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Future HEP: The Three Frontiers

After the Higgs discovery
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Europe Strategy Group

European Strategy for Particle Physics

Update formally adopted by CERN council at the European
Commission in Brussels on 30 May 2013

The discovery of the Higgs boson is the start of a major
programme of work to measure this particle’s properties with
the highest possible precision for testing the validity of the
Standard Model and to search for further new physics at the
energy frontier. The LHC is in a unique position to pursue this
programme.

Europe’s top priority should be the exploitation of the full
potential of the LHC, including the high-luminosity upgrade of
the machine and detectors with a view to collecting ten times
more data than in the initial design, by around 2030. This
upgrade programme will also provide further

exciting opportunities for the study of flavour m

physics and the quark-gluon plasma.

European Strategy
Update




Europe Strategy Group

European Strate9

.... to propose an ambitious post-LHC accelerator project
at CERN by the time of the next Strategy update™

d) CERN should undertake design studies for
accelerator projects in a global context,

with emphasis on proton-proton and electron-positron
high-energy frontier machines.

These design studies should be coupled to a vigorous
accelerator R&D programme, including high-field
magnets and high-gradient accelerating structures,

in collaboration with national institutes, laboratories
and universities worldwide.

http://cds.cern.ch/record/1567258/files/esc-e-106.pdf




=> The CERN Roadmap

F. Bodry , March 2015

The CERN Medium Term Plan approved by June’14 Council,
implements the European Strategy including a long-term outlook.

The scientific programme is concentrated around four priorities:

1.Full LHC exploitation — the highest priority - including the
construction of the High Luminosity Upgrade until 2025

2.High Energy Frontier — CERN’s role and preparation for
the next large scale facility

3.Neutrino Platform — allow for to contribute to a future long
baseline facility in the US and for detector R&D for neutrino
experiments

4.Fixed-target programme — maintain the diversity of the
field and honour ongoing obligations by exploiting the
unique facilities at CERN



FCC General Yearly Meeting May 2017
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2015 2016 2017

> 500 participants

147 institutes

a lot of young people
(>35% younger than 35)

FCCWEEK2017

Future Circular Collider Conference

BN BERLIN, GERMANY
T | 29 MAY- 02 JUNE

fcew2017.web.cern.ch
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The LHC Upgrade




The LHC Approved LHC Roadmap

F. Gianotti, April 2016
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Approved program at CERN to collect 3000 fb-t with the LHC (HL-LHC)
Maximize the reach for searches and for precision measurements (eg Higgs)
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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 EuCAR{AccNet
N ——— EuroLumMorkshop:
The HighEnergy
i Large Hadron Collider
——— -HELHC10,

R TR LY S E. Todesco and F.
TP %:";t‘ \%’i . Zimmermann(eds),
Tt b EuCARECON2011

;?,w 001; arXiv:1111.7188;

.‘ CERMN2011-003

(2011)

A basd on 16-T dipoles developed for FCC-hh
A extrapolation of other parts from the present (HL-)LHC
and from FCC developments CM Energy 25-28 TeV
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High-Energy LHC

F. Gianotti
FCC meeting
Rome April 2016

Various options,
with increasing
amount of HW
changes, technical
challenges, cost,
and physics reach
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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 Nb;Sn magnets)

A ldentify open risks, needed tests and technical developments, trade-off
between energy and machine efficiency/availability

A Reporton 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 (A as~ 30 TeV)
C uses existing tunnel and infrastructure; can be built at fixed budget

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

C powerful demonstration of the FCC-hh magnet technology




Beyond the LHC

-Proton-pr ot on machines at hi gl
-Electron-posi tron machines for

- 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!




Future Circular Collider Study

Goal: CDR for European Strategy Update 2018/19

International FCC

collaboration (CERN as host
lab) to design:

« pp-collider (FCC-hh)
- main emphasis, defining
infrastructure requirements

~16 T =100 TeV pp in 100 km

e 80-100 km tunnel
infrastructure in Geneva area,
site specific

« e*e collider (FCC-ee),
as a possible first step

Schematic of an
80 - 100 km
¢ long tunnel
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suggested

in 2010

« p-e (FCC-he) option, one IP,
FCC-hh & ERL

« HE-LHC w FCC-hh technology
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Study plan, scope definition

Explore options

work towards baseline

FCC Week 2019

FCC Week 17 & Study Review
-> confirmation of baselines
->» converge to CDR content

conceptual study of baseline
develop baseline <|> detailed studies

-> |dentify critical areas

J

FCC Week 2016
Progress review

1-PHYSICS
2
Hadron
Collider
Summary

4
Lepton
Collider
Summary

elaboration, FCC Week 2018
consolidation = CDR Review

@ |

| CDRediting

]
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CDR ready

CDR plans

3 - Hadron Collider Comprehensive

Accelerator Injectors Technologies

Infrastructure Operation  Experiment eh

5 - Lepton Collider Comprehensive

Accelerator Injectors

Technologies

Infrastructure Operation Experiment

7 — High Energy LHC Comprehensive

Accelerator

Injectors Infrastructure

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




Optimisation in view of accessibility
| surface points, tunneling rock type,
shaft depth, etc. optimum: 97.5 km

The FCC Home -- 2017

8

Tunneling
* Molasse 90% (good rock),
| * Limestone 5%, Moraines 5% (tough)

| Shallow implementation

2 *  ~30m below Léman lakebed

|« Reduction of shaft lengths etc...

