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CLIC Collaborations
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* Brief introduction to CLIC

« CLIC Review

 Rebaselining + project staging

« Strategic plans = 2019 and beyond

Apologies for skipping many results + details
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CLIC layout (3 TeV)
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CLIC physics context
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CLIC physics context
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CERN scientific strategy: 3 main pillars

Full exploitation of the LHC:

1 successful operation of the nominal LHC (Run 2, LS2, Run 3)
 construction and installation of LHC upgrades: LIU (LHC Injectors Upgrade) and HL-LHC

Scientific diversity programme serving a broad community:
 current experiments and facilities at Booster, PS, SPS and their upgrades
(Antiproton Decelerator/ELENA, ISOLDE/HIE-ISOLDE, etc.)

O participation in accelerator-based neutrino projects outside Europe (presently
mainly LBNF in the US) through CERN Neutrino Platform

Preparation of CERN'’s future:
 vibrant accelerator R&D programme exploiting CERN'’s strengths and uniqueness
(including superconducting high-field magnets, AWAKE, etc.)

1 design studies for future accelerators: CLIC, FCC (includes HE-LHC)
 future opportunities of scientific diversity programme (“Physics Beyond Colliders” Study Group)

Important milestone: update of the European Strategy for Particle Physics (ESPP),

to be concluded in May 2020

F. Gianotti 11/1/17
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CERN scientific strategy: 3 main pillars

Full exploitation of the LHC:

[ successful operation of the nominal LHC (Run 2, LS2, Run 3)
 construction and installation of LHC upgrades: LIU (LHC Injectors Upgrade) and HL-LHC

Scientific diversity programme serving a broad community:
 current experiments and facilities at Booster, PS, SPS and their upgrades
(Antiproton Decelerator/ELENA, ISOLDE/HIE-ISOLDE, etc.)

 participation in accelerator-based neutrino projects outside Europe (presently
mainly LBNF in the US) through CERN Neutrino Platform

Preparation of CERN'’s future:

O vibrant accelerator R&D programme exploltmg CERN s strengths and uniqueness
(including superconducting high-fiakekas

 design studies for future accelera :

4 future opportunities of scientific di | aTd= - SR auand idad” Study Group)

We are vigorously preparing input for European Strategy PP Update:
 Project Plan for CLIC as a credible post-LHC option for CERN

* Initial costs compatible with CERN budget

 Upgradeable in stages over 20-30 years
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CLIC Review

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

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



Report: some key points

* Produce optimized, staged design: 380 GeV = 3 TeV

 Optimise cost and power consumption

« Support efforts to develop high-efficiency klystrons

« Support 380 GeV klystron-only version as alternative

 Consolidate high-gradient structure test results

« Exploit Xboxes + nurture high-gradient test capabilities

 Develop plans for 2020-25 (‘preparation phase’) + structure
conditioning strategy

 Continuing and enhanced participation in KEK/ATF2

11
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‘Rebaselining’

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

~ 380 GeV (optimised for Higgs + top physics)
~ 1500 GeV
~ 3000 GeV

(working assumptions: exact choices of higher c.m. energies depend on LHC findings)

for various luminosities and safety factors

 EXxpect to make significant cost and power reductions for the initial
stages

« Choose new staged parameter sets, with a corresponding consistent
upgrade path, also considering the possibility of the initial-stage being

klystron-powered
12
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Rebaselining document

ORCANSATION FUROPIINSE FOUR LA RICOH RO NuCifauk

(‘ERN TUROPIAN ORCANUATION TOR NUCLIAR RIS ARCH

UPDATED BASELINE FOR A STAGED

COMPACT LINEAR COLLIDER

13

The Compact Linear Collider (CLIC) is a multi-TeV high-luminosity linear ¢ "e~ collider
under development. For an optimal exploitation of its physics potential, CLIC is foreseen
to be built and operated in a staged approach with three centre-of-mass energy stages ran-
ging from a few hundred GeV up to 3 TeV. The first stage will focus on precision Standard
Model physics, in particular Higgs and top measurements. Subsequent stages will focus
on measurements of rare Higgs processes, as wells as searches for new physics processes
and precision measurements of new states, e.g. states previously discovered at LHC or at
CLIC itself. In the 2012 CLIC Conceptual Design Report, a fully optimised 3 TeV collider
was presented, while the proposed lower energy stages were not studied to the same level
of detail. This report presents an updated baseline staging scenario for CLIC. The scen-
ario is the result of a comprehensive study addressing the performance, cost and power of
the CLIC accelerator complex as a function of centre-of-mass energy and it targets optimal
physics output based on the current physics landscape. The optimised staging scenario fore-
sees three main centre-of-mass energy stages at 380 GeV, 1.5 TeV and 3 TeV for a full CLIC
programme spanning 22 years. For the first stage, an alternative to the CLIC drive beam
scheme is presented in which the main linac power is produced using X-band klystrons.

