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Motivation, goal and scope



Motivation

- European Strategy for Particle Physics 2013:

“...to propose an ambitious post-LHC accelerator
project....., CERN should undertake design studies for
accelerator projects in a global context,...with
emphasis on proton-proton and electron-positron high-
energy frontier machines.....”

- US P5 recommendation 2014:

"....Avery 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...."

M. Benedikt, FCC week, Washington D.C. March 2015




Goal of FCC Study

- Conceptual Design Report
-By end 2018

- In time for next
European Strategy Update




Scope: Accelerator & Infrastructure

FCC-hh: 100 TeV pp collider as long-term goal
—> defines infrastructure needs

FCC-ee: e*e collider, potential intermediate step

| FCC-he: integration aspects of pe collisions

| Push key technologies

In dedicated R&D programmes e.g.

16 Tesla magnets for 100 TeV pp in 100 km
| SRF technologies and RF power sources

| Tunnel infrastructure in Geneva area, linked to
~| CERN accelerator complex
-| Site-specific, requested by European strategy

Infrastructures
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Scope: Physics & Experiments
R R

Wf—\/@

Physics Cases

Elaborate and document
- Physics opportunities
- Discovery potentials

Experiment concepts for hh, ee and he
Machine Detector Interface studies
Concepts for worldwide data services

Cost Estimates

e

hh ee he

Overall cost model

Cost scenarios for collider options
Including infrastructure and injectors
Implementation and governance models




CERN Circular Colliders + FCC

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

| | | |
‘ ‘ ‘ ‘ ‘ ‘ ‘ < 20 years >
- Constr. Physics LEP

Construction Physics LHC
Construction Physics HL-LHC

Future Collider Construction Physics
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Study time line towards CDR

2014 2015 2016 2017 2018

‘Ql Q2 | Q3 | Q4 | Q1 [ Q2 [ Q3 | Q4| Q1 | Q2| QB [ Q4 [ QT | Q2|1 Q3| Q4| Ql [ Q2 | Q3 | Q4

g\) Stuldy p!an, scope definition
Explore options
“weak interaction

conceptual study of baseline}

FCC Week 2015: “strong interact.”
work towards baseline

@ FCC Week 17 & Review
g Cost model, LHC results
FCC Week 2016 > study re-scoping?

Progress review [ Elaboration }

consolidation
FCC Week 2018 {3%t

- contents of CDR
Report J\

| | |
CDR ready @
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Parameters and
organization



Key Parameters FCC-hh

FCC-hh

Parameter

LHC

Energy [TeV] 100 c.m. 14 c.m.
Dipole field [T] 16 8.33
# IP 2 main, +2 4
Luminosity/IP, i, [cm?s™] 5-25x10%| 1x10%
Stored energy/beam [GJ] 8.4 0.39
Synchrotron rad. [W/m/aperture] 28.4 0.17
Bunch spacing [ns] 25 (5) 25
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FCC-hh Luminosity Goals

« Two parameter sets for two operation phases:

 Phase 1 (baseline): 5 x 103* cm=s-1 (peak),
250 fb-t/year (averaged)
2500 fbt within 10 years (~HL LHC total luminosity)

 Phase 2 (ultimate): ~2.5 x 103> cm2s-1 (peak),
1000 fb-t/year (averaged)
= 15,000 fbt within 15 years

* Yielding total luminosity O(20,000) fb-!
over ~25 years of operation

(G=D)



Collaboration Status

« 51 Institutes
« 19 countries
- EC participation




FCC Study Organization
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Infrastructures & Operation topics

- Geology & civil engineering
- Integration

- Electrical distribution

- Cryogenics

- Cooling & ventilation

- Transport & handling

- Installation

- Survey & alignment

- Controls

- Power/energy consumption
- Avallability & reliability

- General safety

- Radiation protection

P. Lebrun, FCC week, Washington D.C. March 2015
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Reliability



Reliability is key for performance

- Improving component
reliability soon reaches
Imits. Cost no longer
justifies efforts

- Road to improve physics
performance (integrated
uminosity) Is to increase esch uminosty gl by educing moroud e
duration of fills and to reduce turnaround
times

- Studies to identify key potentials and to tune
Investment / effectiveness at global level:
LHC as basis, HL-LHC as test-bed