* One very deep shaft F (476m)
(RF or collimation), alternatives being
studied, e.g. inclined access

= Quaternary

- Lake

800 Wildflysch
Molasse subalpine

— Molasse
Limestone

— Shaft

= = Alignment

mASL () _



common layouts for hh & ee
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Max. separation of 3(4) rings is about 12 m:
wider tunnel or two tunnels are necessary
around the IPs, for +£1.2 km.

IP
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Sharing the FCC experimental caverns
(Prelim. layout as of FCC-Rome meeting)
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HE-LHC :

constraints:

No civil engineering, same beam height as LHC

-> Magnets OD ca. 1200 m max

QRL (shorter than FCC) OD ca. 850 mm (all included)

Magnet suspended during ,handover”
from transport vehicle to installation transfer table

Compliant 16T magnet design ongoing
+ stillrviariy items to study! Alain Blondel Tt

3700




LHeC or FCC-eh function as an add-on to
LHC or FCC-hh respectively:

additional 10km cicumference

Electron Reciculating Linac ERL.

The possibility to collide FCC-ee with
FCC-hh is not considered in the
framework of the study

In the case of FCC-eh it could profit from
the -- then existing -- FCC-hh,

and, perhaps, from considerable RF of
the -- then dismantled -- FCC-ee




Recent FCC-ee parameter list

9/4/17

Zz w H tt
Circumference [km] 97.750
Bending radius [km] 10.747
Beam energy [GeV] 45.6 80 120 175
| Beam current [mA] 1390 147 29 6.4
| Bunches / beam 18800 2000 375 45
' Bunch spacing [ns] 15 150 455 6000
' Bunch population [10%] 1.5 1.5 16 29
Horizontal emittance ¢ [nm] 0.267 0.26 0.61 1.33, 202
Vertical emittance « [pm] 1.0 1.0 1.2 2.66, 3.1
- Momentum comp. [10] 14.79 7.31 7.31 7.31
 Arc sextupole families 208 292 292 292
Betatron function at IP
- Horizontal p* [m] 0.15 0.20 0.5 1
= Vertical p* [mm)] 0.8 1 1.2 2
' Horizontal beam size at IP o* [um] 6.3 7.2 17 45
Vertical beam size at IP o* [nm] 28 32 38 79
' Free length to IP /" [m) 2.2
' Solencid field at IP [T) 2
Full crossing angle at IP [mrad] 30
Energy spread [%)]
- Synchrotron radiation 0.038 0.066 0.10 0.145
- Total (including BS) 0.130 0.153 0.14 0.194
" Bunch length [mm]
- Synchrotron radiation 3.5 3.27 3.1 2.4
= Tetal 11.2 7.65 4.4 3.3
Energy loss / turn [GeV] 0.0356 0.34 1.71 7.7
SR power / beam [MW] 50
Total RF voltage [GV] 0.10 0.44 20 | 9.5
RF frequency [MHz] 400
Longitudinal damping time [turns] 1281 235 70 23
Energy acceptance RF / DA [%] 1.9, 1.9, 2.4, 5.3, 2.5 (2.0)
Synchrotron tune Q. -0.025 -0.023 -0.036 -0.069
Polarization time w» [min] 15040 a05 119 18
Interaction region length L [mm)] 0.42 1.00 1.45 1.85
Hourglass factor H (L) 0.95 0.95 0.87 0.85
| Luminosity/IP for 2IPs [10* cms] 215 31.0 7.9 1.5
Beam-beam parameter
- Horizontal 0.004 0.007 0.033 0.092
- Vertical 0.134 0.126 0.141 0.1%0
Beam lifetime rad Bhabha, BS [min] 72 54 42 47, 70 (12)

10




Luminosities for Future ee colliders
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A. Blondel, Lepton-Photon 2017



FCC-ee Physics Runs

* FCC-ee physics goals (sum of two IPs): A. Blondel LP17
* 150 ab! at and around the Z pole (88, 91, 94 GeV)
* 10 ab! at the WW threshold (~161 GeV with a +/- few GeV scan)
*5ab!atthe HZ maximum (~240 GeV)

* 1.5 ab! at and above the ttbar threshold (a few 100 fb! with a scan
from 340 to 350 GeV, and the rest at 365-370 GeV)

* Assumptions:

* 200 scheduled physics days per year, i.e. 7 months — 13 days of
MD/stops.

* “Hlbner factor” H=0.75 (lower than value achieved with top-up
injection at KEKB, ~0.8).

* Half the design luminosity in the first two years of Z operation,
assuming machine starts with Z (similar to LEP-1; LEP-2 start up was
much faster)

* Machine configuration between WPs is changed during winter
shutdowns (effective time of about 3 months/year)
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“Ampere-class” machine

]

V_ 19t (GV) [n_bunch |_beam (mA)
IMPLEMENTATION AND RUN PLAN 02 | wwo [ ()
0.8 5260 152
3 780 30
Three sets of RF cavities for FCCee & Booster: A 81 6.6
* Installation as LEP ( =30 CM/winter) “high gradient” machine
* high intensity (Z, FCC-hh): 400 MHz mono-cell cavities, = 1MW source
* high energy (W, H, t): 400 MHz four-cell cavities, also for W machine
* booster and t machine complement: 800 MHz four-cell cavities
* Adaptable 100MW, 400MHz RF power distribution system
=>» Spreads the funding profile
(0000 (common RF for both
beams)
Z 150 abl w 19/;1&{ ZH thresh 5ab*! tt thresh + tt 365 1.5ab*
O ayes 2y [0 ayes 000 syes | Fecth

=

hd

8 M 68 main RF system

e
4 CM 10

= we ¢

40 114 booster |

indicative: 2(comm) + 2 2 3 5

total ~14 years




FCC-ee Detectors

A. Blondel LP17