CERN-2016-004

arXiv:1608.07537



https://arxiv.org/abs/1608.07537
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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

Unit 380 GeV | 3TeV
TeV 3
1034cmst 5.9
1034cm2st 2.0
Hz 50

312
ns 0.5
MV/m 100
km 50

14
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New CLIC layout 380 GeV
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New CLIC layout 3 TeV
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Current rebaselined parameters

Table 8: Parameters for the CLIC energy stages. The power consumptions for the 1.5 and 3 TeV stages
are from the CDR; depending on the details of the upgrade they can change at the percent level.

Parameter Symbol  Unit Stage 1 Stage2  Stage 3
Centre-of-mass energy N GeV 380 1500 3000
Repetition frequency Jeep Hz 50 50 50
Number of bunches per train ny, 352 312 312
Bunch separation At ns 0.5 0.5 0.5
Pulse length Toulse ns 244 244 244
Accelerating gradient G MV/m 72 72100  T2/100
Total luminosity &£ 1% em™%7! 15 3.7 59
Luminosity above 99% of /5 Lo 10%em™T! 09 1.4 2
Main tunnel length km 11.4 29.0 50.1
Charge per bunch N 10° 5.2 3.7 37
Bunch length . pum 70 - 44

IP beam size o,/ G, nm 149/2.9 ~6(/1.5 ~ 40/1
Normalised emittance (end of linac) & /g, nim 660/20 660/20

Normalised emittance & /&, nm 950/30 — —
Estimated power consumption By MW 252 3od 589




Current rebaselined parameters

Table 8: Parameters for the CLIC energy stages. The power consumptions for the 1.5 and 3 TeV stages
are from the CDR; depending on the details of the upgrade they can change at the percent level.

Parameter Symbol  Unit Stage 1 Stage2  Stage 3
Centre-of-mass energy N GeV 380 1500 3000
Repetition frequency Jeep Hz 50 50 50
Number of bunches per train ny, 352 312 312
Bunch separation At ns 0.5 0.5 0.5
Pulse length Toulse ns 244 244 244
Accelerating gradient G MV/m 72 72100  T2/100
Total luminosity &£ 1% em™%7! 15 3.7 59
Luminosity above 99% of /5 Lo 10%em™T! 09 1.4 2
Main tunnel length km 11.4 29.0 50.1
Charge per bunch N 10° 5.2 3.7 37
Bunch length . pum 70 - 44

IP beam size o,/ G, nm 149/2.9 ~6(/1.5 ~ 40/1
Normalised emittance (end of linac) & /g, nim — 660/20 660/20
Normalised emittance & /&, nm ol — —

Estimated power consumption By MW 252 3od 589




Preliminary cost estimate (350GeV)
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® Main beam production ™ Drive beam production W Two-beam accelerators
“ Interaction region B Civil engineering & services M Machine control & op. infra

Table 11: Value estimate of CLIC at 380 GeV centre-of-mass energy.

Value [MCHEF of December 2010]

Main beam production 1245
Drive beam production 974
Two-beam accelerators 2038
Interaction region 132
Civil engineering & services 2112
Accelerator control & operational infrastructure 216

Total 6690
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Klystron version (380 GeV)

Common modulator

366 KV, 265 A

2 x 68 MW
1.625 psec 2 x X-band klystron
Service tunnel
Load#1 t
Correction l
cavity chain .
Load#2 Linac tunnel
g;; i:;S Mw ' : 2 X SLED pulse compressor

2.5m (10 accelerating structures)

21
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Klystron version (380 GeV)

Common modulator
366 kV, 265 A

2 x 68 MW

1.625 psec 2 x X-band klystron

Service tunnel

Load#1

Correction
cavity chain

Load#2 Linac tunnel Table 12: The parameters for the structure designs that are detailed in the text.

