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Outline

* The FCC project: FCC-hh, HE-LHC, FCC-ee, FCC-eh
- Scope and Parameters

- FCC-hh: layout, optics: collimation system, implementation and integration,
SC magnets and special technologies

- HE-LHC: optics and integration

- FCC-ee: optics, magnets, MDI, SRF, Klystrons
- FCC-eh: parameters, ERL, SRF and cryo

- Summary and outlook

= The LC projects: ILC, CLIC

- |LC accelerator: status and optimization
- CLIC accelerator: status and rebaselining
- Summary and outlook

French-Ukrainian
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http://cern.ch/fcc

Scope of FCC Study

International FCC collaboration (CERN as
host lab) to study:

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

e ~100 km tunnel infrastructure in
Geneva area, site specific

« et*e-collider (FCC-ee), as potential first

Schematic of an

80 - 100 km step
long tunnel : : :
« p-e (FCC-he) option, integration one IP,
e from ERL

« HE-LHC with FCC-hh technology
« CDR for end 2018

~16 T = 100 TeV pp in 100 km [



FCC-pp collider parameters Eur=CirCol
parameter FCC-hh HE-LHC HL-LHC
collision energy cms [TeV] 100 27 14 14
dipole field [T] 16 16 8.33 8.33
circumference [km] 97.75 26.7 26.7 26.7
beam current [A] 0.5 1.12 1.12 0.58
bunch intensity [1011] 1 1(0.2) 2.2 (0.44) 2.2 1.15
bunch spacing [ns] 25 25 (5) 25 (5) 25 25
synchr. rad. power / ring [kW] 2400 101 7.3 3.6
SR power / length [W/m/ap.] 28.4 4.6 0.33 0.17
long. emit. damping time [h] 0.54 1.8 12.9 12.9
beta* [m] 1.1 0.3 0.25 0.20 0.55
normalized emittance [um] 2.2 (0.4) 2.5 (0.5) 2.5 3.75
peak luminosity [1034 cm-2s-1] 5 30 25 5 1
events/bunch crossing 170 1k (200) ~800 (160) 135 27
stored energy/beam [GJ] 8.4 1.3 0.7 03 ]




FCC-ee collider parameters

parameter Z W H (ZH)

cm collision energy [GeV] 91 160 240 350
beam current [mA] 1400 147 29 6.4
no. bunches 71000 7500 740 62
bunch intensity [1011] 04 0.4 0.8 2.1
bunch spacing [ns] 25/5.0 40 400 5000
SR energy loss / turn [GeV] 0.036 0.34 1.71 7.72
total RF voltage [GV] 0.25 0.8 3.0 9.5
long. damping time [turns] 1280 235 70 23
horizontal beta* [m] 0.15 1 1 1
vertical beta* [mm] 1 2 2 2
horiz. geometric emittance [nm] 0.27 0.26 0.61 1.33
vert. geom. emittance [pm] 1.0 1.0 1.2 2.66
bunch length with SR & BS [mm] 4.1 2.3 2.2 2.9
luminosity [1034 cm-2s-1] 130 16 5 1.4 8




FCC-hh new layout EureCirCol

A B mmm | DS
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Z ’— —, New features:
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Two high-luminosity experiments (A & i+ Exp Inj B - Overall length 97.75 km

G) * Economy length 2.25 km
* Two other experiments combined with

. Tniect :

inj ectlon. (L & B). : 1 4 km njections upstream side of

* Two collimation insertions experiments
* Betatron cleaning (J) y

< : : * Avoids mixing of extraction region
Momentum cleaning (F) J I I B-coll «— 28km —» extraction I'l, D and high-radiation collimation

* Extraction insertion (D) ’ areas
* Clean insertion with RF (H)
e Compatible with LHC or SPS as 1.4 km
injector / 1 \
RF
~  Exp. Taking this layout as fixed

.
\ e (for CDR preparation)
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Eur::CirCol
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Full integrated lattice exists

» Lattice imperfection studies ongoing, injection dynamic aperture OK, @collision ongoing

* Dynamic aperture optimization in iteration with magnet design (balancing errors at injection/collision)
« Tentative specifications for magnets correctors and alignment tolerances
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Alignment Shafts Query

Geology Intersected by Shafts Shaft Depths

Choose alignment option Shaft Depth (m) Geology (m)
Vdvariation_v2017-2 _‘_’_I Point Actual Molasse SA Wildflysch Quaternary Molasse  Urgonian Limesi
Tunnel elevation at centre:322mASL A
Grad. Params B
Azimuth (°): -235 c o
Slope Angle x-x(%): 0.3 D 205
Slope Angle y-y(%): 0.08 E ¢
Alignment centre G
X: 2490041 Y: 1107760 H
CP1 CP2 1 98
Angle Depth Angle Depth J 248
LHC 37° 49m -40° 83m " =
SPS 121m 126m 5
TI2 121Tm 126m - ‘
T8 51m 118m Total 2449 66 0 492 1892 0
Alignment Profile
P :(LJ::;ernary
1600m — Wildflysch
Molasse suba
1400m —Molasse
1200m Limestone
- — Shaft
%OOOm = +Alignment

(72}
<t 800m
£

Okm 10km

30km

km

Distance along ring clockwise from CERN (km)

30km

90km

Optimisation in view of
accessibility surface points,
tunnelling rock type, shaft
depth, etc.

Tunneling
* Molasse 90%, Limestone
5%, Moraines 5%

Shallow implementation

* ~30m below lakebed

* Reduction of shaft length
and technical installations

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

Geology Intersected by Tunnel Geology Intersected by Section 11

4.7%



FCC-hh integration Eur::CirCol

6000

Basic layout following LHC concept
6 minner tunnel diameter

 Main space allocation:

1200 mm cryo distribution line (QRL)
1480 mm installed cryomagnet

3700

1600 cryomagnet magnet transport
« >700 mm free passage.

12



CEESD) The SC Magnets

16 T magnets target:

a reference design for the 16 T dipoles, including integration in cryostat;
a concept for the magnet and circuit protection;
an estimate of the cost for the series production;

But many unknowns:

conductor cost

achievable conductor performance, no enhancements expected within 2018
electromechanical performance of conductor and cable not yet fully characterized
achievable magnet performance (required margin) has a major impact on cost

No Nb,;Sn magnet operating in a particle accelerator in 2018

13



~S=Y) The SC Magnets

The Conductor (Nb;Sn) Development Global Program:

r
6 d TVEL

**I1350(A/inmE @
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((FES)) 16 T cryo-dipole integration approach uctico

Design strategy: develop a single 16 T magnet, compatible with  Example magnetic cryostat

both HE LHC and FCC-hh requirements: coldmass 401, total mass 62t
* Goal is reduction of external diameter to ~¥1200 mm o
* Options und consideration: =
-
- Allow stray-field and/or cryostat as (partial) return-yoke =um £
- Active compensation with (simple) shielding coils
- Optimization of inter-beam distance (compactness of coils) =
*  (QRL integrated in magnets, > negative impact on integral field E
because of longitudinal space required for service module (5%)) —p
ROXIE
3 s ~ Only magnetic elements shown
—> Smaller diam. also relevant for FCC-hh cost optimization ww
—> Design optimization for specific project after decision ronyoke | 600

Aluminium shrinking cylinder 600 740
Stainless steel He tight shell 740 760

Al radiation shield 934 940

15 Vacuum vessel (magnetic steel) [kibo] 1220




The SC Magnets

The evolution of the dipole designs:

Blocks .Il.llm!"” h‘d'“ Com::i)l'; =

LT
7.4 ktons .I[ ]I;“- 9.2 ktons

I

C. Lorin, CEA F. Toral, CIEMAT

Canted
Cos—thetal cos-theta
, , 9.8 ktons
7.4 ktons -' ]
1 - 1 & -V % ' PR
2 NV gk & e AV ik &
0 120 140 160 180 200 ({» %\,% ) g— %% ]
V. Marinozzi, INFN ZA N B. Auchmann, PSI

All designs stable and optimized (eclinitial estimate of 9000 tons) 16



Eur::CirCol
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units/tons
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o

—superconductor (tons) |

—magnets produced

—magnets tested

—magnets installed

-22 -21 -20 -19 -18 -17 -i6 -i15 -14 -13 -12 -11 -10 S -8 -7 6 -5 -4 -3 -2 -1 0

year

Qualification Long models and prototypes >> Scale up >> Serie(sngortod/u)ction
ons/y

Superconductor

>

Series production

Euro— Short Long
Prototypes
C|rCoI models models 502631 Serles 2035-41
Design 2018-23 2023-27 2031-35 (1200 magnets/y) cold

>Hub1

> Hub 2 >

tests

Series tests
(1200 magnets/y)

agnets

Total duration of
magnet program:

~20 years

Would follow

on HL-LHC
Nb3Sn program
with long models
with industry
from 2023/24

1]



The companions in this effort:

',i. The U.S. Magnet
' 7 Development Program Plan
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<= )) The SC Magnets

The companions in this effort:

U*} ,/

Nb.Sn Rutherford cable

SPPC 12-T

Caq rey design of t
wi ﬁ nd common e

Significant engagement
in HFM technology

Q. Xu, IHEP
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r. & sext. strengths,

geometry & dynamic aperture, aperture requirements, injection energy, etc.

dipole length, m
number of dipoles
dipole field, T

cell quad gradient, T/m

13.56
1280
16.3
289.5

14.1
1280
15.68
215.9

12.39
1424

16.04
340.0
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Present working hypothesis for HE LHC design:
No major CE modification on machine tunnel and caverns

 Similar geometry and layout as LHC machine and
experiments

« Dueto 16 T dipole field and increased cryogenic load,
magnet cryostat and cryo distribution line (QRL) larger
than for LHC.