(G=D)




o Operational Cycle
Beam dum
P Squeeze Stable beams
¥ >
>
S
o Setup Ramp
LUl (Ramp down and
Preparation for LHC
next fill) Ramp Down/Setup 45 mins
Injection Injection 30 mins
‘1"1"1"1"1"1' Ramp (7 TeV) 25 mins
Squeeze 20 mins
- - b Stable beams 0—-30 hours
=3000 =2000 =1000 0 e o

Time [s]

Should take this as a basis for FCC-hh as well and see the impact

&)
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P. Collier, FCC kick-off February 2014
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Q Gross scaling : FCC-hh = 4xLHC in terms of equipment

If we assume fault time scales in the same way then, based on
2012 LHC statistics, FCC will never do any Physics!

Injection
4%

Ramp Squeeze DTarnT;, OCtUpR S I CotroTT T TTaosco

% 3%

Ramp
\ 2%
Squeeze

5%

In spite of how it looks LHC operation in 2012 was very good !!




Luminosity = Reliability = Design
requirements

> Integrated Luminosity [fb-1]
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The Reliability work package



Assess If and how industrial RAMS
methods can be used for the FCC

1. Evaluate the suitability of industrially applied
RAMS methods and tools for use Iin particle
accelerator projects

2. Assess benefits for the design of future
accelerators

3. Formulate high level recommendations

4. Train system experts to use selected
methods and tools




Tampere University of Technology knows RAMS

« Big Industries

. Statoll, Procter & Gamble,
Wartsila, Kone, ...

- Integrated operations
 Military

- F18 Hornet reliability
* Nuclear industry

- Posiva nuclear waste
management (encapsulation
plant)

e ... and more > S

- 3.5 people strong team for _
FCC study =i




TUT made RAMS design for Finnish
encapsulation plant

« 3 minutes film

- Challenges
« First of its kind
 Application of new and unknown technologies
« Very high reliability required for certain operations
- Remote handling
« Long operation period (100+ years)




Modeling an existing accelerator will tell if the
methods are applicable

Model LHC with injectors and sub-systems
Collaborate with existing groups and efforts
Availability Working Group, Machine Protection, etc.
Model top-down
Identify key contributors to downtime

Example areas that may be interesting to study
- Impact of injectors
Optimizing turn-around time (fast ramps, injection strategy)
Large scale technical systems (cryogenics)
Machine protection
Maintainability (100km ring)

Feed back results to LHC, HL-LHC, other machines..
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Summary

The FCC study considers availability
key to achieve requested
performance

A work package is defined for RAMS

Tampere University of Technology s
has RAMS expertise and will work for
the FCC study

Work units are defined and about to
start

Findings should be useful to LHC and
HL-LHC as well

More collaborators are welcome...

(G=D)




Additional slides



ﬁw Potential locations : European Strategy : Krakow 2012 ((F&5))

LA

* Location 2:

80km Lakeside option
- Housed in France and Switzerland

* Location 1:
80km Jura option

- Fully housed in France - 10% in Limestones (Jura, Saléve)
- 90% in Jura Limestones - 90% in Molasse
-10% in Molasse - Passes under Lake Geneva

- Around the back of the Saleve
- Connected to LHC
- Shafts every 10km

- Connected to LHC
- Shafts every 10km

o
-----

LEGEND

Potential 80 km ‘Lakeside’ tunnel |
suss Tunnel
Shaft location

£ = | HC tunnel

John @¥bbrAe (T RRN-GS) Option 1: 80km Jura P.Sollander  QOption 2: 80km Lakeside 28







Push technologies to reach goals )
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C\@ Lake Crossing: Tunnelling Considerations 522

John Osborne (CERN-GS)



Water supply
pipelines
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) Geological data in the model (G

NS

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH

Laboratoire Européen pour la Physique de Particules
European Laboratory for Particle Physics

Data in the tool :

GS/SE-DOP CH-1211 GENEVE 23 -Tel: central: +41 (22) 767 6111 - direct 41 (22) 767 3414

Fcc S
b St u dy area bO un d a ry Determination of the geological survey area Gf"ﬁ /

* Molasse-quaternary boundary (top
of Molasse rockhead)

* Limestone-molasse boundary
(molasse rockbottom)

* Limestone roof level refined with
additional seismic data from BRGM,
analysed by Geneva Geo Energy

e Hydrology
* Geothermal Boreholes
* Environmentally sensitive and

protected areas .
e Urban areas ,@7
Legend = “”"‘ m
== o —o-] GRS
I Drawn by : ETL Date: 27/102014 | p 20 o 2% |
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N General tunnel configuration EGD)