L 2. Parameter Symbol Unit DB K DB244 K244

2 %213 Mw 3‘ 4% 2 X SLED pulse compressor
325ns . L Frequency f GHz 12 12 12 12
Acceleration gradient G MV/m 72.5 75 72 79

1+ 1 § 1 1 1 & 1 1|

| RF phase advance per cell Ag ’ 120 120 120 120
2.5m (10 accelerating structures) Number of cells N, 36 28 33 26
First iris radius / RF wavelength ap /i 0.1525 0.145 0.1625 0.15
Last iris radius / RF wavelength ay /A 0.0875  0.09  0.104 0.1044
First iris thickness / cell length d,/L, 0297 0.25  0.303 0.28
Last iris thickness / cell length dy /L. 0.11 0.134  0.172 0.17
Number of particles per bunch N 10° 3.98  3.87 5.2 4.88
Number of bunches per train Ny 454 485 352 360
Pulse length TRp ns 321 325 244 244
Peak input power into the structure P, MW 509 425 59.5 54.3
Cost difference (w. drive beam) AC, pg  MCHF =50 (20) 0 (20)

Cost difference (w. klystrons) AC, ¢ ZMCHF (120) 50 (330) 240
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Klystron version (380 GeV)

Common modulator
366 kV, 265 A

2 x 68 MW

1.625 psec 2 x X-band klystron

Service tunnel

Load#1

Correction
cavity chain

Load#2 Linac tunnel Table 12: The parameters for the structure designs that are detailed in the text.

L 2. Parameter Symbol Unit DB K DB244 K244
2 %213 Mw 3‘ 4% 2 X SLED pulse compressor
325ns . L Frequency f GHz 12 12 12 12
Acceleration gradient G MV/m 72.5 75 72 79
1+ 1 § 1 1 1 & 1 1|

| RF phase advance per cell Ag ’ 120 120 120 120
2.5m (10 accelerating structures) Number of cells N, 36 28 33 26
First iris radius / RF wavelength ap /i 0.1525 0.145 0.1625 0.15
Last iris radius / RF wavelength ay /A 0.0875  0.09  0.104 0.1044
First iris thickness / cell length d,/L, 0297 0.25  0.303 0.28
. . Last iris thickness / cell length dy /L. 0.11 0.134  0.172 0.17
CO S t I n g S r e | a.t I V e Number of particles per bunch N 10’ 398 387 52 4.88
. . Number of bunches per train Ny 454 485 352 366
to drive-beam version Pulse length Tap ns 321 325 244 244

Peak input power into the structure P, MW 509 425 54.3

~ KO
M ay b e | Ower 5 /O Cost difference (w. drive beam) AC,, pg  MCHF =50 (20) 20)

Cost difference (w. klystrons) AC, ¢ MCHF  (120) 50 240




Luminosity per year [fb]
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Updated CLIC run model
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CLIC Higgs physics processes
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e t e
Figure 3: The main processes at CLIC involving the top Yukawa coupling gy,,. the Higgs boson trilinear
self-coupling A and the quartic coupling ggpww -
25



Go

LINEAR COLLIDER COLLABORATION

@

CLIC Higgs physics capabilities

coupling relative to SM

1.2 [—

0.8

CLICdp preliminary
model independent

o 350 GeV
o+ 1.4TeV
e +3TeV

Parameter Relative precision
350GeV +14TeV  +3TeV
500fb ' +1.5ab ' +2ab’

SHzz 0.8% (.8% 0.8%

SHww 1.3% 0.9% 0.9%

SHbb 2.8% 1.0% 0.9%

SHee 6.0% 2.3% 1.9%

SHer 4.2% 1.7% 1.4%

SHup — 14.1% 7.8%

SHut — 4.1% 4.1%

Shion 3.6% 1.7%  1.4%

Siipy - 57%  3.2%

Lhizy — 156%  9.1%

I'y 6.4% 3.7% 3.6%

26
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CLIC Higgs physics capabilities

Higgs couplings
to heavy
particles benefit
from higher c.m.
energies:

CLICdp preliminary o 350 GeV

1.2 ™ model independent o+ 1.4TeV

coupling relative to SM

ttH ~ 4% R L s T

HH ~ 10% [ Ly L TomTe L -

0.8
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CLIC Higgs physics paper

Higgs Physics at the CLIC Electron-Positron Linear Collider
(CLICdp collaboration paper)

40 pages, 123 authors, >25 full-simulation studies

CLICdp-Pub-2016-001 and arXiv:1608.07538 (29/8/2016)

Submitted to EPJC — now addressing referees’ comments

28


https://cds.cern.ch/record/2210491
https://arxiv.org/abs/1608.07538
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CLIC top physics example:
form factors (380 GeV)

LHC, Vs =14 TeV, L = 3000 fb"