« Challenges for tunnel integrationand QRL& 16 T
cryostat design.

*  Maximum magnet cryostat external diameter
compatible with LHC tunnel: 1200 -1250 mm

« Classical 16 T cryostat design based on LHC approach
gives ~1500 mm diameter!

©3800

| I—
| |

100

o

g

(0)]

10040 1200
fex ) |

609

-
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Beam transfer

Service caverns + deVICGS
access shafts
Electrical alcoves ——— 1
Connection tunnels 4—ﬂ
/ - Normal
Beam vacuum Manufacturing conducting
Magnet Cold Bore technologies
= s Transverse magnets

feedback

Beam vacuum
induced dynamic effects

Radiation Hardness
of Electronics

‘ .
: s
= P parameters Beam dumps ‘
for beam-induced
Robotics effects
CryoPlants
efficiency
Beam
instrumentation
Cryomagnet \
insulation Lojudh |\ 8 8 8 & 22—

vacuum - 12




(ESS)) Nb/Cu crab cavity for FCC-hh / HE-LHC

Ql Q?.a sz Q3 D1 D2 crab cavities

e PO
-

MCBXFB[HV].1 MCBXFB[HV].2 MCBXFA[HV].3 MCBRDH.4 MCBRDV.4
* Performance of both HE-LHC and FCC-hh phase 2 based on crab cavities!

Schematic layout:
i n E. Cruz-Alaniz,
0 %2%,
J J I Nov. 2016, Barcelona

-
-

C
C

* Development of compact Nb/Cu SC crab cavity based on ridged waveguide resonator

* Low longitudinal and transverse impedances, provides natural damping for HOMs

* Compatible with 200 mm inter-beam distance | | FCC-hh \
== RF frequency [MHz] 400
Cutaway view of FCC ci Total voltage V [MV] 18 (uncertainty +20%)
— Available length [m] 20
Beam separation [mm] 250 (maybe 204 soon)
Average beta in the ring [m]  (339+67)/2 = 203
Beta* [m] 0.3
Crossing angle [urad] 89
Beta at CC location [m] 10100 + 10900

23



FCC

ne=F= The beam vacuum

Beam Vacuum:
*  One of the most critical elements for FCC-hh

* Absorption of synchrotron radiation at ~50 K for cryogenic efficiency (5 MW total power)
* Provision of beam vacuum, suppression of photo-electrons, electron cloud effect, impedance, etc.

FCC Beamscreen prototype for test at ANKA:
External copper rings for heat transfer to cooling tubes




(CES5D)) The beam instrumentation

Beam Instrumentation:
 BPMs:

Electronics prototype in order to measure the resolution for turn by turn measurements (single bunch)
for signals levels corresponding to 5x108 protons measured with a 30 mm button.

Paper study for a BPM with 4+N sensors for interlocked BPMs.

e Transverse profiles:

Development from a gas-jet sheet monitor to a gas-jet scanner. Simulations and construction of a
prototype.

Theoretical & experimental studies to improve halo diagnostics from a contrast ratio 10-4 to 10-6
including apodization and a semitransparent cover for the central beam. Studies of parasitic light sources
and their mitigation.

X-ray interferometry for proton profile evaluations

* Versatile communication link (rad-hard) based on HEP chips and fibre optics

SFP 2017 3-7 July 2017 25



Motivations for optics changes since Rome:

Mitigation coherent beam-beam instability at Z working point
* Smaller px*
* 60°/60° cell in the arc (larger emittance and momentum
compaction), also mitigates microwave instability
Fitting ee layout to the footprint of the new FCC-hh layout
Adapt optics for the “Twin Aperture Quadrupole” scheme for arc
quadrupoles

0.002 ‘ , : : ey T— 20
00018 | Q27002 —— 18
W'w‘- ________
00016 | ; i 16 .
0.0014 | ,}W 1 14
. 00012 ﬁ‘ ’é\ 12
£ ooor || 2 10 N
? 0008 | ﬁ B 8 i
0.0006 ‘;’ 6 €L
0.0004 -_—/ 1 4 B T -
oozt Simulation D. Shatilov 2 - Simulation K. Ohmi
. . . . . 1 | ] |
’ 0 500 1000 1500 2000 2500 3000 0 0 1000 2000 3000 4000 5000

Turn

turn

Dynamic aperture studies
45.6 GeV, B*x,y = (0.15 m, 1 mm)
B e e L B e T‘T"l L e e e e _i"]""l" —T T T T T T T

I I N
7/ \\
» \
7 ;!3' N

Ay/oy, Ap, /oy

X
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&% )) FCC-ee dual aperture main magnets

Prototyping launched of main dipole and quadrupole magnets (~1 m units)

Dipole: Quadrupole:
twin aperture yoke, single busbars as coils twin 2-1n-1 design

320 mm

midplane shield
for stray field

0 05T 10T
|

* Considerable savings in Ampere-turns and power consumption - 760 mm -

by novel dual aperture designs 0 0757 157
i _

* Power consumption twin quad: 22 MW at 175 GeV with Cu coil (half of single-aperture quads) and
power consumption twin dipole: = 17 MW at 175 GeV with Al bus bar

21



e Detailed IR design, beam pipe diameter 3 cm throughout, symmetric final focus, L* =2.2 m
e Ta shield 1 cm, SR mask tips, Sum Au in central section to cope with SR at high energy
* Design of HOM absorber to avoid trapped modes in central chamber

10

DHOM Absorber S|

Central detector
beam pipe +/-
12.5cminZ
radius=15m

Central detectq
SA inside +/-150

28



CECSY) The SRF

The SRF Roadmap “evolution”:

10" —

YW Wy

S T, [. ' l ' >

i \ The path to the future
o 107} -i E q \
‘09 1

0 20 40 60 80
Eace (MV/m)

ce s £ 58X ?>

SFP 2017 3-7 July 2017 29




The SRF High-Q Roadmap:

Physics of
- Surface
Resstance

2018 2020 2022 2024 2026
Understand the field dependence of BCSsurface Apply gained knowledge and
resistance and effect of different impurities develop new understanding for

alternative materials
Understand origin of residual resistance and itsfield dependence
Understand trapped magnetic flux lossesand flux trapping

Continue exploration with nitrogen in
Nb at different temperatures

Probing the ultimate limitsof Nb RF sunface
resistance by doping with different impurities

Study Nb doping at different frequencies and temperatures

Doping for new materials

Pursue current promising path forward for material in bulk Nb;Sn studies for ayomodule
form (Nb;Sn) —explore and optimize coating technigues and operation
treatments for single cell/ multi-cell cavities
Explore SSfor Nb;Sn
Evaluate altermative materials, bulk or film
(NDbN, NbTiN, MgB,) first on samples, then
on cavities
Drastically reduce sensitivity to magnetic flux for Nb and new materials
In situ removal of trapped magnetic field (in ayomaodule)
Develop Materials Specsto
ensure maximum flux detrapping
Q=>4x10%at 2 K 1.3 GHz and E£,.,.>35 MV m Pesdi=!
resistance
Nb,Sn: E.__>20 MW m with Q,> <7 rX2in
1x10'° at 1.3 GHz, 4.2 K ayamodude




The SRF High-Gradient Roadmap:

Limits

2018 2020 2022 2024 2026 2028
Probing the fields above H,,on Probing the limitsof accelerating field on
samples sub-nanosecond time scales

EBvaluate feasibility of > DC Hy fields
for up to ~ GW m scale gradients

Produce dirty saxface layer on dean bulk to enhance
superheating field
Probing and altering by doping the
ultimate limiting cavity field

Pursue current promising paths forward for material in
bulk form

Evaluate superconductor-superconductor structure to delay fluxentry

Bvaluate superconductor-insulator-superconductor structure to delay
flux entry

Use theoretical and experimental expertise to evaluate
promising options for SAF materials(bulk and films),
develop sample coating and test tools

