles with 11 T Nb3Sn magnets)  

 Identify open risks, needed tests and technical developments, trade-off 

between energy and machine efficiency/availability

 Report on 1) end 2016, 2) end 2017, 3) end 2018 (in time for ES) 

HE-LHC (part of FCC study): ~16 T magnets in LHC tunnel ( √s~ 30 TeV)

 uses existing tunnel and infrastructure; can be built at fixed budget

 strong physics case if new physics from LHC/HL-LHC

 powerful demonstration of the FCC-hh magnet technology

28 TeV vs 14 TeV

High-Energy LHC

F. Gianotti

FCC meeting

Rome April 2016
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High-Energy LHC
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High-Energy LHC (HE-LHC)

2-GeV Booster

Linac4

SPS+,
1.3 TeV

HE-LHC
16-20T 

Dipoles



16

Proton-proton machines at higher energy…

Electron-positron machines for high precision…

Both? And allowing for electron-proton collisions..?

New projects will take 10-20 years before they turn

into operation, hence need a vision & studies now!  

Beyond the LHC
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Future Circular Colliders
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Constr. Physics LEP

Construction PhysicsProtoDesign LHC

Construction PhysicsDesign HL-LHC

PhysicsConstructionProto

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

20 years

CERN Circular Colliders and FCC

DesignFCC

Now is the right time to plan for the period 2035 – 2040

Goal of phase 1: CDR by end 2018 for next update of European Strategy
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Luminosities for Future ee colliders 
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FCC-ee Physics Runs

A. Blondel LP17
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FCC-ee Detectors

A. Blondel LP17
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FCC-ee Discovery Potential 

A. Blondel LP17
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FCC-ee: Need for Precise Theory
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Parameter FCC-hh HE-LHC (HL) LHC

collision energy cms [TeV] 100 27 14

dipole field [T] 16 16 8.3

circumference [km] 100 27 27

beam current [A] 0.5 1.12 (1.12) 0.58

bunch intensity  [1011] 1 (0.5) 2.2 (2.2) 1.15

bunch spacing  [ns] 25 (12.5) 25 (12.5) 25

norm. emittance gex,y [mm] 2.2 (2.2) 2.5 (1.25) (2.5) 3.75

IP b*
x,y [m] 1.1 0.3 0.25 (0.15) 0.55

luminosity/IP [1034 cm-2s-1] 5 30 25 (5) 1

peak #events / bunch Xing 170 1000 (500) 800 (400) (135) 27

stored energy / beam [GJ] 8.4 1.4 (0.7) 0.36

SR power / beam [kW] 2400 100 (7.3) 3.6

transv. emit. damping time [h] 1.1 3.6 25.8

initial proton burn off time [h] 17.0 3.4 3.0 (15) 40

Hadron Colliders (pp)
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16 Tesla Magnets
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New Design 2017

FCC-hh Reference Detector 2017 
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FCC-hh Discovery Highlights
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Supersymmetry
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This hit the news 

end if 2015!

What is all about??

Y. Wang
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2012-2014:  idea

2015 pre-CDR

The CEPC/SppC Design (China)
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Site selection ongoing

Possibilities among others..
Qinhuangdao (1 hr by train from Beijing)

Close to Hong-Kong?...

SppC CEPC

6m

The CEPC/SppC Civil Construction
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Alternative CEPC Sites



37August 12, 2017

• CEPC data-taking starts before the LHC program ends

• Possibly con-current with the ILC program

design issues 

R&D items

preCDR

design, funding 

R&D program

Intl. collabration

site study

seek approval, site 

decision

construction during 14th

5- year plan

commissioning

CEPC Schedule (ideal)CEPC Schedule (Ideal)

X. Lou LP17
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Future Circular Colliders: Summary

• FCC collider design is being developed as option for 

future flagship project at CERN for the world-wide high 

energy physics community. It includes hh-ee-eh options

– Goal is to have CDR ready by end 2018 for European 

strategy update. No show stoppers so far

– https://indico.cern.ch/category/5153/

• A High Energy LHC scenario is also being studied (again)

• SppC//CEPC in China is moving to a CDR phase

– Detailed magnet R&D program ramping up for hh-mode

• Detailed physics studies for pp at 100 TeV, e+e- and ep at 

FCC in progress. Interested people are very welcome to join!

https://indico.cern.ch/category/5153/
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Linear e+e- Colliders

 

The international 

linear collider (ILC)

Max CM energy 0.5-1 TeV

Discussed in Japan!

The compact linear collider 

(CLIC)

Max CM energy ~3 TeV

R&D project
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State of the art accelerating cavities

ILC goal: 35 MV / m

CLIC goal: 100 MV / m



42



43

Other Experiments: The SHiP Proposal

SHiP is a proposed new general purpose fixed target facility at the CERN SPS 

for exploring the domain of hidden particles

Hidden particles:  low mass particles (O(1-10) GeV) with very weak interactions

Example: heavy neutral leptons   

Can explain dark matter 

and baryon asymmetry in 

the Universe

νMSM: neutrino minimal standard model

Starting ~ 2027?An experiment at the CERN SPS
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Axion Search
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KM3NET

Wikipedia: 5 km3 distributed over the mediterranian

In Toulon, Sicily, Pylos
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First physics results in 2020?
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Other Experiments: Examples

A new g-2 measurement experiment at FNAL

Solve the 3σ discrepancy seen by the BNL exp.

Starting taking data soon; in progress

An improved μ-> e measurement experiment at FNAL

neutrinoless muon-to-electron conversion lepton-flavor violation) process

begin construction in 2015. Start taking data in 2019, first results in 2020

Intensity frontier!
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Neutrino Program in the US/Japan

Neutrino mass hierarchy

CP violation? 

Sterile neutrinos?

CERN is participating in 

this program
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You Inst Logo

Neutrino Oscillation Physics and More… 
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You Inst Logo
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You Inst Logo
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You Inst Logo
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You Inst Logo
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You Inst Logo
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You Inst Logo
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European Strategy Upgradse
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Summary
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