LA

e FCC circumference is a | | : Aré: {L_lmf,n H_Hkr;n _
multiple of LHC: | | | Mini-arc (L=3.2km R=13km)
' : : DS (L=0. 4km,R=17.3km)
— 80 km (3.0x LHC)
— 87 km (3.25x LHC) : : _ |
— 93 km (3.75x LHC) : Extrl 1.4 km 5 5 5 Extrz 1.4 krn
— 100 km (4x LHC) : ' ' : 3 3 ' '

CG”l 2. Bkm CGIIZ 2. Bk"n
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(1a) 93km Quasi-circle

Alignment Shaft Tools

Choose alignment option

Geology Intersected by Shafts Shaft Depths

Shaft Depth (m) Geology (m)
Point Actual Min Mean Max Quatemnary Molasse Urgonian Calcaire

Alignment Location

93km quasi-circular ¥

Tunnel depth at centre: 299mASL A i
( = B
Gradient Parameters c
Azimuth (°): -15 D
Slope Angle x-x(%): 5 E
Slope Angle y-y(%): :
G
CALCULATE H
Alignment centre 1
X: 2499812 Y. 1106889 J
LHC Intersection CP1 CP2 K
Angle ; L .
Depth 586m  587m : R s A Fray - Total 2711 2601 2722 2867 586 0 0
Alignment Profile
1000m ~Quaternary
—Lake
200m —Molasse
800m ~ Calcaire
_ ~~Urgonian
700m = *Alignment

‘£800m —Shaft

-

-

& 500m

<<

£ 400m
300m
200m
100m

Okm 10km 20km 30km ) 40km 50km B80km
Distance along ring clockwise from CERN (km)

Geology Intersected by Tunnel
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(2a) 100km Quasi-circle

Alignment Shaft Tools

Choose alignment option

Alignment Location Geology Intersected by Shafts Shaft Depths

Shaft Depth (m) Geology (m)

Point Actual Min Mean Max Q y N Urgonian  Calcaire

100km quasi-circular ¥

Tunnel depth at centre: 263mASL

éradxent Para;neters
Azimuth (°): -20

Slope Angle x-x(%): 65
Slope Angle y-y(%):

CALCULATE
Alignment centre

X 2499731 ) 1108403
LHC Intersection CP1 CP2
Angle -64°  64° 3 L B 258 263 ) y
Depth 218m 170m ~ ; g Total 3145 3017 3154 3287 501 2729 0 0

Alignment Profile

~Quaternary
—Lake
~—Molasse
~Calcaire
~~Urgonian

= *Alignment
—Shaft

I & " moonw

R & -

1000m
200m
800m
700m
’é‘GO’Jm
-
-
& 500m
<<
£ 400m
300m

200m

100m

T0km 80km 20km

Okm 10km 20km 30km . 40km . 50km 80km
Distance along ring clockwise from CERN (km)

Geology Intersected by Tunnel
86.7%
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(1b) 93km Quasi-circle

Alignment Shaft Tools Alignment Locati

Choose alignment option

Geology Intersected by Shafts Shaft Depths

Shaft Depth (m) Geology (m)
Point Actual Min Mean Max Q Mol Urgoni Calcaire

93km guasi-circular ¥

Tunnel elevation at centre:328mASL A
C 2= ‘ B
Gradient Parameters c
Azimuth (°): -15 D
Slope Angle x-x(%): 45 .
Slope Angle y-y(%): 25 G
CALCULATE 6
Alignment centre
H
X: 2499812 Y. 1106889
I
CP1 CcP2
Angle Depth Angle Depth J
LHC 114m 115m K
SPS 140m 40m L
e 140m A0m _ Total 2363 2251 2373 2519 0 0
Ti8 95m 97m > - ’ 3
Alignment Profile
1000m ~Quaternary
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200m —Molasse
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{00m = *Alignment
“£900m —Shaft
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<
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Distance along ring clockwise from CERN (km)
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John G¥R&FA@ (TRINGEK) P. Sollander 38




(2b) 100km Quasi-circle

Alignment Shaft Tools Geology Intersected by Shafts ft Depths

Choose alignment option Shaft Depth (m) Geology (m)