For materialsthat show B,>50 mT with R.<300 n{2, develop cavity coating tools

Development of techniqgues to oot of Measwre and ocutpace time
prevent and mitigate m":?‘;& E =70 M\W¥m scalesof vortex dissipation
field emission um E.xe>> 120 MV m '



Efficient klystron technology

Development of new klystron bunching technologies to increase RF power production efficiency to almost
90%, was initiated at CERN in 2013 (HEIKA), essential for FCC-ee

Method (CSM)

Core Stabilization

1/6 MW

Towards fabrication of the first high efficiency CSM

tube

Bunching, Aligning and Collecting
Method (BAC)

5-10 MW, <60kV

Presently negotiations with industry for protoype

production for end 2018

Single beam, 1.4 MW, 0.8 GHz, 134 kV, 12.55 A

85.7% efficiency in simulations

Kladistron

Core Oscillation Method
(COM)

50+ MW

fi
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(CEcS)) LHeC CDR - published in 2012

I after CDR

completion
ERL option

numbers:

tune-up dump

10-GeV linac comp. RF

injector

20, 40, 60 GeV

10, 30, 50 GeV

<« 10-GeV linac

0.03 km 9.26 km

e- final focus

- operation in parallel with LHC
TeV scale collision energy =  50-150 GeV beam energy
-power consumption < 100 MW => 60 GeV beam energy

-int. luminosity > 100 * HERA
-peak luminosity > 1033 cm-2s-!

E .
: Journal of Physics G
§ Nuclear and Particle Physics
g
: J. Phys. G: Nucl. Part. Phys. 39 (2012)
§ 075001 J L : LHeC Study Group, J. L.
3 Abelleira Fernandez et al., 2012 J. Phys. G: se I ecte d
8 Nucl. Part. Phys. 39 075001

Volume 39 Number 7 July 2012 Article 075001
5 A Large Hadron Electron Collider at CERN
'g Repert on the Physics and Design Cencepts for
= Machine and Detector
E LHeC Stuay Group

key

. i_opscience.org/jphysg
- IOP Publishing 1 93 authOI‘S



(CE=5Y) FCC-eh & HE-LHeC ep baselines

parameter [unit] LHeC CDR | ep at HL-LHC | ep at HE-LHC | FCC-he
E, [TeV] 7 7 12.5 50
E, [GeV] 60 60 60 60
V5 [TeV] 1.3 1.3 1.7 3.5
bunch spacing [ns] 25 25 25 25
protons per bunch [10%!] 1.7 2.2 2.5 1
Yep [pm] 3.7 2 2.5 2.2
electrons per bunch [107] 1 2.3 3.0 3.0
electron current [mA] 6.4 15 20 20
IP beta function f; [cm] 10 7 10 15
hourglass factor Hgeom 0.9 0.9 0.9 0.9
pinch factor Hp_; 1.3 1.3 1.3 1.3
proton filling H..; 0.8 0.8 0.8 0.8
luminosity [10*3cm=2s1] 1 8 12 15

26-28 Sept. 2018

EDMS 17979910 FCC-ACC-RPT-0012 V1.0, 6 April, 2017,

“A Baseline for the FCC-he”

i}



(GEED PERLE — ERL test facility

PERLE CDR
accepted for publication in J. Phys. G.

PERLE

Powerful Energy Recovery Linac for Experiments

Conceptual Design Report

proposed construction at LAL-Orsay

CELIA Bordeaux, MIT Boston, CERN, Cockcroft and Astec
Daresbury, TU Darmstadt, U Liverpool, Jefferson Lab
Newport News, BINP Novosibirsk, IPNO and LAL Orsay

http://arxiv.org/abs/1705.08783

February 6", 2017

key purposes:

* demonstrate and investigate multi-turn,
high current energy recovery in a racetrack
electron linac — the basis of FCC-eh, HE-
LHeC, and LHeC

* high current load tests of SRF cavities
- e.g. testing FCC prototype cavities at
800 and 400 MHz

French-Ukrainian 35


http://arxiv.org/abs/1705.08783

LHeC/FCC-eh/FCC RF system

LHC HOM damper High-current cell shape

\ (~1 kW)
400MHz, §
1 cell, Nb/
CeCu N
straightforward
integration into
SNS type cryostat

400/800 MHz, muilti-cells, Nb/Cu

June Workshop on the LHeC/FCCeh

and PERLE at LAL/IPN Orsay
https://indico.cern.ch/event/698368/

26-28 Sept. 2018 French-



SC Magnets

Technical Design Phase

Dipole short models

Dipole long models

FCC-hh

FCC-ee

CE FCC-ee ring + injector

Injector

HE-LHC

Installation + test FCC-ee

LHC Removal
“Installation HE-LHC

31



=r 1) Collaboration & Industry Relations




Summary and outlook 2017/18

Consolidate design baselines for FCC-hh, FCC-ee, HE-LHC
Comprehensive parameter document for FCC-eh was recently published

2018 FCC physics workshop: 15-19 Jan. 2018, CERN (FCC physics WS in Jan. 2017 (>200
participants)).

Advance further on HW developments (magnets, SRF, special technologies)
Develop implementation scenarios, schedules and cost estimates

Define author/contributor teams for CDR core parts

Prepare, assemble and edit CDR contributions

FCC Week in 2018 9-13 April in Amsterdam CDR draft contents reviewed
Presentation of printed CDR at the end of 2018

Next FCC Week in Spring 2019 at CERN
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ILC accelerator overview (TDR) (oo
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Main Li C.M. Energy 500 GeV
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] Key Technologies Length S
pre-accelerator Luminosity 1.8 x103¢ cm2s1
Repetition S Hz
Nano-beam Technology S
) Beam Pulse Period 0.73 ms
extraction
few « SRF Accelerating Technology 1 Yocus & dump Beam Current 5.8 mA (in pulse)
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Item Parameters

C.M. Energy 250 GeV
Length 20.5 km
Luminosity 1.35 x10*# cm-
251
Repetition S Hz
Beam Pulse 0.73 ms
Period
Beam Current 5.8 mA (in
pulse)
Beam size (y) at FF 7.7 nm
SRF Cavity G. 31.5™35 MV/m
Qy Q=1 1:1.(:3::10

| Cost reduction by techn. innovation

* Nb material process = reduce material cost
 Cavity Surface process with N-infusion (High-G and —Q): reduce # cavities and cost

Ind Trial N-infazion a J-PARC (R8¢ :hﬂc cel)

1.“

e Directly sliced 3-cell cavity S ad el Nntusion
[ B Refereace (.reup-e)
- satisfied the ILC spec. == b
- :. .....”'Oounouu....--”. ATl S— i... *
& : ?' : ll.drargetg
RCipec N-infusi cessful at

40

. o 10 > 0
za:m\r-q * Fermilab and KnguM\‘-mw



Turnaround &
Bunch compressors

Dampi ings i
TDR update: = “Q
—_— ) 2
125Gev e. sGeV et
Options A, A’: 250 GeV @e\’c

Collision Tunnel Value Total | Reductio
E. Space (MILCU n
[GeV] [GeV] in 2012) [%]

KIK 20123
X3V 1 r-sa0
CIRNACE 200 20097

The International Linear Callider

Machine Staging Report 2017
Collider Tachy Derig=

Asderdurnio the - Lirnanr Seport publabed » 2013

250/250 500 7,980 0

DL ELl  250/250 500 7,950 -0.4
https://arxiv.org/abs/1711.00568
125/125 250 5,260 -34
” . 4,780
el 175/125 250 w/ R&D -40

(w/ R&D)

U Cotder Colateration | Ocaotar. 2017
fnes iy Evins and Shmiches Micheose

success



ILC250 Acc. Design Overview

Damping Ring

e- Source

e+ Main Liinac

e ] e

Physics Detectors

E|°¢|mns

: 5977, C.M. Energy 250 GeV
N7 97 e+ Source
Length 20.5 km
e- Main Linac . S 2e-
) Key Techno|0g|es Luminosity 1.35 x103% cm %52
pre-accelerator Repetition S Hz
source )
O Beam Pulse Period 0.73 ms
Nano-beam Technology
Beam Current 5.8 mA (in pulse)
few « SRF Accelerating Technology . .. .
I I : ' Beam size (y) at FF 7.7 nm
— ERSAAERSES 11 >Il<:‘ SRF Cavity G. 31.5™35 MV/m
main linac Q, Q,=1 ™1.6x10 10

compressor collimation




Technical Status in 2018

*Key Technologies advanced!
* Nano-beam Technology:
KEK-ATF2: FF beam size (v): 41 nm at 1.3 GeV (equiv. to 7 nm at ILC)
* SRF Technology :
European XFEL completed: <G =~ 30 MV/m> achieved with 800 cavities

and accelerator commissioning/operation reaching > 90 % design energy.
LCLS-II: construction in progress
H-FEL (Shinghai): construction approved

US-Japan: Cost Reduction R&Ds in progress, focusing on “N Infusion”
process demonstrated, at Fermilab, for High-Q and High-G

General design updated:
— ILC 250 GeV proposal has been authorized by ICFA/LCB
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rompfoseer Develop the
| nanometer beam

Damping Rings IR & detectors

Layout of ILC
o toxoh orsouce | technologies for ILC
N ) mainlinac - .
I~ 11 km B Key of the luminosity
= —_— N gentral region ma i nte nance
i
decron ’ B 7.7 nm beam at IP (ILC250)
W

ATF2: Final Focus Test Beamline
Goal 1:Establish the technique for

small beam Damping Ring (~140m)
Goal 2: Stabilize beam position Low emittance electron beam
S ereal [ Horiontal
ILC500 5.9 nm 474 nm
ILC250 7.7 nm 516 nm .

