
Status of CLIC Detector and Physics

Alberto Ruiz Jimeno
On behalf of the CLICdp Collaboration

AMERICAS WORKSHOP ON LINEAR COLLIDERS 2017 (AWLC17)

SLAC, 26/30 June 2017

1



OUTLINE

• CLICdp collaboration

• CLIC environment and physics conditions

• CLIC physics program overview

• CLIC detector
• vertex

• tracker

• calorimeters

• CLIC strategy

2



CLICdp collaboration

Currently 29 institutes or networks of institutes from 18 countries  

~180 members 

http://clicdp.cern.ch/

Close connection to ILC detector concepts (ILD, SID), 

and CALICE, FCAL, AIDA-2020
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CLIC environment

CLIC

156 ns

20 ms
Not to scale!

3 TeV:

sx,y: 40 nm, 1 nm

sz: 44 µm

312 bunches/train

• Low duty cyclePower pulsing
• Beam induced background small cell sizes,  high B field, 

suppression of data
• Timing requirementsTriggerless readout, 1-10 ns time-

stamping

4

detector



• Small bunch size results in strong beam-beam interactions

• High background levels at low pT, theta

• Reject beam induced backgrounds with timing and pT cuts

• Requires high granularity (space and time) detector

CLIC detector requirements
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No background suppression Background suppression

CLIC environment

è

Background suppression

• Energy losses at IP
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CLIC physics conditions
Forward tracking  and 
calorimetry is increasingly 
important with higher 
c.m.s. energy

2009 JINST4 P08002

2009 JINST4 P08002
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CLIC physics program

Precision Higgs and top physics, 
100 fb-1 dedicated to top mass
threshold scan

BSM, precision
Higgs, ttH, HH, top

CERN-2016-004: Optimal exploitation of CLIC physics capabilities

Eur. Physics J.C. (2016)76:72

Higgsstrahlung
( jet energy resolution and S/N driving the
precision result)
+ Top physics
driving the choice of 380 GeV as the lower stage 7



CLIC physics program

Higgs Physics
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Top Physics

22/08/2016 Philipp Roloff Physics at high-energy e+e− colliders 39

Top quark couplings

• Top quark pairs are produced via Z/γ* in 
electron-positron collisions

• The general form of the coupling can be described as:

• New physics would modify the ttV vertex

• At a linear collider, the γ and Z form factors can be 
disentangled using beam polarisation
→ Measure for different beam polarisations:

- production cross section
- forward-backward asymmetry

• Expected precisions typically an order of magnitude 
better than HL-LHC

arXiv:hep-ph/0601112

BSM Physics

See Frank Simon talk
on physics
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CLIC detector requirements
High precision, low occupancy, 
large acceptance:

• Momentum Resolution
• Impact parameter resolution
• Precise timing (1-10 ns)
• Photon and Jet energy resolution
• Large angular coverage, forward 

acceptance
• Luminosity measurement

s(pT)/pT
2 ~ 2x10–5 GeV–1 ( > 100 GeV)

srf ~ 5⊕15/(p [GeV]sin3/2θ) mm

s(E)/(E) ~ 3.5% for Ejet>100GeV

Good single point resolution, 
ultralight vertex detector,  
large and low material budget
tracker, high B field, highly
granular calorimeters, large
coverage

s(E)/(E) ~ 0.4 - 4 % for Eg ~1500-10 GeV

Optimization: DD4hep framework used by CLIC, ILC, FCC, CEPC,…
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CLICdet

1
2

.8
 m

11.4 m

4T solenoid

Final focusing (QD0) 
outside the detector

Fine grained calorimeters

Return Yoke + muon ID

Forward EM calorimeters

Detector optimised for 

3 TeV

Ultra light Vertex + Tracker

CLICdp Note-2017-001



CLIC vertex detector

Vertex detector

Goal: efficient tagging of heavy quarks

through a precise determination of

displaced vert ices

560 mm

Mult i-layer barrel and endcap pixel

detectors

I 560mm in length

I Barrel radius from

30mm ≠ 70 mm

I Spiral endcap geometry

I 3µm single point resolut ion

I Material budget < 0.2%X0 per

layer (50µm silicon sensor +

50µm ROC)

I No liquid cooling, use forced air

flow cooling

I Limit the power dissipation to

50mW cm
≠ 2

, pulsed power

operation

I Hit t ime slicing of 10ns

A. Nürnberg:
A vertex and tracking detector system for CLIC 24. 05. 2017 5

• ~25×25 μm2 pixel size single point resolution 3 μm
•    0.2% X0 material per layer (incl. 0.11% for silicon)
• Air (dry) cooling strategy (spiral geometry)
• Double layers (3+3)
• Precise timing (~10 ns)

