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 Linear Colliders in the HEP world-wide landscape

« The Compact Linear Collider (CLIC) concept
* Design and new parameters recently adopted
« Main challenges and key issues
* The facilities to address the feasibility issues
* Plans and schedule

o Fruitful contribution of Russian Institutes
« Conclusion
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= High Energy Physics after LHC

CLIC a world-wide consensus

In 1999 ICFA pointed out:
- compelling and unique scientific The European strategy for particie physics

opp_ortun|t|e§ al a_lmear electron- Unanimously approved by the CERN
positron collider in the TeV energy Council at the special Session held in
range. Lisbon on 14 July 2006

- & necessary Complement to the LHC 4. In order to be in the position to push the energy and

hadron collider under construction at luminosity frontier even further it is wvital to strengthen
CERN. the advanced accelerator R&D programme; a coordinated
prograntme should be intensified, to ‘dewhp the CLIC techmology

and high performance magnets for future accelerators, and to play

A
= = I a significant role in the study and development of a high-intensity
Two Options: neutrino facility.
* ILC based on SC tEChnOIOgy in the 5. Itis fundamental to complement the results of the LHC with
TeV energy range (W.BialowonS) measurements at a linear collider. In the energy range of

0.5 to 1 TeV, the | e E

will provide a unique scientific opportunity at the precision

 CLIC based on novel Two Beam frontier; there should be a strong well-coordinated European
scheme in the Multi-TeV energy range activity, including CERN, through the Global Design Effort, for

its design and technical preparation towards the construction
decision, to be ready for a new assessment by Council around

e Close collaboration on common issues 2010.
I CERN/2685
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LINEAR COLLIDER (CLIC) STUDY

CLIC http://clic-study.web.cern.ch/CLIC-Study/

Site independent feasibility study aiming at the development of a
realistic technology to extend e-/e+ linear collide
TeV energy range: .

v E energy range complementary to LHC < o,

=>E_,, = 0.5- 3 TeV TR
v' L > few 1034 cm-2with acceptable background

= E.,, and L to be reviewed when LHC physics results avail. @
v' Affordable cost and power consumption

™
— [ ————————

Physics motivation: http:/iclicphysics.web.cern.ch/CLICphysics'
"Physics at the CLIC Multi-TeV Linear Collider: | R
by the CLIC Physics Working Group:CERN 2004-5

Present goal:

Design of a Linear Collider based on CLIC technology and address all key
feasibility issues described in a Conceptual Design Report including Cost
estimation by 2010
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CLIC TUNNEL
* High acceleration gradient: > 100 MV/m CROSS-SECTION

+ "Compact” collider - total length < 50 km at 3 TeV

Normal conducting acceleration structures at high
frequency

« Novel Two-Beam Acceleration Scheme
» Cost effective, reliable, efficient
- Simple tunnel, no active elements
* Modular, easy energy upgrade in stages

QUAD

POWER EXTRACTION
STRUCTURE

45m diar\neter ‘

ACCELERATING
STRUCTURES

Main beam — 1 A, 156 ns
from 9 GeVito 1.5 TeV
100 MV/m
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Drive beam - 95 A, 240 ns
12 GHz —64 My from 2.4 GeV to 240 MeV

BPM
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drive beam accelerator Comblcr:g#ggnsces drive beam accelerator
2.37 GeV, 1.0 GHz ) delay loop 80.3m (| 2.37 GeV, 1.0 GHz
CR1160.6 m

1 km CR2481.8m 1 km
delay f'e'ay Drive Beam
I 00 )
oo @ @ " Generation Complex

~ )decelerator 24 sectors of 868 m
N
C (r C BDS BDS

NN
e main linac , 12 GHz, 100 MV/m, 21 km

IP1

e+ mam linac

48 km

CLIC overall layout
3 TeV

booster linac,
9GeV, 2 GHz

e injector
2.4 GeV

e* injector,
2.4 GeV
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Main Beam
Generation Complex

Main & Drive Beam generation
complexes not to scgle



2nd phase: 5(
500 GeY

3 TeV nominal parameters

D0 GeV luminosity upgrade
/ nominal parameters

4th phase: 3 TeV luminosity upgrade

CLIC

Nominal

1.E+34

500 GeV con

Luminosity (cm-2 sec-1)