: 1.3 GeV S-band Electron LINAC (~¥70m
M‘ - ( S -)




Goal 1: Establish the ILC final focus
method with same optics and comparable
beamline tolerances

® ATF2 Goal

37 nm = 6nm @I1LC500GeV

7.7nm@ILC250GeV

® Achieved 41 nm (2016)

Duamp

Vertical Beam Size [nm]
33888888 ""

[P

Final Focus Matching

Goal 2: Develop a few nm position
stabilization for the ILC collision

® FB latency 133 nsec achieved
(target: < 300 nsec)

® positon jitter at IP: 410 = 67 nm
(2015) (limited by the BPM resolution)

Extraction Line

/I"nuil Doubles

Pulsed Laserwire

OTRs

Intra-tram Feedbacdk
(FONT)

+ ;l

AR

1 1+ H4H—4
I * Nano-meter

" We continue efforts to achleve goal 1 and goal 2.

stabilization at IP

2018/5/31
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Progress in Positron Source Study

A comprehensive Study Report Published
http://lcdev.kek.jp/~yokoya/temp/PositronReport/v7.zip

Roport on the I1C Positron Sourco

Summary

Positron Working Groags

May 233 2018

The present report have described the present status and scope of the two schemnes of
podumpmdmion,pmthgemphan’sunthemntnmynnl/amgmm

status of the undulator and e-driven schemes were summarized in the
AWDC‘l)l?aSMC[Gz] It was a result of the discussion within the positron working
group. The present status is essentially the sune as at AWLC2017. Here, the sumnary
table is reproduced (Table 6.1) with a few updates. (See the reference for the details of

the individual components_ )

Table 6.1: Summary of the technology status of the two schomes

Undulator Schemne & Driven Scheme
Further consideration on wheel

design. cooling caleulation, me-

Further test of vacuum seal

QWT: yield marginal. Hard-
ware design still required.

Target | chanical performance (magnetic | ¢ | nanded. W-Cu contact must be
bearing), and Ti-Cu contact studied.
meeded. Prototype shoud be
Duilt,
FC has the problems of time
Matching Improvement from superKEKB
dovice | dependent field and PEDD. and BINP. Design of cooling

needed.

TDR design almost sufficient

Further consideration on thes-
mal deformation and cavity
cooling design needed

Photon dump still requires
detailed design.

Beamn dump is not an issue

but radiation shielding must be
studied mstead.

B Basic parial tsts dome or known to work. No whole prototype.
C Caleulation study only. Bet no show stopper soea yet.
D PBreak through needed.
E Thereis a fatal peobiem.
A few comunents on this table

» Here, driver beamn, booster Einac and yvield smulation are omittxd. These are more
or bess in the state B or better for both schesmes,

o The Bex concentrator for the andulator achome is asigned D. Howeves, e caplained
in Scc2.1, the positron yidd with QWT is nearly csough though marginal Thes,
we can climmate the row for FC of unduator schesne.

Note, howewer, this table does not mean that every member agrees on the stats
evaluation of individaal items. Some of them suzgest 1o assign severer scores for some
items. Re-evaluation of the table s mevitable in the near future by the time to down-
solect the scheme.  But it 15 more impoctant to make 2 compiete "ToDolist™ for each
luean aa stated above
Ax shown in the mevioas »xection

« The cest of the acoalarator components for the two schemes are aknest the same.

o The CFS ot of the andslaior scheme in Sighes dee (0 the tunoed looges by ~2
km.

+ The power consumption of the e-driven schame s larger by ~4 MW,
But these age ot 4 docadve factor o the chodoe,

As the table shows, the techaobgy for neither scheme is ready now. Amoog the two
the e-driven scheme seems to be doser to realization, judgng from the presest status
of prosotype deveopment. On the otheshand, the basedme schorme, Le., the unduator
achemne, if feasible, has an adwantage of the positron polarizatios. “Therofore, the primacy
question ©r the choice of e scheme s

o Is the unduhtcor scheme feasible?
e a0, an the feaubibty be finnly veritoed by the time of desgn Nralication?

We do not know clearly when s the deadiine for the decision, bat @ & not toe far,
within a couple of years. In this respect of the project schadule we nead a guidance from
TCMB or LCC.
Mmuhumupmmsmhmmnplianmemh

near futar




Progress in Positron Source Study

A comprehensive Study Report Published
http://lcdev.kek.jp/~vokoya/temp/PositronReport/v7.zip

Roport on the ILOC Positron Sourco

Sullllllary R Wi o B Basic parial tests dome or known to work. No whole prototype.
The pr: r have descri
e e SUMMAry
The technology status of the
AWLC2017 at SLACJ63]. It was more
. The t Status is oss . . - -
Eable is reproduced (Table 6.1) * The choice, undulator or e-driven, is very important = fues
the individual components.) r . ! Thas,
but the deadline is not now. A couple of years later.
Table 6.1: Summary ‘m
mam=| °* Before this choice we need CFS studies in e
P — somewhat in detail. Should be done in parallel.
Target | chanical perform ) . same.
baring), ¢ Tl @ Must think of the scenario by 2
bt i
* undulator only, or
) FC has the pro ’
rereal * e-driven = undulator "
QWT: yield m . . . stats
ware design stll * The former is simple, but many questions must be —
. _ answered for the latter
c:v;i):;ro TDR design almost
* Laser-straight issue can be managed anyway i
Beam Photon du_mp ntl from
dump detailed design. SEOIe Mot | mc t slon In




ILC-GDE to LCC

1980’ ~ Basic Study
2006 07 ‘0€ 09 10 11 12 13 14 15 16 17,18

The itanmatconsd Linaaw Coslier

| European XFEL

Progressing —> —

A. Yamamoto,

171106



SRF Progress with Worldwide
Collaboratlon

CERN, DESY

0 IHEP, PKU ~ ENAL/ANL MSU
TRIUME OO Cornell
CEA, CNS-LAL O .o " "‘S:Ls," _
KEK :
INFN \\ ORRCAT : _ - - Americas LSl
European XFEL THACRR $ " ’

. Proto-type Cryomodule (JLAB)

ILC-SRF technology

Asia,
PAPS@IHEP CFF/STF@KEK




Courtesy, H. Weise

European XFEL, SRF Linac Completed

Progress:
2013: Construction started

2016: E- XFEL Linac completion
2017: E-XFEL beam start

1.3 GHz / 23.6 MV/m
800+4 SRF acc. Cavities
100+3 Cryo-Modules (CM)
: ~1/10 scale to ILC-ML




-| mmmAfter Retreatmnent ) X
[1As Received

Number of Cavities

8 8 & &8 8 38 8 &

—
o
1

o
o

10 15 20 25 30 35 40 45 S0
E,. (MV/m)

0 5

After Retreatment:

E-usable: 29.8 £ 5.1 [MV/m]

(RI): Eusable 31.2+5.2 [MV/m]), w/ 2nd EP

(EZ): E usable 28.6+4.8 [MV/m]), w/ BCP ( instead of 2nd EP)

10E+11

Courtesy, D. Reschke , N. Walker, C. Pagani

European XFEL: SRF Cavity Performance

Eusable

o
>10 % (47/420, RI) cavities
exceeding 40 MV/m
10 20 30 50
Epee IMV/m] 40
Ideal

+

Q SW\
quench
Field Global

Emission Heating quench

Unloaded @ Q,

Eacc (MV/m)




European XFEL: Emax Development as of 16t of May 2018

1 1 O S S S —

150

14-0 T T T T T T T T T T T T T T 1

s * Not all stations have been optimized yet

*  (CS9 commissioning nearly done

— 1.3 GeV additional energy gain expected

* Continued effort necessary to reach and exceed 17.5 GeV
— Expected latest by end of summer 2018




Courtesy, M. Ross

LCLS-Il Concept

Use 1t km of SLAC Linac for CW SCRF Linac

.

