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Participants

Participants

227 in total
90 from CERN

Mostly on the machine side. Around 30-50 people at the
physic/detector parallels
Many non-CLIC machine delegates

Mikael Berggren (DESY) CLIC ws ILC@DESY jan ’18 3 / 22



Machine

Machine

As before: staged (380 GeV - 1.5 TeV - 3 TeV)
Klystron based 380 GeV stage still open, and will be looked into
on equal footing
Exploiting synergies with other X-band users.
Study industrialisation.
Material from Burrows, Stapnes, Catalan-Lasheras in Wednesday
plenary,
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Machine

Machine

Upgrade strategy

13
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Machine

Machine: 380 GeV stage, Klystron version

46

Klystron version (380 GeV)

Costings relative

to drive-beam version: 

differences ~ 5%
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Machine

Machine: Power
AC power 

34

CERN 2012
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Machine

Machine: Challenges
Key technical challenges

27

• High-current drive beam bunched at 12 GHz

• Power transfer + main-beam acceleration

• 100 MV/m gradient in main-beam cavities

 Industrialisation of 12 GHz RF/structure technologies

 Application to medium- and large-scale systems
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Machine

Looking for industrial partners for new technologies

COPPER ULTRA-PRECISION MACHINING I

 Diamond-tool ultraprecision machining

 Turning and milling

 Very strict qualification based on visual inspection and CMM metrology

 VDL (NL), LT-Ultra (DE), Yvon Boyer (FR), DMP (ES), Morikawa (JP), KERN (DE) 
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Machine

Looking for industrial partners for new technologies

JOINING. COPPER DIFFUSION BONDING AND BRAZING

 Diffusion bonding and brazing with a protective H2 atmosphere. 

 High vacuum <10-5 mbar; >15% H2; > 1000 ºC

 Qualification of the oven involving pollution tests and an observation with scanning electron microscope

 Bodycote (FR), Reuter (DE), TMD (UK), MHI (JP)

 Potential extension to vacuum brazing following structure manufacture from PSI

 Electron-beam-welding of hard copper under investigation
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Machine

Looking for industrial partners for new technologies

SURFACE TREATMENT

 Copper coating on stainless steel.

 Need to respect dimensioning 

 Technology transfer from CERN if needed

 Thermocompact (FR), BACMI (FR), Multivalent 

(NL, ongoing)

 Vacuum baking at 10-8 for 1-2 days

 Big furnace

 Bodycote (FR), COMEB (IT), MHI (JP)
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Machine

Synergies with other X-band facilities?

Above: EU Design Study for X-Band FELs 

2018-2020: http://compact-light.web.cern.ch

Beyond being a collaboration for CLIC, many 

groups have their own X-band facilities and 

components (see overview on the left)

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 XBox-1	test	stand 50	MW Operational,	connection	to	CLEAR	planned

Xbox-2	test	stand 50	MW Operational

XBox-3 test	stand 4x6	MW Operational

Trieste Linearizer	for	Fermi 50	MW Operational

PSI Linearizer	for	SwissFEL 50	MW Operational

Deflector	for	SwissFEL 50	MW Design	and	procurement

DESY Deflector	for	FLASHforward 6	MW Design	and	procurement

Deflector	for	FLASH2 6	MW Design	and	procurement

Deflector	for	Sinbad tbd Planning

Tsinghua Deflector	for	Compton	source 50	MW Commissioning

Linearizer	for	Compton	source 6	MW Planning

SINAP Linearizer	for	soft	X-ray	FEL 6	MW Operational

Deflectors	for	soft	X-ray	FEL 3x50	MW Procurement

Australia Test	stand 2x6	MW Proposal	submission

Eindhoven Compact	Compton	source,	100	MeV 6	MW Design	and	procurement

Valencia S-band test	stand 2x10	MW Installation	and	commissioning

KEK NEXTEF	test	stand 2x50	MW Operational

SLAC Design	of	high-efficiency	X-band	klystron 60	MW In	progress

Daresbury Linearizer 6	MW Design	and	procurement

Deflector tbd Planning

Accelerator tbd Planning

Frascati XFEL,plasma accelerator,	1	GeV 4(8)x50	MW CDR

Test	stand 50	MW Design	and	procurement

Groningen 1.4	GEV	XFEL	Accelerator,	1.4	GeV tbd NL	roadmap,	CDR
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Machine

A CLIC-0 for physics at CERN?
An e-beam facility at CERN 

Accelerator implementation at 

CERN of LDMX type of beam

X-band based 60m LINAC to

3 GeV in TT4-5.

• Fill the SPS in 2s (bunches

5ns apart) via TT60

• Accelerate to ~10 GeV in

the SPS

• Slow extraction to

experiment in 10s as part

of the SPS super-cycle

• Experiment(s) considered

in UA2 area or – better -

bring beam back on Meyrin

site using TT10

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 
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Detectors