1rst phaseg: Initial operation

servative parameters

1.E+33

CLIC

Conserv

3rd phase: 0.5 to 3 TeV energy upgrade
3 TeV conservative parameters

0 1 2
Energy (TeV)

3
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— e pm——<=—New CLIC main parameters
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http://cdsweb.cern.ch/record/950185

Center-of-mass energy CLIC 500 G CLIC 3 TeV
Beam parameters Conservative Nominal Conservativ Nominal
Accelerating structure 502 G
Repetition rate (Hz) 50
Loaded accel. gradient MV/m 80 100
Main linac RF frequency GHz 12
Overall linac length km 4.4 20.8
Bunch chargel0® 6.8 3.72
Bunch separation ns 0.5
Beam pulse duration (ns) 177 156
Beam power/beam MWatts 4.9 14
Hor./vert. norm. emitt (10-6/10-°) 3/40 1/30 1/30 0.66 /20
Hor/Vert FF focusing (mm) 8/0.1 4/0.1
Hor./vert. IP beam size (nm) 221/2.8 128 /2.5 70/1.1 40/1
Total site length km 12.8 48.3
Wall plug to beam transfert eff 7.8% 7.2%
Total power consumption MW 125.6 389



http://clic-meeting.web.cern.ch/clic-meeting/clictable2007.html
http://cdsweb.cern.ch/record/950185

L1C main parameters (under progress)

| )y _
lepl’/@c meeting.web.cern.ch/clic-meeting/clictable2007.html;

http://cdsweb.cern.ch/record/950185

(]
’-l'l'l\

Center-of-mass energy NLC ILC CLIC 500 G CLIC 500 G
500 GeV 500 GeV Conservativ Nominal
Repetition rate (Hz) 120 5 50
Loaded accel. gradient MV/m 50 33.5 80
Main linac RF frequency GHz 11.4 1.3 (SC) 12
Overall linac length km 7 11 4.4
Bunch chargel0® 7.5 20 6.8
Bunch separation ns 1.4 176 0.5
Beam pulse duration (ns) 400 1000 177
Beam power/linac (MWatts) 6.9 10.2 4.9
Hor./vert. norm. emitt (10-6/10-°) 3.6/40 10/40 3/40 1/30
Hor/Vert FF focusing (mm) 8/0.11 20/0.4 8/0.1
Hor./vert. IP beam size (nm) 243/3 640/5.7 221/2.8 128/ 2.5
Total site length (km) 18 31 12.8
Wall plug to beam transfer eff. 7.1% 9.4% 7.8%
Total power consumption MW 195 216 125.6
W\ T~ Delaraye CLIC to RUPACO8 (29 - 09 - 08) 9
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- High Beam Power (several MWatts)
- Wall-plug to beam transfer efficiency as high as possible (several %)
- Generation & preservation of beam emittances at I.P. as small as possible (few nmrad)

- Beam focusing to very small dimentions at IP (few nm)
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hooster linac,
9GeV

CLIC has two damping rings each for e* and e
e mecr, | Y8=381/vey= 4.1 nm rad for 4.1*10° particles at 2.4 GeV
246eV | Design based on wigglers with short period and high field
Superconducting and Room Temp. versions being considered
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10 — Beam emittances at Damping Rings
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1 = Beam sizes at Collisions
R.M.S. Beam Sizes at Collision in Linear
Colliders
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N «—lcntafive long-term CI I1C scenario

= — —)gLIC : : : :
Shortest, Success Oriented, Technically Limited Schedule

Technology evaluation and Physics assessment based on LHC results
for a possible decision on Linear Collider funding with staged
construction starting with the lowest energy required by Physics

|2007|2008|2009|201(§2011 2012] 2013 ] 20141 2015 2016] 2017 | 2018 | 2019 | 2020 2021 2022 | 2023

Feasibility issues (Accelerator&Detector)
Conceptual design and cost estimation

Design finalisation and technical design

Engineering optimisation

Project approval & final cost

Construction accelerator (poss. staged)
Construction detector

CDR TDR| | Project Cirst
approval ? Beam
y J.P.Delahaye CLIC to RUPACO8 (29 - 09 - 08) 14
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CLIC/CTF3 Multi-Lateral

) ——————
CL'C Collaboration of Volunteer Institutes
27 Institutes involving 17 funding agencies from 15 countries