Remove SLAC
Linac from
Sectors 0-10

SRF e-Linac Parameters
Beam: 4 GeV, upto 0.3 mA
SRF cavity:

Frequency : 1/3 GHz, CW

G: 16 MV/m

Q:>2.7 e10(av.)

# cavity = 280

#CM 35

Exploit Existing
Experlmental Stations

21

A.Yamamoto, 17/05/15c




EXFEL , LCLS-lI(HE) and Shanghai XFEL I

TTC2018 D.Wang

European XFEL LCLS-II

EuropeanXFEL | LCLS-II ( HE ) | Shanghai XFEL
RF mode Pulsed CW CW
Power source Klystron SSA SSA
Install Single ac Tunnel | Tunnel + Gallery | Single ac Tunnel
2K heat load/CM ~20w/CM ~80w/CM ~80w/CM
Tunnel slope ~ 0.5% ~
N of modules ~100 ~35(+19) ~75
2K capability ~3kW ~ 2 x 4kw ~ 3x4 or 4x3 kw

b PS SCLF

2018/5/31



S. Michizono, S. Belomestnykh

ILC Cost-Reduction R&D in US-Japan Cooperation
on SRF Technology, for ~3 years

Based on recent advances in technologies;

— Nb materia/sheet preparation

- w/ optimum RRR and clean surface
— SRF cavity fabrication for high-Q and high-G

-w/ a new “N Infusion” recipe demonstrated by Fermilab

— Power input coupler fabrication

- w/ new (low Second. e- emission) ceramic without TiN coating

— Cavity chemical process

- w/ vertical EP and new chemical (non HF) solution

— Others




Cavity fabric

ation

Vertical test

Module (including
tuner, jacket)

Standard Fabrication/Process

Fabrication

Nb-sheet purchasing

Component Fabrication

Cavity assembly with EBW

Surface Process

EP-1 (~150um)

Ultrasonic degreasing with detergent, or
ethanol rinse

High-pressure pure-water rinsing

Hydrogen degassing at >600-C—> 800 C

Field flatness tuning

EP-2{~20urm)

- -
Ea IE':F'EE'"E de_gll E:'E'l"g ° '"E"'E"'El

High-pressure pure-water rinsing

Antenna Assembly

N—Infusion-

Baking at 120 C (+ N2 infusion)

Cold Test
(vertical test)

Performance Test with temperature and
mode measurement

Cryomodule

Installation to the cryomodule

Evaluate the cavity performance from vertical test to horizontal test

New Nb
material/process

- WG

Module test at stF-2

76




Summary

* |LC collision energy, 250 GeV, for starting well established. The
accelerator construction cost well estimated with a meaning cost
reduction,

* Key technologies of “Nano-beam” and “SRF” matured. Thanks for
worldwide efforts for SRT technology, with European XFEL, LILS-II, and
further.

* Positron source study reached a comprehensive report, to be prepared
for timely decision after a green-light given.

* The US-Japan, SRF cost-reduction R&D program in progress with
encouraging results.

* Qur best effort has been made to provide comprehensive information
to official WGs and IAP at MEXT is reaching a very critical stage to

evaluate the ILC 250 GeV proposal.
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2013 - 2019 Development Phase

Development of a Project Plan for a
staged CLIC implementation in line with
LHC results; technical developments with
industry, performance studies for
accelerator parts and systems, detector
technology demonstrators

2019 - 2020 Decisions

Update of the European Strategy for
Particle Physics; decision towards a next
CERN project at the energy frontier
(e.g. CLIC, FCQ)

Finalisation of implementation
parameters, preparation for industrial
procurement, Drive Beam Facility and
other system verifications, Technical
Proposal of the experiment, site
authorisation

020 - 2025 Preparation Phase 2026 - 2034 Construction Phase

Construction of the first CLIC
accelerator stage compatible with
implementation of further stages;
construction of the experiment;
hardware commissioning

S vkl

2035 First Beams

2025 Construction Start

Getting ready for data taking by
the time the LHC programme
reaches completion

Ready for construction;
start of excavations

0 Compact Linear Collider




Ceo

CLIC Accelerator Study — Review of objectives for the MTP 2016-2019

CLIC Review

March 1%, 2016

Report from the Review Panel

Members: 0. Briining; P. Collier, J.M. Jimenez, R. Losito; R. Saban, R. Schmidt;

F. Sonnemann; M. Vretenar (Chair).

Introduction and general remarks

The Panel was very impressed by the enormous amount of work that was presented, by the
enthusiasm of the CLIC team and by the wealth of knowledge accumulated by the CLIC study.
The CLIC accelerator study has reached a high level of maturity and has been able to establish a
large community consisting in about 50 collaborating laboratories and universities, working
together on a number of technical challenges

After the publication of the Conceptual Design report in 2012, the CLIC Study is presently in the
Development Phase, to prepare a more detailed design and an implementation plan for the
next European Strategy Upgrade in 2018-19. This phase is expected to be followed by a
Preparation Phase covering the period 2019-25; in case of a positive decision, a construction

Key recommendations

Produce optimized, staged design:

380 GeV (optimised for Higgs + top physics)
2> 15TeV > 3TeV
Optimize cost and power consumption
Support efforts to develop high-efficiency klystrons
Develop 380 GeV klystron-only version as
alternative
Consolidate high-gradient structure test results
Develop plans for 2020-25 (‘preparation phase’),

with possibility of physics no later than 2035
Continue and enhance participation in KEK/ATF2

26-28 Sept. 2018



(-eo Rebaselining doc

Optimize machine design w.r.t. cost
and power for a staged approach to
reach multi-TeV scales: 380 / 1500 /
3000 GeV

Adapting appropriately to LHC and
other physics findings

Possibility for first physics no later
than 2035

Project Plan to include accelerator,
detector, physics

CORCANISATION LUROPFIUINSI FOLULER LA I
CERN 10U20MAN ORCANIZATION 1O%

CERN-2016-004

arXiv:1608.07537

4R


https://arxiv.org/abs/1608.07537

CLIC at 3 TeV

540 klystrons - 540 klystrons
20 MW, 148 s | I I | Drive Beam ' circumferences I I I 20 MW, 148 ps
- delay loop 73 m .
drive beam accelerator CR1 293 m drive beam accelerator

CR2439m
2.5 km 2.5 km B
< | delay loop
decelerator, 25 sectors of 878 m
BC2
BDS /
2.75 km 2.75 km
e- main linac, 12 GHz, 72/100 MV/m, 21 km e* main linac TA
- . [ _

50 km
combiner ring

turnaround

damping ring
predamping ring
bunch compressor
beam delivery system
interaction point
dump

booster linac R
2.86 to 9 GeV | Main Beam '

e injector

et injector
2.86 GeV

2.86 GeV/




Co® cucat38ogev

i 446 klystrons
circumferences i
delayloop73m  weed ol | 20MW.48 us
CR1293m drive beam accelerator
CR2439m

- -

25km
< | delay loop

| @
BC2, Vhbid ma bhitt B pp—

BC2
1.9km F 1.9km
TA e-main linac, 12GHz, 72 MV/m, 3.5 km e* main linac TA

- ™~ P -
11 km

decelerator, 4 sectors of 878 m

CR combiner ring

TA turnaround

DR damping ring

PDR predamping ring

BC bunch compressor
BDS beam delivery system
IP interaction point

B dump

booster linac
286 t09GeV

e* injector
2.86 GeV




5 TeV
CLIC 3 TeV

CLIC 380 Gev
CLIC 1

Potential underground siting
=Y

Z



G

Rebaselining: first stage energy ~ 380 GeV

Parameter

Centre-of-mass energy

Total luminosity

Luminosity above 99% of Vs
Repetition frequency
Number of bunches per train
Bunch separation
Acceleration gradient

Site length

4

69



¢ Technical developments

Modules (drive-beam,
klystron type)

Optimized structures

Klystrons and
Modulators

Magnets

Civil engineering,
infrastructure

Final modules, from revised
designs to industrial modules

Use existing test-stands for
testing, increase
manufacturability, brazed,
halves, conditioning

Efficiency and costs,
significant gains possible for
efficiency, industrial cost-
models and optimisation

Permanent magnets, industrnal
capabilities

Detailed site layout and CE/
infrastructure designs

26-28 Sept. 2018



(e |ndustrialization examples

CINEL (IT)
Bodycote (FR) SWISSto12 (CH VDL (NL) Thermocompact (FR) VDL (NL)
Reuter (DE) (= LT-Ultra (DE)

3T RPD (UK) BACMI (FR) BACMI (FR)
TMD (UK) Yvon Boyer (FR) Multivalent (NL) CECOM(IT)
Concept Laser DMP (ES)
(DE)

Reuter (DE)
INITIAL (FR) Morikawa (JP) Nihon (JP)

KERN (DE)) COMESB (IT)
Protoshop (DE) Viztrotech (KR)

S Scandinova (SE)
= Jema (ES)
CPI(US) :
Toshiba (JP) Picatron (CH)

Needed by the time of the TDR:
Qualified companies, technical and commercial documentation,

French-

reliable costs (i.e. not first prototype), ideally (small) part of larger marked

8 Sept. 2018



L  Resources and Collaboration

= So all this is possible - what is
the problem ?