Beam Induced Backgrounds and M achine Parameters
Detector Performance

Summary

ILC and CLIC M achine Parameters
T ime St ructure
Occupancies

Occupancies in Tracking Detectors

Vertex detector layers need to stay clear of

cone of incoherent pairs

Need to increase radius of innermost vertex

layer to ⇠ 30mm to retain ILC-like

occupancies per train

Solenoid field helps to confine incoherent

pairs at low radii

5 Optimisation of the Detector Geometry
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Figure 5.14: Hit densities from incoherent pairs in the six vertex-barrel layers as function of the

radiusof therespective layer for threedifferent valuesof themagnetic field. Shown

are (a) the total hit density, as well as separately the contributions from (b) direct

and (c) backscattered hits

58

Incoherent pairs in CLIC ILD at
p

s = 3TeV

4 VERTEX DETECTORS

the LumiCal and BeamCal into the vertex detector region (see Chapter 9). The studies have focused on

the CLIC_ILD detector model and the obtained results have been transferred to the CLIC_SiD detector

model and confirmed there.

4.5.1 Beam-Pipe Layout and Design

The beam pipe should provide good vacuum at the interaction point, remain outside the background

envelope near the interaction region, allow for the placement of silicon elements as close to the beam

line as possible, present a low number of radiation lengths for trajectories of interest, and shield against

backgrounds originating upstream and downstream of the vertex detector region. It should be noted that

thevacuum quality isnot critical and that therefore bake-out of thevacuum system isnot required inside

the interaction region. The design that was developed for the beam pipes is shown in Figures 4.1, 4.2

and 4.8. A straight, beryllium portion near the interaction region minimises the number of radiation

lengths before vertex detector elements. Stainless steel conical portions with a wall thickness of 4 mm

extend in theforward and backward directionsand provideshielding against backscattering upstream and

downstream backgrounds. Figure 4.8 shows the density of direct hits in the 4 T field of the CLIC_ILD

vertex detector region. A cut-off with aparabolic shapecan clearly beseen. With alength of 520 mm and

an inner radius of 29.4 mm, the cylindrical section of the beam pipe is located safely outside the region

of high hit density, where theproduction of secondary hitswould lead to unacceptably largeoccupancies

in the detectors. Similarly, for a magnetic field of 5 T, the inner radius of the CLIC_SiD central beam

pipe was set to 24.5 mm, with a length of 460 mm.
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Fig. 4.8: Density of direct hits from incoherent pairs in a cylindrical projection of the vertex detector

region of theCLIC_ILD detector. Theposition of thebeam pipeand of the innermost barrel and forward

pixel layers are indicated with white lines.

The beryllium wall thickness must be sufficient to address porosity, to resist collapse under vac-

uum, and to resist forcesand moments transmitted from theconical portions. A wall thicknessof 0.6 mm

was assumed for CLIC_ILD; the corresponding value for CLIC_SiD is 0.5 mm. Those wall thicknesses

are conservatively high for vacuum collapse, which depends primarily on elastic modulus, Poisson’s

ratio, radius, and length. The designs of the Tevatron Run IIb beam pipes demonstrated that a thick-

ness of 0.5 mm is sufficient to address porosity issues [13]. Local stress concentrations will occur at

the transition joints to conical pipe portions if abrupt changes in material thickness are allowed. Those

concentrations can be minimised by an optimised design of the joint region. R&D in conjunction with

potential vendors isexpected to beconducted on thetransition jointsand beam-pipe fabrication methods.

A liner of titanium of thickness 25 to 50 µm, may berequired for the ILC central beam pipes [14]. How-

ever, simulation studies for incoherent-synchrotron radiation originating from the beam-delivery system

at CLIC indicate that the radiation envelopes stay within ± 5mm for 15σx and 55σy [15]. The impact of

radiation emitted in the beam-delivery system needs further studies.

90

C. Grefe, Energy, Collider Technology and Detector Opt imizat ion AWLC 2014, Fermilab, 12.05.2014 10Occupancy due to beam bkg < 3 % 

B = 4 T
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CLIC vertex detector

• Broad R&D program on sensors, readout, 

powering, cooling and integration

• Several technologies for sensors are being

probed, with thickness of 50-300 mm

• First prototypes of CLICpix readout ASIC, 

implemented in 65 nm CMOS technology have

been produced and tested in particle beams

• A first production of a new, larger active matrix, 

improved noise isolation, CLICpix2 is currently

being tested

B = 4 T

Bump-bonded  to 

planar sensor

Capacitively coupled to active sensor (HV-CMOS)