Organized as a Physics Detector Collaboration

Collab. Board: Chair: M.Calvetti/INFN; Spokesperson: G.Geschonke/CERN
MoU with addenda describing specific contribution (& resources)

http://clic-meeting.web.cern.ch/clic-meeting/CTFE3 Coordination Mtg/Table MoU.htm

Members (full responsibility of work packages and providing corresponding resources):

® CERN members with additional voluntary contributions:

CERN, Finland (HIP), France (IRFU, LAL, LAPP, LURE), ltaly (LNF),
Norway (Oslo U.), Spain (CIEMAT, UPC, IFIC), Sweden (Uppsala),
Switzerland (PSI), UK (Cockcroft, JAI, RHUL)

 CERN non members with voluntary contributions:

India (RRCAT), Pakistan (NCP), Russia (BINP, AP, JINR), Turkey
(Ankara U., Gazi U.), Ukraine (IAP), USA (NWU, SLAC, JLAB)

VIoU under discussion: China (Tsinghua Univ.), Iran (IPM),
J.P.Delakaye CLIC to RUPACO8 (29 - 09 - 08) 15
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Ankara University (Turkey)
Berlin Tech. Univ. (Germany)
BINP (Russia)

CERN

CIEMAT (Spain)

Finnish Industry (Finland)
Gazi Universities (Turkey)

27 collaborating institutes

IRFU/Saclay (France)

Helsinki Institute of Physics (Finland)

IAP (Russia)

IAP NASU (Ukraine)

Instituto de Fisica Corpuscular
(Spain)

INFN / LNF (Italy)

J.Adams Institute, (UK)

JASRI (Japan)

JINR (Russia)

JLAB (USA)

KEK (Japan)

LAL/Orsay (France)
LAPP/ESIA (France)

LLBL/LBL (USA)

NCP (Pakistan)

North-West. Univ. lllinois (USA)

Oslo University
PSI (Switzerland),

Polytech. University of Catalonia (Spain)
RAL (England)

RRCAT-Indore (India)

Royal Holloway, Univ. London, (UK)
SLAC (USA)

Svedberg Laboratory (Sweden)

Uppsala University (Sweden)


http://clic-meeting.web.cern.ch/clic-meeting/CTF3_Coordination_Mtg/Table_MoU.htm
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http://upload.wikimedia.org/wikipedia/commons/4/41/Flag_of_India.svg

IC organizational Chart

h%/'cﬁ—studv.web.cern.ch/CLIC—Studv/Mtqs Wkag Grp.htm

CLIC Advisory Committee
T.Raubenheimer/SLAC

o

Conceptual Design Report
Editorial Board —
H.Schmickler

Y J.P.Delahaye
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ST ﬁ’CLIC

- Demonstrate feasibility of CLIC technology
* Major key issues addressed in CTF3

- Design of a linear Collider based on CLIC technology
http://clic-study.web.cern.ch/CLIC-Study/Design.htm

- Estimation of its cost in the CERN area
+ CLIC Physics study and detector development:

http://clic-meeting.web.cern.ch/clic-meeting/CLIC Phy Study Website/default.html

- Conceptual Design Report including cost by 2010

J.P.Delahaye CLIC to RUPACO8 (29 - 09 - 08) 18
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T ———Strateqy to address key issues
=== cLIC .

- Key issues common to all Linear Collider studies
independently of the chosen technology in close
collaboration with the International Linear Collider
(ILC) study:

*+ On Accelerator Test Facility (ATF1&ATF2@KEK)

* With European Laboratories in the frame of the Coordinated
Accelerator Research in Europe (CARE) and of a "Design
Study” (EUROTeV) funded by EU Framework Programmes (FP6
presently and FP7 "EUCARD" Integrated Activity from 2009)

- Key issues specific to CLIC technology:
* Focus of the CLIC study

» All R1 (feasibility) and R2 (design finalisation) key issues
addressed in test facilities: CTF1,2,3@CERN

J.P.Delahaye CLIC to RUPACO8 (29 - 09 - 08) 19



" FEruitful CLIC /ILC Collaboration

m = ( —
——>CLIC

- Constructive exchange of view with B.Barish during his
visit at CERN in Nov 07

http://www.linearcollider.org/cms/?pid=1000465

+ Collaboration meeting with ILC Project managers and
specific experts on 08/02/08 at CERN for collaboration
on subjects with strong synergy between CLIC and ILC:

1) Civil Engineering and Conventional Facilities
2) Beam Delivery Systems & Machine Detector Interf.
3) Detectors

4) Cost & Schedule

5) Beam dynamics & Beam Simulations

+ Mandate and work plan by nominated conveners:
http://indico.cern.ch/conferenceDisplay.py?confId=27435

J.P.Delahaye CLIC to RUPACO8 (29 - 09 - 08) 20
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(* common issue with ILC)

—m-mm——<—=— CLIC R&D Major Test Facilities

\
= cLIc*
- Host Organized Issues Tentative Date
Test Facility Name Lab by of demonstration
Test of damped accelerating TBTS in CL:EX:200
structure at design gradient and S in CL:EX 9
pulse length
Validation of the drive beam CTF3 complex:
generation scheme with a fully 2005 to 2009
. CLIC/CTF3 | loaded linac
CLIC Test Facility CTF3 CERN collaboration Design & test of PETS ON-OFF TBL in CLEX: 2010
Validation of beam stability and )
losses in the drive beam TBTS in CLEX: 2009
decelerator, .
Test of a relevant linac sub-unit TBTS in CLEX: 2009
with beam
SLAC NLCTA SLAC SLAC Accelerating Structures 2007-2010
KEK KEK KEK Accelerating structures 2008-2010
Accelerator Test ATF . -
Facility ATF KEK Collaboration Damping Ring 2009-2010
Cornell Test CESR- Cornel Damping Ring:* _
Accelerator TA Cornell electron cloud* 2005-2010
National Synchr. Damping Ring:
Light Source NSLSIT BNL BNL Hor. Emittance: 2 micrometer 2010
Swiss Light Damping Ring:
Source SLS PSI PSDI Vert. emittance: 10 nm 2010
o H . H x
Beam Delivery ATF-2 KEK ATF Beam Delivery: strong focusing 2010

t Facility

Collaboration

& 35 nm vert beam sizes*

J.P.Delahaye
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i M_)f% major CLIC technology key issues
Chdfressed in CLIC Test Facility (CTF3)

First Accelerator R&D recognized as Physics Experiment (Grey Book)

2004 200

. [

—— | /

—— __ >
30 GHz sta/d and laser I_H|_I'_—|'

= room 2004 - 2009 CLEX 2007-2009 TL2:2007  Combiner Ring: 2006

total length about 140 m >

From 2005: Accelerating structures Development& Tests (R2.1)
2007- 2008: Drive beam generation scheme (R1.2)

2008- 2009: Damped accelerating structure with nominal parameters (R1.1)
ON/OFF Power Extraction Structure (R1.3)
Drive beam stability bench marking (R2.2)
CLIC sub-unit (R2.3)

J.P.Delahaye CLIC to RUPACOS (29 - 09 - 08) 22
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HW & Beam C rlnrélomng and RF power production for structure tests

£ Demonstrate Drive Beam generation
(fully loaded acceleration, beam intensity and bunch frequency multiplication x8)

< Demonstrate RF Power Production and test Power Structures (PETS)

® Demonstrate Two Beam Acceleration and test Accelerating Structures

“rﬁ_




Drive beam generation with

o _f"l%égm [oading acceleratlon in CTF3 Ilnac

- Measured RF-to-beam
effucuency 95.3%

- Theory 96%
(~ 4 % ohmic losses)

pulse at stru(i':ture irjput

1.5 M beam pulse

Dipole modes suppressed by slotted iris analogsignal . o I . .
damping (first dipole's Q factor < 20) : ;
and HOM frequency detuning

MKSO0 MKSO05 MKSO06 MKSO07

Spectrometer Spectrome;r%
4 10
@ J.P.Delahaye CLIC to RUPACO8 (29 - 09 - 08) 24
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—m-m-m——s=<=—eam intensity and RF frequency
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maﬁﬁﬁmmisﬂoning of the Combiner ring

m = ( —
——>CLIC

| Intensity and Frequency F
multiplication by factor 4 (3 to 12 GHz)

-10. 0-
5600 5800 6000 6200 6400 6600 6800 ?l]l]l]\
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test stand

Power extraction &
transfer structure (PETS)

Produced power at 30 GHz up to about 100 MW — long pulses (up to
300 ns) available for the first time

@ J.P.Delah» Structure tests started’in 2005/+8 structures tested until now 28
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=

» Tris thickness = 2 mm In its final configuration, PETS
» R/Q =2258 ) comprises eight octants

LY/ group= 0.453 separated by the damping slots.
= Q=7200 Each of the slots is equipped
«P/C=-134 with HOM damping loads. This

arrangement follows the need to
provide strong damping of the
transverse modes.