Resources: A total of ~30 MCHF/
year foreseen in the CERN MTP
(Medium Term Plan) 2020
onwards for energy frontier
developments

« What is (part of) the solution ?
Collaboration and increasing use
of X-band technologies in other

projects INFN Frascati advanced acceleration facility
EuPARXIA@SPARC_LAB

& porngue Sclercic X-Baed LML ‘ gt

Additionally: Medical applications

(proton and very high energy
electron therapy)

Eindhoven University led

SMART"LIGHT Compton Source



An e-beam facility at CERN @

Accelerator implementation at

—— CERN of LDMX type of beam
5 e X-band based 60m LINAC to 3
ALICE LHCb GeV in TT4-5.
poess e UCy * Fill the SPS in 2s (bunches 5ns
- e (@ apart) via TT60

- S « Accelerate to ~10 GeV in the

] s SPS
ey BOOSTER » Slow extraction to experiment in
W ) ISOLDE 10s as part of the SPS super-

,E,a:s,ti{%t‘?,a:3 Cy CI e
I — « Experiment(s) considered in
s , —Oot— UA2 area or — better - bring
gcs beam back on Meyrin site using

TT10

» ion » neutrons » P (antiproton] ——— /antiproton canversion b neutrinos  »  electron

LHC Large Hadron Collider SPS Super Proton Synchrotron  PS  Proton Synchrotron

AD Antiproton Decelerator CTF3 Clic Test Facilty CNGS Cern Neutrinos to Gran Sasso  ISOLDE  Isotope Separator OnLine DEvice
LEIR Low Energy lon Ring LINAC LINear ACcelerator n-ToF Neutrons Time Of Flight

Beyond LDMX type of beam:
Other physics experiments can be considered (for example heavy photon searches)
Several other possible uses of linac and SPS beams for R&D



@‘ Summary e

« The CLIC programme in the Preparation Phase 2020-25 is quite
straight-forward but detailed work needed to make coherent with
“related” projects and studies
- Resources available a serious constraint
- Collaboration partners outside CERN - with the significant X-band

projects now happening — can cover important parts of work needed

- Our goal is to present a complete overview for next phase by end
2018

« A3 GeV linac for non-collider e-beams at CERN will cover a
significant part of what is needed for a CLIC TDR phase - plus
interesting physics (the main motivation) and accelerator R&D

« LHC physics developments can have large impact
ILC moving ahead will change the next phase programme

s -

| 26.28 Sept. 2018

French-Ukrainian






The collimation system

* Halo cleaning versus quench limits (for SC machines)
* Passive machine protection
First line of defence in case of accidental failures
* Reduction of total doses on accelerator equipment
Provide local protection to equipment exposed to high doses
* Cleaning of physics debris (collision products)
Avoid SC magnet quenches close to the high-lumi experiments
 Concentration of losses/activation in controlled areas
Avoid many loss locations around the 100-km tunnel

 Optimize background in the experiments
Minimize impact of halo losses on quality of experimental data

16



Full ring loss map V8 on-momentum
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The collimation system

Full ring loss map V8 on-momentum wo/w DS collimators
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The collimation system

Full ring loss map V8 off-momentum
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CEZ5Y) The collimation system

B

Same collimators and absorbers as in LHC:

* Primary collimators: 7.6 6, 0.6 m long carbon based
collimators

* Secondary collimators: 8.8 o, I m long carbon based
collimators

« Active absorbers: 12.6 o, 1 m long, tungsten based collimators
« Passive absorbers: in front of the magnets, 0.4m to 1.5m long

CFC collimators consume significant portion of the impedance budget
Investigate alternative materials, e.g. Molybdenum Graphite (MoGr) which
1s foreseen for HL-LHC

3-7 July 2017 80



~== 29 Civil engineering and Infrastructure

Overall Schematic 3D view:

Single tunnel model
updated with
all main features
known up to now
(w/o FCC-ee
enlargements)

Colour code:

Service caverns +
access shafts

Electrical alcoves

Connection tunnels

81



G >> The SC Magnets

What do we expect next ?

 Understand limits of Nb;Sn while moving towards the first performance targets (Jc
current density, RRR residual resistance ratio)
* Allowable engineering limits (stress, strain)
* Grain formation and grain refinement physics
- Evaluate the potential and opportunity for alternative superconductors (MgB,,
Bi1-2212, REBCO, Fe-based)

* Procure the first large lengths of superconducting wire to feed the technology and
model program

* 1.5 tons by 2019 10
* 6 tons by 2023

5 //
0 _—

2016 2018 2020 2022 2024 82

tons




FCC-ee RF staging scenario

“Ampere-class” machine

Three sets of RF cavities to cover all options FCCee & Booster:

V tot (GV) |n_bunch I_beam (mA)
= = o * Installation sequence comparable to LEP (=30 CM/shutdown)
- Py e260 262  high intensity (Z, FCC-hh): 400 MHz mono-cell cav, = 1MW source
H 780 30 * high energy (H, t): 400 MHz four-cell cavities, also for W machine
- 1 81 6.6 * booster and t machine complement: 800 MHz four-cell cavities
TN Eradient” mackme * Adaptable 100MW, 400MHz RF power distribution system
RF system re-alighment
0000 (common RF for both
28 beams)
S5 years \ 6 years 6 years
e [‘\‘[‘II‘II\IIIIII wechh
om0 i @m0 \ |/ e @ |
28CM 2 I U B S o8 . mainRFsystem 16CM_____.
i ] L] :
'4cM 10 40 114 booster | See N. Schwerg s talk on Tuesday




The SC Magnets

The main Quadrupole design:

- L ) ‘ It seems that to reach
RPN o
= - = - ag} - .- a-:E {_«q - G>400T/m

fm\ (@ » i .

frms /,/;:\\ /r:1\ ‘\ — 4 layers - complexity
365 T/m 390 T/m 413 T/m 392 T/m * 370T/m <G <390 T/m

— 2layers = I, > 25 kA
* G<360T/mM
— 2 layers, I, ~ 20 kA

‘=n£°? - P ' — More room for su ort
= \LE"‘ ! o PP
— - \ ] IN case ot Inter-
o= :‘“ ’ggé aperture reduction
P4 - WS —
= A .
== /m TN
- T /r- 1
N
ROXIE . :

360 T/m 400 T/m a



e Conceptual Design Report

1-PHYSICS 3 — Hadron Collider Comprehensive

Hadron Accelerator Injectors Technologies
Collider

Summary Infrastructure  Operation  Experiment  eh

. 5 - Lepton Collider Comprehensive

Physics Lepton Accelerator Injectors Technologies

opportunities Collider
across all . .
scenarios Summary Infrastructure Operation Experiment

. 7 - High Energy LHC Comprehensive

High Accelerator Injectors Infrastructure
Energy LHC
Summary 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




CDR planning

2017

AToC & Volume layout definition | Jun .

AGuidelines, tools ready, editorial teams operational| Sep
AVOLUME EDIT STARTS | Oct

2018 §

A Contents review by IAC (FCCWeek) | Apr 9-13
Review session with IAC | May 15 .

| June 30
Overall editing: Proofread, homogenization, cross-referencing, polishing

AEND of Final edit | Aug 31
A PRINT FINISHED | Oct 26

Editing package
“Overleaf”

During summer
nomination of editors
and author groups

FCC CDR available for
publication in
November 2018.




CDR Study Timeline

Ql | Q2 | Q3 | Q4 | Ql | @ | @3 | a4 | @1 | @2 | @3 | @4 | @1 | @2 | @3 | @4 | a1 | @2 | a3
g Study plan, scope definition

Q4

FCC Week 17 & Study Review

Explore options - confirmation of baselines
- converge to CDR content
& conceptual study of baseline = Identify critical areas
FCC Week 2015: develop baseline <|> detailed studies J
work towards baseline :
FCC Week 2016

. elaboration, } FCC Week 2018
Progress review

consolidation > (CDR Review
[ CDR editing [ ]
‘ CDR ready

81



[>*  positron sources: undulator-based e* source

e- DR
e+ DR
Electron
e+ Target Positron
r e-g
BC e- Main Linac UndulatonPhotor . 'Booster e- BoosSter )
> €
P e+ Main Linac
(Experiments) BC

-Positrons can be generated by increasing the undulator length from 147 m to 231 m.