. Phys.Rev.D71 (2005) 054013
Phys.Rev.D73 (2006) 034016

ILC, Vs =500 GeV, L = 500 b
EPJ C75 (2015) 512

CLIC, Vs =380 GeV, L =500 fb™
PRELIMINARY

~ CLIC, /5=380 GeV, L =500 fb™! (G yncen~ 3%)
=+ PRELIMINARY

Uncertainty

107"

1072

i Z Z T Z
I:1V F1V I:1A F2V I:2V

Figure 9: Uncertainties of the top quark form factors (assuming SM values for the remaining form
factors) compared between estimations for LHC, ILC and CLIC [10]. The form factors are
extracted from the measured forward backward asymmetry and cross-section. For the ILC,
+80% e polarisation and T30% e polarisation are considered and for CLIC, +80% e




New CLIC detector model

return yoke (Fe)
with muon-ID
detectors

superconducting
solenoid, 4 Tesla

fine grained (PFA)
calorimetry, 1+ 7.5 A,
Si-W ECAL, Sc-FE HCAL

end-coils for
— field shaping

forward region with
compact forward
calorimeters

silicon tracker,
(large pixels / short
strips)

Note: final beam ultra low-mass

focusing is outside vertex detector,
the detector < > ~25 um pixels

30
11.4m Lucie Linssen




Rebaselining: ongoing studies
Optimize drive beam accelerator klystron system: higher-
efficiency klystrons
Eliminated electron pre-damping ring (better e- injector)
Systematic optimization of injector-complex linacs
Optimize / reduce power overhead estimates

Use of permanent or hybrid magnets for the drive beam
(order of 50,000 magnets)

31
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CLIC Project Meeting 29 November 2016 R. Corsini — CTF3 status @b

CTF3 Experimental Program 2016

CLIC two-beam module tests
« Power production, stability + control of RF profile (lbeam
, loading compensation)
- RF phase/amplitude drifts along TBL, PETS switching at full
. power

. A|ignmen’r tests {l] CR.STBPMO01555

0

vad E

-5

-104

-151

-20

- q
Drive Becm SIIJ_I]_ 52‘[;0_5‘;'0[; :SEfI]l] 58‘00 EIJIIJIJ 62Il]l] 64IIJI] ﬁﬁll]l]
« Dispersion free-steering, dispersion matching, orbit
Phase Along the Pulse Drive-b " control, chromatic corrections, emittance, stability
— 10} Downstream FF Off rive-bedm phase + Beam deceleration + optics check in TBL
a Downstream FF On feed-forward tests
d ~—— Upstream o
o « Increase reproducibility
% 5| FF Off (mean 1.6810.02:) o Pemons‘]‘rg‘]‘.e factor ~ 10
0 FF On (mean 0.26+0.01") JITTer reduction
o
0
Ongoing instrumentation tests

660 700 3(')0 960 . Wc.ke—Field Moni’rors
Time [ns] * Main and Drive beam BPMs ...
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CALIFES

Probe Beam BPMs Coy .

(to module) ~ 3 ‘ 3

Klystron

»
B e

Py

il

. . *

N
Spectrometer Quadrupoles Accelerating S/t:uctures

6

' Dl 9 et -?:__9
3 I ) ) I

Buncher Gun

Figure 1: The current CALIFES beam line. The length of the facility (as shown) is ~20m.

il
Beam parameter (end of linac) Value range
Energy 80 - 220 MeV
Bunch charge 0.01-1.5nC
Normalized emittances 2 um in both planes
Bunch length 300 um-1.2 mm
Relative energy spread 1%
Repetition rate 1-5Hz
Number of micro-bunches in train Selectable between 1 and >100
Micro-bunch spacing 1.5 GHz

Table 1: CALIFES parameters.

Continuation of the CLIC high-gradient research

X-band FEL collaboration (preparation for EU-proposal) -

Instrumentation tests (including WFMs)
Discharge plasma wakefield experiments

Impedance measurements
Irradiation facility
THz production

General interest from AWAKE (incluging
instrumentation)
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CALIFES workshop

Workshop on exploitation of CALIFES as an e- beam
user facility: CERN 10-12 October 2016

= CALIFES Workshop 2016

" 10-12 October 2016
CERN

https://indico.cern.ch/event/533052/

35
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CALIFES = ‘CLEAR’
CERN Linear Electron
Accelerator for Research

Klystron
ru_._.s_-.._.‘.:-
Probe Beam BPMs ¢ i l o
(to module) i ; Y 2 E
- o . /
Spectrometer Quadrupoles Accelerating Structures Buncher Gun

Figure 1: The current CALIFES beam line. The length of the facility (as shown) is ~20m.