12



Beam induced backgrounds

I Granularity of the tracker driven by

background occupancy

I Aim is to limit the occupancy to 3% over

the bunch train, need short strips/ long

pixels

I Full simulat ion study: strip length for

50µm r Ï -pitch is limited to 1mm–10mm

I Actual granularity will depend on the

chosen technology

Detector layers
Strixel

length / mm width / mm

Inner barrel 1–2 1 0.05
Inner barrel 3 5 0.05
Outer barrel 1–3 10 0.05

Inner disc 1 0.025 0.025
Inner discs 2–7 1 0.05
Outer discs 1–4 10 0.05
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All-silicon CLIC tracker

1-10 mm maximum strip lengths 
(increasing from in to out)

Assumption: 50 micron
granularity in R/phi

End Cap
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CLIC tracker
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CLIC tracker

Single point resolution of 7µm 
 rf -pitch of ~50 µm (t.b.d.)4 T

Pixelated: 25 µm x 25 µm

(1-1.5)%X0 per layer

s(pT)/pT
2 ~ 2x10–5 GeV–1

15



CLIC tracker

Tracker optimization

I Tracker design is outcome of opt imizat ion

studies in fast and full detector simulat ions

I Requirement on momentum resolut ion for

high momentum tracks lead to B = 4T,

R = 1.5m and single point resolut ion

‡r Ï = 7µm

I Good agreement between fast and full

simulat ion
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s(pT)/pT
2 ~ 2x10–5 GeV–1

B= 4T
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CLIC tracker technology R&D

B = 4 T

Tracker R&D
August 2016 test-beam setup in SPS-H6

ALICE Investigator

7 Timepix3 telescope planes

Cracow SOI SPS beam

March 8, 2017 CLICdp status and plans 17

• Tracker requirements:

• Material budget 1-1.5% X0 / layer

• Spatial resolution ~7 μm

• fast timing (~10 ns)

• Has to cover ~100 m2 surface area

à integrated sensors w. large pixels ( 30 μm × 1 mm)

• Evaluating prototypes in different technologies: 

SOI; depleted monolithic CMOS

• Most challenging: maintain efficiency and good timing,

despite large pixel area

• Collaboration with HL-LHC tracker upgrade projects

• Mechanical integration and cooling concept for full tracker 

• Prototypes for support frames constructed

More in presentation

by D. Hynds later in this 

session

Prototype of outer barrel tracker support structure

AGH SOI test chip ALICE Investigator

s]m [
track

 - t
Hit
t

-0.1 -0.05 0 0.05 0.1

A
rb

it
ra

ry
 u

n
it
s

0

0.05

0.1

0.15

0.2

0.25

0.3

Gauss fit

CLICdp
work in 

progress

Magda len a  Mu n ke r  (CERN, Un ive rsit y o f Bon n ) -  TIPP 2017

Tim in g /  s t an da rd  &  m od ified  p rocess

St an da rd  p rocess: Mod ified  p rocess:

• Fast e r  t im in g fo r  m od ified  p rocess,  a s  exp ect ed  from  fu ll dep le t ion  

• Measu red  t im in g re so lu t ion  lim it ed  by readou t  sam p lin g frequ en cy o f 65 MHz

T im ing resolut ion  m atching well requirem ent  of 10 ns for CLIC t racker ( t .b.c. with fully in tegrated chip ). 

p . 7 /  12

σ ~ 5 ns σ ~ 7 ns 

• Pit ch  = 28 µm  

• Bias vo lt age  = 6 V,   

• Ep i t h ickn ess = 18 µ m  

• Neigh bou r t h resh o ld  ~ 70 e -  

• Seed  t h resh o ld  ~ 200 e -

• Pit ch  = 28 µm  

• Bias vo lt age  = 6 V 

• Ep i t h ickn ess = 25 µ m  

• Neigh bou r t h resh o ld  = 50 e -  

• Seed  t h resh o ld  ~ 150 e -

CLICdp
work in 

progress

Gauss fit

Cluster size X
0 1 2 3 4 5 6

A
rb

it
ra

ry
 u

u
n

it
s

0

0.2

0.4

0.6

CLICdp
work in 

progress

Magda len a  Mu n ker (CERN,  Un ive rsit y o f Bon n ) -  TIPP 2017

Clu st e r  s ize  &  re so lu t ion  /  s t an da rd  &  m od ified  p rocess

St an da rd  p rocess:

Mod ified  p rocess:
Cluster size X

0 1 2 3 4 5 6

A
rb

it
ra

ry
 u

n
it
s

0

0.1

0.2

0.3

0.4

0.5

CLICdp
work in 

progress

• Pit ch  = 28 µm  

• Bias vo lt age  = 6 V,   

• Ep i t h ickn ess = 18 µ m  

• Neigh bou r t h resh o ld  ~ 70 e -

• Pit ch  = 28 µm  

• Bias vo lt age  = 6 V 

• Ep i t h ickn ess = 25 µ m  

• Neigh bou r t h resh o ld  = 50 e -

Desp it e  t h in n e r  ep i an d  la rge r  t h resh o ld  fo r  s t an da rd  p rocess:  