-This longer undulator source of positrons is the new baseline for the ILC250GeV staging.
-Electrons lose ~¥3 GeV in the undulator and this is compensated by the main electron linac.
-Collision condition constraint should be satisfied at Undulator source.

Collision condition

(L1+L2+L3)—Lsa=nXxCpr
n = integer

L: (e* ML/RTML) has to
be adjusted.

(L)}
t

Lz

s

88




> Ppositron sources: e -driven e+ source

L-band SW NC

capture cavity Damping Ring
chicane
3GeV S-band NC — 5GeV L+S band
drive linac ' NC e+ linac
- - SEEE————— . A - — —F
A energy e+ dump
o~ . compressor
N | “~yande dum
e - - P
@ AMD (FC) \
solenoid (b) 200 ms (5 Hz) N
63 ms (20 pulses)
1.05km 3.3 ms (300Hz)
- - —>
Damping Ring I I I I 137 ms (rest)
oo o > oeoe
-~
480 ns

33x2 bunches

(a) .—,:fﬂ‘:/ \/i

A pulso in drive- and booster-linacs

= ns
Positron Booster ml T, = S Laiaer
“"" s 197 ns 197 ns
- IIIIIIIIII ““"‘IIIIIIIIIII
— 81.6ns 197ns
— :‘25""}# 33 bunches 33 bunches
= Ta vo_=6.15 n sec Te_to_b=56.15 nsec

-Different electron bunch patterns will be used (from undulator system).
-Beam pulses with Y480 ns duration (including ¥66 bunches) will be accelerated in the

normal conducting linacs.
-The linacs will operate at 20 pulses every 200 ms, with inter-pulse intervals of 3.3 ms.

-The remaining 137 ms will be reserved for damping of positrons in the damping ring.




\@. Positron sources: cost comparison and luminosity upgrade

-No cost difference between accelerator components for the undulator and e-driven.
-Some cost reduction (of the order of a few ten’s of MILCU*) associated with the e-
driven system is expected, if the space for the timing constraint in the undualtor
scheme is omitted.

-The undulator source will still be considered as the baseline source of positrons.
-However, an e-driven source of positrons can be adopted initially for ILC250 GeV and
be replaced by undulator in future upgrades, depending on the technical maturity,
because the e-driven source is safer for achieving design luminosity at low electron
energies (V125 GeV) and has the big advantage that positron beam commissioning can
be done without needing the full electron linac and damping ring.

-The basic change in the luminosity upgrade is the increase in the number of bunches
from 1,312 to 2,625.

-In the case of the e-driven, one more positron damping ring is required because beam-
loading compensation is difficult to realize with a 3-ns-wide bunch spacing.

-The driving beam linac should be extended from 3 GeV to 4.8 GeV and the modulators
of the driving linac and booster should be reinforced owing to longer beam pulse
durations.

*The reference currency (the “ILCU”) is the United States dollar (USD) as of
January, 2012.




Nb-ingot sliced, LG Cavity at KEK

b ﬁ.d\.ﬂ.ﬂ.ﬂh&.ﬂ-&.ﬁm-g

MD "

1.3 GHz TESLA-like SRF cavity, using Nb directly sliced
demonstrated:

e’

- M M M Al T

107 F

(Dia: 260 mm)

Ingot sliced Niobium (Tokyo Denkai)

....
% ® % %0 0 oo, ® 04 .’.."'Oooif
L
)
36
e KEK-2 (LG) He Temp. = 193 K

® KEK-1 (FG) He Temp. = 1.52 K

| |

0 10

20 30
Eace MV/m

40




Direct sliced Nb material performance

Made from large grain Nb disks;
medium RRR Nb with high Ta content (CBMM)

800°C X 3hrs
to remove stresses.

1.OOE+11
Preliminary
.‘.........
l...
. 1.00E+10 - fesctcectcecman,.,
> i N
ILC spec

- The 3-cell cavity achieved very high
gradient (> 40 MIV/m) and satisfies ILC spec




Standard Procedure Established

Standard Fabrication/Process

Key Process

Fabrnication Nb-sheet purchasing
Component Fabrication
Cavity assembly with EBW
Process EP-1 (~=150um)

Ultrasonic degreasing with detergent, or
ethanol rinse

High-pressure pure-water nnsing

7| Hydrogen degassing at > 800 C

Baking at 120 C

Cold Test
(vertical test)

Performance Test with temperature and
mode measurement

Fabrication

« Material

« EBW

« Shape
Process

» Electro-Polishing

« Ethanol Rinsing or

« Ultra sonic. + Detergent
Rins.

« High Pr. Pure Water
cleaning




Cavity performance progress at FNAL.:

A. Grassellino

“standard” vs “N infused” cavity surface treatment

10" L °* 1 v I N ) ' 1 N 1 N I N I v 1 v 1
e |LC processing
=  Modified 120C baking (N2 included)

-.ﬁh

N--_ ——

o T

g 10" F

ITNES0

T
2006010, \
o

ocxemo‘
10084210 | ""'.L
FEEEEEE

Eacc

10' A 1 A ! A

| WA TN ST SN T ST —_— _—

0 5 10 15 20 25 30 35 40 45
E._(MV/m)

Increase in Q by > a factor of two
Increase in gradient ~15%

A Grassellino et al 2017 Supercond. Sci. Technol. 30 094004

5/31/2018 Sam Posen - ALCW 2018

FNAL recently demonstrated a
new treatment, which utilizes
“nitrogen infusion”, achieving
45.6 MV/m - 194 mT
with Q ~ 2x1010
Systematic effect observed on
several single cell cavities

FNAL has now successfully

applied it on three nine cell cavities

Jlab, KEK have reproduced similar

results on single cell cavities with

Q >2e10 at 35 MV/m

R&D work towards:

» Best recipe for higher Q at high
gradient

« Robustness of process

2= Fermilab




Cavity performance progress at FNAL.: A. Grassellino
“standard” vs “N infused” cavity surface treatment

« FNAL recently demonstrated a
ngQIIS new treatment, which utilizes

) K, 1.3 GHz ] “nitrogen infusion”, achieving
I 45.6 MV/m 2> 194 mT
FE Limited | with Q ~ 2x1010

MW | = Systematic effect observed on

Wy, several single cell cavities
C =

o 10"+ {1 < FNAL has now successfully
applied it on three nine cell cavities

! 1 +» Jlab, KEK have reproduced similar
- ® cav0017 - results on single cell cavities with
- ©  tb9aes017 ; Q >2e10 at 35 MV/m

" A Ccav00IR - R&D work towards:
IO A 1 L 1 L 1 1 1 " 1 i 1 i 1 i

0 5 10 15 20 25 30 35 40) » Best recipe for higher Q at high
gradient

« Robustness of process

101 ¢ . .

E, .. [MV/m]
Increase in Q by > a factor of two
Increase in gradient ~15%

A Grassellino et al 2017 Supercond. Sci. Technol. 30 094004

2% Fermilab | \2)5'

32 5/31/2018 Sam Posen - ALCW 2018



A. Grassellino

Potential for very high Q at very high gradients

lO] 1 ! I ! 1 ' 1 I ' I N | N 1 N 1 N I
f 2K, 1.3 GHz
m  N-infused (FNAL)
@ N-infused (rep. @ JLab) -
o @ N-doped (FNAL) i
o “.:A.A{n" A N-doped (rep. (@ Cornell)
i ‘ﬂb@“ @ Standard ILC 1
s
! M..l‘.: ® A
:.‘ S 00 0o,
v " Sassmms ma
/'\ High-Q,
. (e.g. LCLS-II) \
7
1010 . ngh‘Qo ot
! High-E__.
(e.g. ILC)
1 ERTTTI, (RPN [ | VU SN | S LSO S
0 5 10 15 20 25 30 35 40 45 50

Sam Posen - ALCW 2018

E, .. [MV/m]

ILC Cost
Reduction R&D
global effort will
explore doping

parameter space
to extend high Q at
the highest
gradients

Currently
working on this
R&D direction:
FNAL, KEK, Jlab,
Cornell, DESY

2= Fermilab
5/31/2018




First trial of N-infusion showed degradation occurred at >5MV/m.

2nd trial Ndsfumen o J-PARC

. : N, 3Pa; 120°C x 3h ' |
Degradation seems to come from background vacuum during 120deg. N- e 5 — '-f—-é ’-‘--; T3 w
Infusion. oy ; —"'E}. .

< e T=—Vac. 21
Background vacuum during N-Infusion was improved from 1.7e-2Pa to ; L B
1le-5Pa using larger turbo-molecular pump with reduced rotation speed. £ - "
Second trial of N-Infusion was done with improved background vacuum ~ ~ ol I\ \l | »
during N-Infusion (120 deg.) [ ! L S PRY
n L k. L L L L

It showed successful N-Infusion result (Q value +35% gradient +5%).