3
Beam parameter (end of linac) Value range
Energy 80 -220 MeV
Bunch charge 0.01-1.5nC
Normalized emittances 2 um in both planes
Bunch length 300 um -1.2 mm
Relative energy spread 1%
Repetition rate 1-5Hz
Number of micro-bunches in train Selectable between 1 and >100
Micro-bunch spacing 1.5 GHz

Table 1: CALIFES parameters. 36



11.994 GHz X-band
100 MV/m

Input power =50 MW
Pulse length =200 ns
Repetition rate 50 Hz
HOM damping
waveguide

Inside

25cm 6 mm diameter
CLIC Project Review, 1 March 2016 beam aperture Walter Wuensch, CERN



Existing and planned Xband infrastructures

RepRateB0HzE
BeamiestZapabilities?

RepRateB0HzR

RepRate@00HzR

Previou: s:2
4ROSHCTF2)2!
20138  @D26CC-NIHCTF2)2

2014-15 ET24HDogleg)?

rrary @)
Cig NextefatKEKEL I

/ Nextef facilities

PreviousXests:?
2014-15 LLICICrabXavity?

MediumipowerliestsqXbox-3A):@
2015MD-printedTilvaveguide®
2015TK-bandRFValvel

Ongoingitest:?
Sep2015- AT240PEN

9 SINAPEhavelbothBrderedd

XBox-1 test stand 50 MW Operational
Xbox-2 test stand 50 MW Operational
XBox-3 test stand 4x6 MW | Commissioning
KEK NEXTEF 2x50 MW | Operational,
supported in part by
CERN
SLAC ASTA 50 MW Operational, one
structure test
supported by CERN
Design of high-efficiency |30 MW Under discussion
X-band klystron
Trieste Linearizer for Fermi 50 MW Operational
PSI Linearizer for SwissFEL 50 MW | Operational
Deflector for SwissFEL 50 MW Planning
DESY Deflector for 50 MW Planning (note first
FLASHforward two may share power
unit)
Deflector for FLASH2 50 MW Planning
Deflector for Sinbad 50 MW Planning

50MWEX-bandiklystrons. |




Electron Pulse
S i

om Linac: Femtosecond Infrared
La: ul

Femtosecond
X-Ray Pulse

i

- i, ,,-n«‘: Pt

. e - p—— n ——— . O
e

Australia | Test stand 2x6 MW Proposal, loan
agreement from CERN
Eindhoven | Compact Compton source | 6 MW Proposal, request for
loan from CERN
Uppsala Test stand 50 MW Proposal, request for
loan of spare
klystron from CERN
Tsinghua Deflector for Compton 50 MW Ordered
source
Linearizer for Compton 6 MW Planning
source
SINAP Linearizer for soft X-ray 6 MW Ordered
FEL
Deflectors for soft X-ray 3x50 MW | Planning
FEL
Valencia S-band test stand 2x10 MW | Under construction
STFC Linearizer 6 MW Under discussion
Deflector 10 MW Under discussion
Accelerator tbd Under discussion




Accelerating gradient summary
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Original test structure geometry. Baseline g_eornetry, CLIC-G.
Newly optimized geometry, based on

these results,
CLIC-G* now in production pipeline.

Walter Wuensch



European National/Institute Ambitions

sample

\/ PANalytical

The Analytical X-ray Company
detector

UNIVERSITY OF

University of Groningen: FEL-NL

VDL Enabling Technologies Group
TU/e 0 SMART*LIGHT consortium
Eindhoven University of Technology: Smart*Light

Develop
community

UK FEL
facility opens

Decision on
UK FEL facility

| Operate and

Define facility
| upgrade facility

o | Build facility
specification

2035

tunable IR/optical probe g
3 5ing{(g-Lyd(j L ] | @ == Pump laser ad - laser
y THz pump _sourcel
L UK FEL Strategy [ : (I | bunch emittance
§E’;’§E§§?&23;§§ie”“” | & Timeline il ’ compressor compensation
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\ i A\
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Stockholm/Uppsala FEL centre: X-ray & THz radiation

Andrea Latina



CompactLight — EU Horizon2020 proposal

e From previous application:

- ST Elettra - Sincrotrone Trieste, Italy.
— CERN CERN Geneva, Switzerland.
— STFC Daresbury Laboratory, UK
— SINAP Shanghai Institute of Applied Physics, Shanghai, China.
- VDL VDL ETG T&D B.V., Eindhoven, Netherlands.
- OSLO University of Oslo, Norway.
— 1ASA National Technical University of Athens, Greece.
- Uu Uppsala University, Uppsala, Sweden.
— ASLS Australian Synchrotron, Clayton, Australia.
— UA-IAT Institute of Accelerator Technologies, Ankara, Turkey.
— ULANC Lancaster University, Lancaster, UK.
e New, additional, participants: to be
- TU Eindhoven Technical University, Netherlands
— LNF Frascati National Laboratory, INFN, Italy .
— Kyma Undulators production, Italy-Slovenia Su b m Itted
- PSI Paul Scherrer Institute, Switzerland
— RUG University of Groningen, Netherlands M d rCh 2017
— IFIC CSIC/Valencia, Spain
— ALBA CELLS, Spain
— LAL CNRS, France
- KIT Karlsruhe, Germany

e Discussing with: Singapore, CIEMAT, DESY, Milan, ENEA _
Andrea Latina



Outlook > European Strategy

Aim to:

 Present CLIC as a credible post-LHC option for
CERN

 Provide optimized, staged approach starting at
380 GeV, with costs and power not excessive
compared with LHC, and leading to 3 TeV

« Upgrades in 2-3 stages over 20-30 year horizon

« Maintain flexibility and align with LHC physics
outcomes
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CLIC roadmap

2013 - 2019 Development Phase 2020 - 2025 Preparation Phase
Development of a Project Plan for a Finalisation of implementation
staged CLIC implementation in line with parameters, preparation for industrial
LHC results; technical developments with procurement, Drive Beam Facility and
industry, performance studies for other system verifications, Technical
accelerator parts and systems, detector Proposal of the experiment, site
technology demonstrators authorisation

2019 - 2020 Decisions 2025 Construction Start 2035 First Beams

Update of the European Strategy for Ready for construction; Getting ready for data taking by
Particle Physics; decision towards a next start of excavations the time the LHC programme
CERN project at the energy frontier reaches completion

(e.g. CLIC, FCC)

St L Sl

-,4--.4“:‘".:“‘

==-—'h

@ Compact Linear Collider




Outlook = European Strategy

Key deliverables:

Project plan: physics, machine parameters, cost,
power, site, staging, construction schedule,
summary of main tech. issues, prep. phase (2020-
2025) summary, detector studies

Preparation-phase plan: critical parameters, status
and next steps - what is needed before project
construction, strategy, risks and how to address
them s
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CLIC Workshop 2017

6-10 March 2017
CERN

Europe/Zurich timezone

Overview

CERN Shuttle service
CERN Bike Sharing Service
How to come to CERN
Visitors' Portable
Computers Registration

CLIC Study Website

CLIC detector and physics
website

The CLIC workshop 2017 covers Accelerator as well as the Detector and Physics studies, with its
present status and programme for the coming years.

For the Accelerator studies, the workshop spans over 5 days: 6th - 10th of March.
For CLICdp, the workshop is scheduled from Tuesday afternoon 7th to lunchtime on Friday 10th.

Registration will be opened soon.
Programme

Common parts:

1- An open plenary session on Wednesday afternoon March 8th, giving an overview of the CLIC
project (accelerator, physics/detector), placed in the context of LHC results. This session also
addresses the use of CLIC-related developments in other applications.

2- A common plenary accelerator/detector&physics session on Friday morning March 10th.

3- The workshop dinner on Wednesday evening.

Dedicated Accelerator sessions:
1- Parallel sessions on Monday afternoon, Tuesday and Wednesday morning

2- A session on Thursday covering High-Efficiency RF Power sources developments for CLIC and for
other accelerator applications like ESS, FCC and other high-power electron and proton linacs.

3- A CLIC/CTF3 Collaboration Board on Friday afternoon

Dedicated Detector and Physics sessions:
1- Topical sessions on Tuesday afternoon, Wednesday morning and all of Thursday.
2- The CLICdp Institute Board meeting will take place over lunch on Thursday.

3- A CLICdp dinner is organised for Thursday evening.
(Note that an FCAL meeting is scheduled at the beginning of the week, prior to the CLICdp sessions).