• Larger  clu st e r  s ize  an d  be t t e r  re so lu t ion ,  a s  e xp ect ed  from  m ore  d iffu sion

X residual [mm]
-0.04 -0.02 0 0.02 0.04

A
rb

it
ra

ry
 u

n
it
s

0

0.02

0.04

0.06

0.08

Gauss fit

CLICdp
work in 

progress

Posit ion  resolut ion  m atching well requirem ent  of 7 µm  for CLIC t racker ( t .b.c. with fully in tegrated chip ). 

p . 6 /  12

X residual [mm]
-0.04 -0.02 0 0.02 0.04

A
rb

it
ra

ry
 u

n
it
s

0

0.02

0.04

0.06

0.08

CLICdp
work in 

progress

Gauss fit

μ ~ 1.3 

μ ~ 1.5

σ ~ 5 μm 

σ ~ 6 μm 

         xDUT - xTrack [mm]

         xDUT - xTrack [mm]

• Mechanical integration and cooling concept studies

• Maintain efficiency and good timing, despite large pixel 

area

• Several technologies are being evaluated

17

HR-CMOSSOI

Work in progress



CLIC calorimeters

Energy Resolution for central  high
energy photons

18

ECAL Optimization: 
40 layers uniform fine sampling silicon-tungsten plates
(1.9 mm W, 5x5 mm2 silicon cells)
22 X0 ( 1 li ) total thickness



CLIC calorimeters

HCAL Optimization: 
60 Steel (19 mm) + Scintillator plates
7.5 li total thickness

19



CLIC calorimeters

Ri = 250 mm
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Physics performance for different HCAL EC radii

March 8, 2017 CLICdp status and plans

Optimization of CLIC detector model
CLICdet design based on optimization studies, e.g.:

• Forward HCAL inner radius

• Large impact on jet reconstruction 

à Ri reduced from 500 mm to 250 mm, 

implies that QD0 had to move outside detector, 

longer L* of 6 m à reduced luminosity

• ECAL depth and segmentation

à 40 layers, 22 X0 needed for good photon resol.

• Tracker radius and B-field

• Trade-off between coil radius and B-field

à tracker radius 1.5 m and B=4 T

11

Tracker performance for different radii and B-fields

100 GeV
photons

ECAL photon resolution

Advantage of better forward coverage
(QD0 outside the detector región) 

20



CLIC calorimeters

Possible high occupancy in the inner regions of HCAL endcap to 
be studied smaller sensor cell sizes and shielding

ILD studies

Small cell size to improve energy resolution and to minimize confusion

21



CLIC forward calorimeters

Ri = 250 mm

Luminosity measurement, from
Bhabha scattering events ( per 
mille accuracy) 

Monitoring of collisions, very forward 
electron tagging, down to 10 mrad, 
radiation hardness (up to 1MGy/year)

22



CLIC forward calorimeters

BeamCal reconstruction efficiency LumiCal energy resolution

23

(Diamond for simulation. Hardware R&D is testing GaAs (presently the baseline option), Sapphire and Silicon)

(Both plots are for the 3 TeV case. Software reconstruction to be retuned for CLIC at lower energies)

(a = 0,22, constant term negligible)



CLIC strategy
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Thanks a lot

Special thanks to the CLICdp speaker committee (Igor Boiko, Eva  Sicking and 
Naomi Van der Kolk) and Dominik Dannheim, Konrad Elsener, Lucie Linssen, 
Andreas Matthias Nurnberg, Aidan Robson, Andre Sailer, Lars Rickard Strom
and Rosa Simoniello for providing me with many of the contents of this talk
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Announcements:

Workshop on “Physics at CLIC”, July 17+18 at CERN https://indico.cern.ch/event/632228/

Organised by the "CLIC physics potential" working group (mostly theorists). 

CLICdp 2-day meeting, August 29+30 at CERN https://indico.cern.ch/event/633975/

https://indico.cern.ch/event/632228/
https://indico.cern.ch/event/633975/


BACKUP

26



CLIC Higgs physics overview
arXiv:1608.07358, accepted by EJPC

Model-independent, recoil-mass measurement


sZH ∝g2

HZZ
combining

350 GeV

Above 1 TeV
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CLIC top physics overview

Threshold scan

Dmt ~ 50 MeV

(observe 1S ‘bound state’ ) 

EPJ C (2015) 75:512

• Mass measurement through tt threshold
scan

• Mass measurement through
reconstruction

• EW Couplings
• Yukawa coupling to H
g and Z form factors through Afb

• …. 28



CLIC BSM physics overview

New particle direct search up to M < √s/2

Rare FCNC top decays   tcH, tcg

End points production

Separation using Di-jet invariant  masses

Z’ via indirect measurements

29
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