» E surf. (135 MW)=56 MV/m
* H surf. (135 MW) = 0.08
MA/m (AT max (240 ns, Cu)
= 1.8 €9)

To reduce the surface field concentration in the presence of
the damping slot, the special profiling of the iris was adopted.

S-parameters, dB

-5p | | |

tg I E EE: %mg@s% CLIC Power Extraction and Transfer

11 115 12 125 13
Frequency, GHz

A Y
T ‘.\\‘_‘\..‘\ v

FTRALTALALARAAAALALA N

------

|. Syratchev
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A shining example of fruitful collaboration:
T18 VG2.4 disk: Designed at CERN,

(without damping) Built at KEK,
RF Tested at SLAC

-4
10 foo-f------C- P------- r-----o0c P------- r-oIIIIIIlzIIIIi:
¢ T18230nsafter250 h |--ooi —
8 T18 230 ns after 500 h ::::::i::::::::%::::;:_Irif'ff:::
O T18230 ns after 1000 h -~~~ o= ¥ oo
2 P : e Improvement by
3 RF conditionning
L
2
o
:
=
= : : . : : : L T
o i I i i HE S T~ '
@ 10" o B B e e e e e e CLIC nominal
;}?:?::::::::::::::::::::::::::E::::::::?:‘:_;..F_'fgﬁ'::::::::::::::::::::::::::
I - A A A
I Rt ot LA S SRR S
100 L | L= | | | |

96 98 100 102 104 106 108 110 112

Average unloaded gradient (MVIm) 31
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< Rf to beam transfer efficiency

RF to beam Efficiency temp stabilised (%)

Accelerating Structure Performances

40.00
ILC design
35.00 PlizjoSZC CLIC design
. 500 GeV
30.00
NLC design :
CLIC design
25.00 11.4 GHz 3 TeV o
20.00
T18vg2.4
A 114 GHz
15.00 2008 [ |
10.00
SLC operation
Single bunch
A
000 T T T T T
0.00 20.00 40.00 60.00 80.00 100.00 120.00

Loaded Average Accelerating Field (MV/m)
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\ COOLING CIRCUITS
ACCELER. STRUCTURE

RF DISTRIBUTION (BRAZED DISKS)

VACUUM MANIFOLDS

BEAM
INSTRUMENTATION

1300

CRADLES

ALIGNMENT
SYSTEM

INTERCONNECTIONS PETS (MINI-TANK) PETS (OCTAN

20760 modules (2 meters long)

71460 power production structures PETS
(drive beam)

143010 accelerating structures Main Beam

(m a | n b e am) %,_‘, — BLIC TUMMEL TYFIC
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- Budker Institute of Nuclear Physics (BINP):

- Development and fabrication of quadrupole & sextupole magnets
* Development of Super-Conducting Wiggler magnet

- Institute of Applied Physics (TAP)

* Experimental studies of Power pulse heating of RF structures
at high field with high power gyro-klystron at high frequency

* Lasers development
* Design of CLIC drive beam modulators and klystrons

- Joint Institute of Nuclear Research (JINR/DUBNA)

- Computer control of Power Test Stand and automatic RF
conditioning

* Mechanical design

J.P.Delahaye CLIC to RUPACO8 (29 - 09 - 08) 34
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You are all kindly invited
and Welcome to part|C|pate

. : - : Moriog - e ; _q;_-“" -iw,,‘?a‘#k .,,,‘ ;I.n; sy ”
|vae |C LIC'08 is an Accelerator and Physms Workshop whi&ﬁ fdﬂéws the véﬁ successful-'fst Workshop -
|Venue Details |0f this klnd. held at CEBN ll'l 0(:1;2007 : o : - o -

ccommodation z P : 'l-.;ln- - a R -'; i o

= }I_lnﬁ'mrrj‘;ﬁ“of i =5 ..l'" : P OIS

| Registration |' —— .._“"""”" Sa g e e X -". ! -_ka‘;.-kk -
|Genem; information | . Rewem toward& CLuiC FeaSIblllty Demonstrhtmpand Con’cmai Daslgn. Repoi 1
P | 2010+This includes Items of Il_l‘; CLIC Eomrporgn'teres’f as defmed in, the recently estawé_‘hg oo
W ocking Coups | .ILC -CLIC Collaboration:.. 5. ou = o
_..imfmﬁm e | “. Identify the R&D, F&ﬂ'tles and Engmeermg Efforts needed:m the periﬂ'ﬁfter 2010 to \;
lpmgmmdmm T | ~ + progress from a Conceptual Design to a Technical Design. . - ' S SRl