We are looking for the widest possible participation and encourage in particular the involvement of
young colleagues.
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CERN Courier article

“CLIC steps up to the TeV challenge”

by Philipp Roloff and Daniel Schulte
(November 2016)

http://cerncourier.com/cws/article/c
ern/66567
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Backup slides
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@
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E—LEWHELZ1
e — HAREEE—LE-ZOMR —
i s H “! ' — .i I.- -i i-':. .-ii H L— - I

b ; Extraction line
. — . , .
RENRE—-LT1Y T MITIRNBEREN: y. F3T TTTRY
—+/A—FIVE—LOME — R g :

HEITE

o - !.:g. s 1y -'ﬁ.. i F ﬂ;" &
Nano-meter beam R&D (ATF-FF) L vRI _
B o n P . TR A . R -
RET)00 e
iy, —HRRSEEOBFE—LICTERTS — ®
B Damping Ring =
RIS SRR EFH X, B
—BFE—LEERTS — X S
Photocathode RF Gun &G : Co ] ’n
'”’J!_.' El I i !_. H : == ;- e,
M " : JI'I,.i . f':’ :f 5_1 :f LI :f Ii '_F B !| Wl o1 "y

Bi o= Jgf * [§j8 % HE = « [N = = |8 = = |§ O £ '.:.'n.: ==||:‘!I.=. _
EFIRAZINESE (1.3GeV) |
—RBFE—LEMETS —
S-band electron LINAC

49



CLIC + ATF/ATF2

Demonstration of nanometer-scale beam (~41nm achieved)
Beam stabilisation at nanometre level
Also:
Beam tuning techniques
Beam jitter characterisation and amelioration
Beam feedback + feed-forward
Magnet development (hybrid QDO, PM octupoles)
Beam instrumentation: BPMs, transverse beam size ...

DR extraction kicker tests ...
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Ground motion sensor array

lap

J A.Jeremie ATF2 operations meeting May 17 2013 3




FONTS ‘intra-train’ feedbacks

—ipB
~—~IPA

| ]
Fl-H

QF9X *
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QDOFF
QFIFF
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QD14X
QF13X
QDI2X

QF7FF  MFBIFF

-3
--I’.— .
beam direction

Damping Ring
B Quadrupole [l Sextupole [ Dipole Skew Quadrupole [ Corrector
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Stabilising beam near IP

[PC
IPB
IPA
~—IPK

-
-
e S

s

P
QDOFF
QFIFF

-—Pl1
-—KI1

I
|
|

| ]
Fi-H

QF9X i
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QF13X
QDI12X

QF7FF MFBIFF

-3
--I’.— .
beam direction

1. Upstream FB:
2. Feed-forward:

3. Local IP FB:

Damping Ring

monitor beam at IP
from upstream BPMs - IP kicker
using IPBPM signal and IP kicker



Upstream FONTS System

Analogue Front-end FPGA-based digital

rocessor
BPM processor P

Strip-line icker
Meets ILC requirements: BPM resolution

Dynamic range

Stripline BPM with
mover system Latency



FONT5 system performance

Mumber of triggers

Mumber of triggers
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Predicted jitter reduction at IP

Position y jitter (nm) Angle y' jitter (urad)
Bunch Feedback off Feedback on Feedback off Feedback on
1 9.5 +10.3 10.1 +0.3 X0+ 3 X7+ 3

2 9.44+0.3 3.6 0.1 87+ 3 28+1

Predict position stabilised
at few nanometre level...

How to measure It?!
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€ Beam tuning at FACET (SLAC) ™

Timestamp: 20130313_013214
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FACET measurements of wakefields

Transverse wakefield [V/pC/m/mm]
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AC power
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AC power (1.5 TeV)

Radio Frequency

Magnets Other
Components

Exp+ Area
9%
3IMW

RF Magnets
45% 21%
16IMW JSMW
45% 21% 35%

16IMW

7IMW 125MW
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Energy consumption
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@ Automatic’ parameter determination @
Structure design fixed by few
parameters

a,a,d,;d,N,0,G f j

Idrlvel ﬂ
Beam parameters derived Egrivel?
. e T
automatically to reach specific RF' ﬂ cyclel
energy and luminosity Se°t°r j L J E
comblnel r
Two-BeamBcceleration@omplex?