Ist trial N-Infusion @ J-PARC (R2 signle cell)
10" ey

® st trial N-infusion ]
B Reference (ILC recipe) |

After the vacuum pumping
system improvement

10 20
Eace (M\V/m)

loll

a0
O 20 N @ 9 1M 1N 1 1e
Tome (bowr)

2nd Trial N-infusion @ J-PARC (R3c single cell)

T T T T T | T T T T T

® 2nd trial N-infusion ]
B Reference (ILC recipe) ]

10 20 30
Eacce (MV/m)

LRV ICLLATEN
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X-band Technology

In the CLIC preparation phase:
Take advantage of the widespread use of electron linacs, and rapidly increasing use
of X-band - increase collaboration

CERN XBow-1 test stand S0 MW Operational, connection to CLEAR planned fx (f’| /_\, ( ] »_':\ ~
Moo 2 test stand S0 MW Operaticral 'ﬁf //: / L 2
XBow-3 test stand 48 MW Operatioral s gr‘/' - / £
Trieste | Uneariser for Fermi Sonw Operatioral . E;‘ eS| -, e i
S Linaarer for SwissFEL Sowmw Operaticral 5 ro ‘{«/ | ;7- ;SC:. '_:.(—‘ )
Deflector for SwissFEL SO MW Design and procurement . ) B }0 {}‘_ a X
DESY Delloctor for RAGHIorward | 5 MW Design and procurement l;;@.{g l.,::“-;.;-.__‘_-'; N . 3 ¥ \ b A
Deflector for RLASH2 s MW Design and procurement s % 3 "l;:':“’} " > N
Deflector for Sinbad ba Planrirg el S o J_‘_L:E_'_‘_:'}A_\' Y — =
Tsirghua | Deflector for Compton scurce | SO MW Comertisicneg s . e Ng'____u\\;_zr "-?
Unaarizer for Compton source | 6 MW Plannirg et T R S = T U Y ,‘ir‘—{«j
aNAP Unearier for soft Xray FEL | 6 MW Operaticral 1 .J.._...ﬁ..,,::-:;w_.ib“ T | ' ) ‘
Deflectors for sot Xcay FEL | 150 MW Procurement fﬂ _',.;1__‘_.__;:--1‘.’.:@.,.‘:.5.";’.&\- T Eee—— ;;“.T;*;:.':.'!
| Jo Ao lmmmmmin oty ® —_—
Australia | Test stand 25 MW Proposal submission Pt =l e S _..I.'..t.':..'.'f... | ¢ ~a-
Bndhowen | Compact Compron souwce, 300 MeV &MwW Desgr and procunmmnt W T ¢ e ——-1 il
Valencia | S-band test stand A0 MW Installation and commissioning
KEX NEXTEF test stand SOMW Operational
SUC | Owign of Migheiciency Xtand Mystron | 60 MW In progress Above: EU Design Study for X-Band FELs
Carestury | Linearicer sSMwW Design and procurement - - :
—— = o 2018-2020: hitp-//compact-light web cern.ch
Accelentor tha PMarnieg
L e Masatina = Beyond being a collaboration for CLIC, many
rm— YV m—y o —p——— groups have their own X-band facilities and

components (see overview on the left)




L  Preparation phase planning

= The main activities needed for a TDR are quite clear,
keywords: costs/power R&D, industnal activities, final
parameters, site preparation, detector and physics
studies

- Concerns: Drive-beam facility, ATF2 or similar, resources

- The way forward depends very strongly on the collaboration
- for each item/study needed for the TDR: Combine CERN
resources, collaboration activities, industrial interests and
educational programmes

MoU annexes
or similar {with
MS and NMS
collaborators)

-  Examples:

- Klystron modules - if done for FEL projects outside CERN
the CERN efforts can be less

R&D contracts

- Permanent magnets - if industry interested (for use outside The CLIC studies Transrer =
H i reements,
CLIC), or other projects for use on a short timescale, we are CERN hosted EL projects.

need to participate and not carry such a programme

- If a country would like to establish a training or exchange
programme with CERN for electron linacs/X-band we will pu
into the planning matching funds

- Network of X-band testing facilities - rely strongly on
activities outside CERN

- need to be creative -

Also relevant for the CLIC preparation phase: Potential use of CLIC technology for e-

beams as part of non-collider physics programme at CERN - use of ~3 GeV e-linac




Physics with e-beams, example LDMX e!b E

A STRONG CANDIDATE: HIDDEN SECTOR DM Basic Concept & Beam Requirements

Recoil Calorimeter
; Tracker
Simple, familiar particle content Eggl'(';? —— .
new matter i e_ { ‘
\ 1 \
. i | DM with thermal freeze-out origin Target ~=DM
Simple, predictive cosmology ; :

4 Electron beam impinging on target:
* multi-GeV electrons
e 1-200 MHz bunch spacing
e Ultra-low O(1-5) electrons per bunch

| 4 Measure recoiling low-energy-fraction electron & its pr
Te\} — Forward tracking in (small) B-field

Motivated (broader) mas|s range

@
@
P [

Me\ll
Thermal DM + Reject events with visible particles carrying remaining
_ energy
LaullL Lo — Deep, highly segmented calorimeter 22

Targets for Thermal Relic DM

104 LHC .

1075, LEP ;

1076 - i
107 - Phase I: 4 10* @ 4 GeV
10-8 1 0.1-0.3 X, target \
107°

10—10

—_
|

—_

—_

2 4
€ap (my[my)

1012
10732
10—14
10—15

y:

Talk by P. Schuster
“Physics Beyond Colliders”
Nov 21, 2017



///ppt/slides/CERN_Nov2017_Schuster.pdf

GREEN: ~10+ GeV electron beam in SPS

Acc. in SPS, can also be a damped small

emittance beam. Long bunches.

« Extracted to Meyrin side for LDMX like
experiment.

« Can also - possibly - be guided to
AWAKE.

» Other uses, either extracted or
circulating to be worked out.

PURPLE: 3 GeV x-band linac with excellent beam

quality

Short bunch electrons from X-band linac, only used 5% for

filling the SPS. Can be used right after linac (TT4), in new

experimental area, and/or possibly directed to the current

AWAKE area.

» CLEAR type of research progamme.

» Electrons for drive and/or probe beam exploring novel
accelerating techniques, including second gun (drive
and probe bunches with vanable distances and
charges). y

ACLSEREEL - . | onger term possibilities for positrons if deemed crucial é : 26-28 Sept. 2018




X-band linac layout

Make use of study recently made for LNF ~1.0 GeV X-band linac

“CLIC-like” RF unit: 2*(klystron+modulator) + pulse compressor + 8 accelerating structures

N NG dlator
modulator fo s

Jz X 50MW

o
s | |

~5.3m

* One “CLIC-like” type RF ur «
accelerates 200ns b’
train up to 264 MeV*

* 11 RF units to get to 2.9 GeV
in ~60 m

- =
&

* (lower than for Frascati single bunch operation: 336 MeV/unit) Obvious intel'eSting link with a CLIC
preparation phase




Main known unknowns &!b @

* New physics
« CLIC have energy flexibility (reach) to ~3 TeV
» Working Group on New Accelerator Technology set up
» Low energy studies — a CLIC type short linac can open opportunities

* ILC moves ahead
» Two e+e- machines for SM/Higgs precision physics not reasonable
* High gradient (in a wide sense) R&D will still be a priority




Components SCRF NCRF | HLRF SC Mag. NC Mag. [Vac. |Optics Others

Techniques HG |HQ |CRYO |CRAB HE-Klys |Nb;Tn | CRYO

P |FCC |FCC-hh X X X X X

R

(0 HE-LHC X X X X Coll | Integr.

J

E FCC-eh/ X

C LHeC

T FCC-ee X | X X X X IRs Integr.

S LC |ILC X X IRs e+
CLIC X X X IRs




Components SCRF NCRF | HLRF SC Mag. NC Mag. |Vac. |Optics |Others
Techniques HG |HQ |CRYO |CRAB HE-Klys |Nb;Tn | CRYO
p [Fcc |Fcc-hn Q() X X @ X
R /-\ o —
0 HE-LHC )| x x | (x) Coll) | Integr.
J N
E FCC-eh/ (x)
C LHeC ~
T FCC-ee X| X W X X IRs Integr.
S e
lc |ic X | X (RS | e+
cLIC X X X \UR¢/




If these (non-collider) experiments would provide hints
where to look for new physics, it would be interesting if we
can address these with current and future colliders

In general: explore the synergies of the physics potential of
non-collider and collider experiments

J.D’Hondt ECFA Chairperson