Detectors

New detector model CLICdet: Si-tracker, in dimensions similar to
ILD-small
Full model implemented in DD4Hep.
Re-tuning of Pandora, SW-compensation.
New track-finding algorithm.
Tracker: still lots of options.
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Detectors

CLICdet

4T B-field
Tracker outer radius =
1.5 m
Ie. ∼ an all Si.
ILD(small).
See:
CLICdp-Note-2017-001

CLIC Week 2018, January 22-26 2018, Rickard Stroem (CERN), rickard.stroem@cern.ch

• Iron return yoke instrumented 
with muon detectors, for 
muon identification 

• 4 T superconducting solenoid 
magnet (Rin = 3.4 m, L = 8.3 m) 

• Fine grained calorimetry 
system (ECAL and HCAL) 
using particle flow algorithm 

• Strong contribution to the 
CALICE and FCAL 
calorimeter R&D 
collaborations

CLIC detector model ‘CLICdet’

12

11.4 m

12
.8

 m

• Low-mass tracking system 
with separate tracker and 
vertex detector

• Enclosed in forward region: 
LumiCal (luminosity 
monitoring), BeamCal 
(extended coverage)

260 mm

More details: “CLICdet: The post-CDR CLIC 
detector model”, CLICdp-Note-2017-001

➼ Talk by André Sailer “FCAL: 
validation and performances”

➼ Talks at the CLICdp calorimeter 
R&D session (Thursday)

➼ Talk by Felix Sefkow 
“Calorimetry from LC to the LHC”
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Detectors

Reconstruction: Tracking w/ conformal mapping

Tracks in conformal space

4/26

u =
x

x2 + y2
v =

y

x2 + y2

Conformal mapping applies a geometry transform that maps circles in the x,y 

plane passing through the origin into straight lines in the u,v plane

Cellular automaton used to perform straight line search

Emilia Leogrande| CLIC Workshop 2018,  CERN - 23/01/2018

(E. Leogrande)
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Detectors

Conformal mapping efficiency
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17/26

CLIC_SiD

CLICdp work in progress

vertex R < 50 mm 
10 < θ < 170 deg

Overall better 
performances 
than CLIC_SiD

Performances with complex events: 1b. tracking efficiency for Zuds @ 500 GeV

purity > 75% 
purity = Nhits belonging to the associated MC Particle / total Nhits

With and without background: > 98% for pT > 1 GeV
Emilia Leogrande| CLIC Workshop 2018,  CERN - 23/01/2018

(E. Leogrande)
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Detectors

Conformal mapping: but - displaced vertices ...
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Tracking efficiency for displaced tracks: Zuds @ 500 GeV

20/26

pT > 1 GeV/c 
10 < θ < 170 deg 
purity > 75%

vertex
inner 
tracker

outer  
tracker

Efficiency independent on background

CLICdp work in progress

Emilia Leogrande| CLIC Workshop 2018,  CERN - 23/01/2018

(E. Leogrande)
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Detectors

Reconstruction: Calorimeters

Pileup removal w/ timing cuts

Matthias Weber 
CERN 

Calorimeter Session, Jan 25 
Workshop 2018 

] 
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Background in Zà light dijets at 3 TeV 

23 

At 3 TeV expect 3.2 hadronic event per bunch crossing  
Check events of Zàuds quarks, dijet events without genuine missing energy  

Out of originally almost 2 TeV additional energy 
after timing and pT cuts: ~ 100 GeV remain 
(tight selection à targets to deal with 3 TeV 
conditions) 
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CLICdp work in progress CLICdp work in progress

No genuine missing momentum component 
in these events à all selection cuts recover 
performance before background overlay 

(M. Weber)
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Detectors

Reconstruction: Calorimeters

Pileup removal w/ timing cuts

Matthias Weber 
CERN 

Calorimeter Session, Jan 25 
Workshop 2018 

] 

Background in ZZàqqνν at 3 TeV 

24 

At 3 TeV expect 3.2 hadronic event per bunch crossing  
Check change in missing transverse momentum 

Comparable performance of CLICdet with CDR 
CLIC_ILD model in presense of background 
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CLICdp work in progress

Here tightSelected PFO cuts applied on red 
curve 

New model 
CLICdet 

CDR model 
CLIC_ILD 

(M. Weber)
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Detectors

Reconstruction: Calorimeters

Pileup removal w/ timing cuts

Matthias Weber 
CERN 

Calorimeter Session, Jan 25 
Workshop 2018 

] 

Background and mass reconstruction 

25 

Study timing cuts in 3 TeV WWàqqqq events, boosted topology à cluster event in 
two jets  

Using tight selected PFOs as input for jet clustering almost recovers mass peak at 80 
GeV completely 

(M. Weber)
Mikael Berggren (DESY) CLIC ws ILC@DESY jan ’18 17 / 22



Physics

Physics

14 talks (7 Theory/ 7 exp)
One higgs session, one top. No BSM experimental talks.
Not much new.
Plan for European strategy input:

Higgs paper: Eur. Phys. J. C77 (2017) no.7, 475
Top paper: In final drafting, plan to submit by summer (JHEP)
Extended BSM study this year.
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Physics

Higgs

ttH : ∆g/g = 3.9 % @ 1.4 TeV w/ CLIC-ILD
CP-violation in ttH (from cross-section) : ∆ sinφ ∼ 0.1
H->γγ : σ×BR ∼ 10 %
The top-portal for composite H (theory).
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Physics

Higgs self-coupling

-2 -1 0 1 2 3

CLIC

ILC

FCC-ee
&

CEPC

HL-LHC

-2 -1 0 1 2 3

binned Mhh in ννhh (4 bins)

+ Zhh at 1.4 TeV

350GeV(500/fb)+1.4TeV(1.5/ab)+3TeV(2/ab)

above + 1TeV(2/ab)

above + 500GeV(4/ab)

250GeV(2/ab)+350GeV(200/fb)

250GeV(2/ab) only

FCC-ee with zero aTGCs

240GeV(5/ab)+350GeV(1.5/ab) (FCC-ee)

240GeV(5/ab)+350GeV(200/fb)

240GeV(5/ab) only (CEPC)

14TeV(3/ab), rates & distributions

δκλ (≡
λ3

λ3SM
-1)

bounds on δκλ from EFT global fit

68%,95%CL bounds, lepton collider only
68%,95%CL bounds, combined with HL-LHC

68%,95%CL bounds, 1h only (w/ HL-LHC 1h)

-0.32

-0.38

-0.39

-0.34

-0.52

-1.37

-1.59

-0.77

-0.86

-1.25

-1.45

-1.72

-0.18

-0.21

-0.21

-0.18

-0.25

-0.72

-0.85

-0.39

-0.43

-0.66

-0.81

-0.92

+1.05

+1.48

+1.56

+0.42

+0.47

+1.85

+4.94

+0.80

+0.90

+1.59

+2.60

+6.05

+0.28

+0.32

+0.33

+0.20

+0.24

+0.83

+1.13

+0.40

+0.44

+0.76

+1.04

+1.26

-x.xx +x.xx-x.xx +x.xx 68%
95%CL bounds (combined with HL-LHC)

Reach at different colliders

Combined global fit
at ILC or CLIC

can reach ~20% precision
and select “correct” minimum

CEPC and FCC-ee
can reach ~40% precision

(G. Panico)
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Physics

Higgs self-couplingSensitivity to Higgs self-coupling

-2 -1 0 1 2
0

1

2

3

4

δκλ

σ
/σ
S
M

e+e- → Zhh
ILC 500 GeV, P(e-,e+)=(-0.8,0.3), 0.23 fb
ILC 1 TeV, P(e-,e+)=(-0.8,0.2), 0.17 fb
CLIC 1.4 TeV, unpolarized, 0.08 fb
CLIC 3 TeV, unpolarized, 0.03 fb

ILC 500GeV (±16.8%)

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
0

1

2

3

4

δκλ

σ
/σ
S
M

e+e- → ννhh
ILC 1 TeV, P(e-,e+)=(-0.8,0.2), 0.13 fb
CLIC 1.4 TeV, unpolarized, 0.15 fb
CLIC 3 TeV, unpolarized, 0.59 fb

ILC 1TeV (±37%)
CLIC 1.4TeV (±44%)

CLIC 3TeV (±20%)

The two channels provide complementary information

✦ ZHH gives stronger constraints on ��3 > 0

✦ νν̅HH gives stronger constraints on ��3 < 0

‣ dependence on        stronger at lower COM energy, maybe worth 
collecting more luminosity at CLIC 1.4 TeV

��3

(G. Panico)

Mikael Berggren (DESY) CLIC ws ILC@DESY jan ’18 20 / 22



Physics

Higgs self-couplingSelf-Interaction from Single Higgs
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Physics

Top

From Whizard (J. Reuter): matching between threshold and
continuum regions now achieved.
Particularly important for CLIC @ 380 GeV !
Study of modification of beam-spectrum at tt threshold (F. Simon):

CLIC does considerably worse than ILC (and FCCee/Spec) on this
due to more beam-strahlung.
Idea: Half the bunch-charge to reduce beam-strahlung during
threshold scan.
Works...
... but not better than what a doubling of the integrated lumi would
do
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Closing interesting CLIC and ILC statements

Interesting CLIC and ILC statements

Fabiola, in her ’state of the union’ speech a week ago did, for the
first time, mention ILC.
She also request a ’project plan’ for CLIC for the period 2020-2025
(which Steinar gave a talk about in the plenary session.)
Steinar (cut ’n’ paste from his slides):

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

According to my notes, Eckard agreed with this statement, but
also points out that ILC-250 is not the ILC that the previous
strategy gave strong support.
He also remarked that LHC not finding anything strengthens the
hope that a lepton machine is where discovery will happen.
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