Consistency of structure with RF Lnoduter@structuresEh-B
constraints is checked

Repeat for 1.7 billion cases DriveBeam@GenerationfLomplex?  MainBeamEenerationfomplexE
I:)klystron'ENkIystron'lz]'DBA'" Pklystron'"

Design choices and specific studies
* Use 50Hz operation for beam stability
e Scale horizontal emittance with charge to keep the same risk in damping ring

* Scale for constant local stability in main linac, i.e. tolerances vary but stay above CDR
values

* BDS design similar to CDR, use improved 3,-reach as reserve
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Cost / power model

é Simplified@Parameter@iagraml é

Cinvestmentn  INVestment@ostk
Coperation?  Operation®ost/yeartd
P Poweronsumptionl

A

Cinestmentl
Cinestment' Coperation' P Cinestment' C
Coperation’ PNNON . CmeStm.ent'P.
A operation?’ =
N

Two-Beam@cceleration@omplex? ~
L EAY B2

'module’““structure’*

InfrastructureEndBervices
Controls@nd@perationall
infrastructurel

Drive@BeamiGenerationfComplex?l  Main@Beam@enerationfComplex?
I:)klystron'BNklystron'ELDBA'" I:’klystronl"

D.Bchulte,LICRebaselining@®rogress,#Februat

Power Model

* Does not contain BDS and experiments

* Main beam injector power scaled with charge
per train

 Some improvement is possible (e.g. drive
beam turn-around magnets, booster linag, ...)



Example output (360 GeV)

350
S=1.1 L=1.0x103*cm2st
=1.25x103*cm2s?!
200 | L=1.5x103*cm?s™!
L=2.0x1034cms!
=
2
— 250 |
()]
Luminosity goal impacts 2

)

minimum cost
For L=1x103*cm2s1to
L=2x103*cm2s1:

200 -

Costs 0.5 a.u.
And O(100MW) 150

3 3I.5 I4 4I.5 5
Cost [a.u.]

Cheapest machine is close to lowest power
consumption => small potential for trade-off
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CLIC detector concept

ILC concepts adapted to a single
detector for CLIC:

« Highly-granular, deep calorimeter
4T solenoid

« Low-mass Si tracking system

« Precision vertexing closeto IP

« 10ns time-stamping
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@

Drive beam quadrupoles (40 mw @ 3 Tev)

distance along drive heam
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High energy quad — Gradient very high
Low energy quad — Very large dynamic range
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Permanent Magnet solution
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PM engineering concept

PM Block I Steel
\'/ et ol
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& &
Permanent Magnet prototypes

14 BJA Shepherd et al,
g2 % Tunable high-gradient
£, AN permanent magnet
2 N
g SN guadrupoles, 2014
3 el JINST 9 T11006
En —model T

——

* rotating coil

8
6
4 stretched wire \'\._
2
0

0 10 20 30 40 50 60 70
stroke [mm]

10

Patent granted to
cover both designs

integrated gradient [T]
o = N w £ wv [=2] ~ o] o

0 10 20 30 40 50 60 70 80
stroke [mm]

Team now focussed on
PM Dipoles




Now looking at PM dipoles

Type Quantity [Length Strength Pole Good Field |Field Range
(m) Region Quality (%)
mm) (ale))

20 x 20 1x 104 +1
RTML
DI VAYEE 576 1.5 1.6 53 40 x 40 1x 104 50-100

— Drive Beam Turn Around Loop (DB TAL)
— Main Beam Ring to Main Linac (MB RTML)

Total power consumed by both types: 15 MW
Several possible designs considered:
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Now |looking at PM dipoles

Type Quantity |[Length Strength Pole Good Field |Field Range
(m) Gap Region Quality (%)
mm) (ale))

20 x 20 1x 104 +1
RTML
DI VAYEE 576 1.5 1.6 53 40 x 40 1x 104 50-100

— Drive Beam Turn Around Loop (DB TAL)
— Main Beam Ring to Main Linac (MB RTML

Total power consumed by both types: 1!
Several possible designs considered:
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Assembly — towards industrialization @

AS DISC STACK BONDING AS ASSEMBLY

>

AS DISC

RF Flange

Acceptance Acceptance
at CERN at CERN
Cooling block
Disc stack
Coupler
4-5 brazing steps
Cell shape accuracy - 0.004 mm AR
Flatness - 0.001 mm i A"Q”f“e”* ,
REQUIREMENTS: - Special tooling
Surface roughness - Ra 0.025 _ Clean environment
T \ Y J
Commercial suppliers: Suppliers:
- 4 qualified companies for - 3 quadlified companies for brazing/bonding
UP machining; operations, supervision by CERN;
- Single-crystal diamond - Collaborators.

( tool required.




Symmetry plane structures @
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Structures in parts along symmetry planes have significant potential advantages -

cost, joining, heat and chemical treatment, materials. Does require 3-D micron
precision milling which is now possible.

Early tries with quadrants yielded unsatisfactory results, but don’t believe this was
end of story. We're back!

CLIC Project Review, 1 March 2016 Walter Wuensch, CERN