Point Actual Min Mean Max Q Yy | Urgoni Calcaire

100km quasi-circular ¥

Tunnel elevation at centre:327mASL A
[ | B
Gradient Parameters c
Azimuth (°): 20 D - o
Slope Angle x-x(%): 5 e N
Slope Angle y-y(%): 15 -
F
T
CALCULATE 6
Alignment centre
H
X 2499731 Y: 1108403
I
CP1 cP2
Angle  Depth Angle Depth J
LHC -64° 169m 64° 112m K 07
SPS 154m 154m L
e 4m 154m Total 2377 2248 2386 2519 499 1963 0 0
T8 154m 84m
Alignment Profile
1000m —Quaternary
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(i@ Feasibility Study — Early cross sections EE=D

hh machine
Opt. 1: Qint: 6.0 m

6.0 m
Emergency extraction Liahii
duct @1.2m 'ghting
Fixed Curtain Roller curtain
Dismountable blocks
EL - 2 Cable trays
520 mm

EL - 2 Cable trays
520 mm

Cryo Line @800mm

Survey window Electronic racks + shielding

Fire fighting water _ BBk cable
DN 80 Lighting
Demineralized water 2h Fire Protection
DN 40

Helium recovery DN200

Safe passage

Transport Vehicle

Compressed air DN150

Safe passage ventilation

FCC - hh Machine DMS00

Cooling Water 2x

Transport zone DMN400

Personnel Passage

Drainage @1m

CENTER OF RING _

John Osborne (CERN-GS)



CERN

W Feasibility Study — Early cross sections (Fce)

hh machine

Opt. 5: Qint: 4.5 m

@4.5m
@4.5m
Emergency extraction EL - 2 Cable trays
duct @1.2m 520 mm NOTE: Electronics located in the
’ chicane cross-passages
EL - 2 Cable trays H"m. g Roller curtain I P °
520 mm - “‘x / d/’
S . T Lighting

. . . - T
Fixed Curtain — — //// o 66kV cable
Cryo Line @800mm N - Fire Doar
Survey window o
Fire fighting water R 7000

DN 80

Demineralized water
DN 40 —

Helium recovery DN200

Compressed air DN150 e

FCC - hh Machine

Transport zone e
Drainage @1m T

John Osborne (CERN-GS)

i y L 1200 W
/ | \

Cross passage Safe passage

Personnel Passage Guided Transport Vehicle

Drain @1m
Cooling Water 2x
DN400

CENTER OF RING _
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(iw Detector cavern access G=

LA

Shaft (vertical) vs. Inclined tunnel?

~400m

-
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MB — block @ 1.9 K
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1 m diameter “cryostat” envelope
Mechanical concept: Collared coils

Number of apertures () 2
Aperture (mm) | 50
Inter-aperture spacing (mm) 250
Operating current (kA) | 16.4
Operating temperature (K) 1.9
Nominal field (T) 16
b, @ 2/3 Aperture 104 40.5
b, @ 2/3 Aperture 104 2.8
Peak field (T) 16.3
Margin along the load line (%) ~20
Stored magnetic energy (MJ/m)| 3.2
Fx (per ¥ cail) (KN/m)| 7600
Fy (per %2 coil) (KN/m)|-3800
Inductance (magnet) (mH/m) 22.8
Yoke ID (mm) -
Yoke OD (mm) 700
Weight per unit length (kg/m)| 2500
Area of SC (mm?2) 6650
Area of cable low-Jc Nb.Sn (mm?2) 7180
Area of cable high-Jc Nb,Sn (mm?2) 10900
Area of cable Nb-Ti (mm?2) 4000
Turns Low-J Nb,Sn per pole - 19
Turns High J Nb.,Sn per pole 41
Turns Nb-Ti per pole 15

Design by D. Scheerling, J. van Nugteren




Power consumption summary

LHC Steady | FCC-hh Steady | Comment
State Power State Power

[MW] [MW]
Magnet Circuits 20 86.4 Wall-plug, worked out estimate
RF 18 32 Rough estimate
Cryogenics 32 190 To be revisited/refined
Cooling 20 71 Power in cooling water
Ventilation 14 56 Rough, 4 x LHC
Other Machine 2.5 10 Rough, 4 x LHC
General services 13 52 Rough, 4 x LHC
Experiments (10+10+5+5)

1475 527.4 -
SN G=D) |
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