. Address Pa.ﬂu;le Physms and Detedtor Issues of a Multi-TeV Linear Colllder
Local Organising Committee Tl
s J.-#. ‘f & -

-
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+ CLIC study well on track to address major issues and
demonstrate feasibility including cost to be published in
a Conceptual Design Report by 2010

* CTF3 on schedule with installation completed (except TBL).

- Commissioning under progress.

- CLIC/CTF3 collaboration strong of 27 Institutes
extremely fruitful and expanding

- Excellent spirit of collaborative competition with ILC

- Contribution of Russian Institutes warmly appreciated:

* Further participation on CLIC feasibility and technical design
welcome
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Cost (arbitrary scale

CLIC

Energy (arbitrary scale)
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7><% Power flow @ 3 TeV
N — ~ ~
CLIC Wall Plug 389.2W
Modulator 260.4 MW
252.6 MW auxiliaries |
Nree =-93
_ - aux = 0.97 Main beam injection, magnets,
nuy = .90 Power supplies . .
) Klystrons services, infrastructure
ne = .70 and detector
148.0 MW 128.8 MW
Drive beam | Ms=-95
acceleration | n,=.977 / \
— 0
137.4 MW 13.7 MW nplug/RF 38.8 %
F(o) = .97 x.96 | Drive beam .= 0
n, = .84 pOWer extr. Dumps N RF/malin 27 1%
107.4 MW @
Nrgs = -98
PETS
101.1 MW K /
(2 x 101 kJ x 50 Hz)

Main Nge = 277
linac 28 MW Main beam
y J.P.Delahaye
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—— % Luminosity challenges

T —) CLIC 2*1034Cm 25 1 @ hlgh energy (3 TeV)

Beam size at Interaction Point (rms) : 6, = 40nm, 6, = 1nm

Issues:

» generating small emittance beams

e emittance preservation

« alignment and vibration control

» final focus ( Beam Delivery System)

Final Focus Main beam

quadrupoles quadrupoles
Jitter tolerances Vertical ~0.2 nm > 4 Hz ~1nm> 1 Hz
Horizontal 2nm>4 Hz 5nm>1Hz

work ongoing,
Proof-of-principle: quadrupole stabilized to < 0.5 nm in vertical plane
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_
Prospects for Scientific Activities over the Period gtk il

2012 - 2016

To be decided in 2010-2011 in light of first physics results from LHC, and
designed and R&D results from the previous years. This programme could most
probably comprise:

8 An LHC luminosity increase requiring a new injector (SPL and PS).

The total cost of the investment over 6 years (2011-2016: 1000-1200 MCHF + a
staff of 200-300 per year. Total budget: ~200-250 MCHF per year.

1 Preparation of a Technical Design for the CLIC programme, for a possible
construction decision in 2016 after the LHC upgrade (depending on the ILC
future).

Total CERN M + P contribution + ~250 MCHF + 1000-1200 FTE over 6 years.

8 Enhanced infrastructure consolidation: 30 MCHF + 40 FTEs from 2011.

NB: Over the period 2012-2016. Effective participation of CERN in another large
programme (ILC or a neutrino factory) will not be possible within the expected
resources if positive decisions taken on LHC upgrade and CLIC Technical Design.
This situation could totally change if none of the above programmes is approved
or if a new, more ambitious level of activities and support is envisaged in the
European framework.




el | kateColliders Technically Driven Scenarii?
A look into the crystal ball !
2007 20081 2009 | 2010 | 2011 | 2012 | 2013|2014 2015 2016 | 2017 ] 2018 | 2019 {2020 { 2021 | 2022 | 2023 | 2024
LHC Operation + LHC upgrade SLHC Operation
ILC
CLIC /
Commissioning & Operation
Project approval & final cost
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