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CLICdp collaboration
CLICdp Organisation ﬂb

CLIC detector and physics study

CLICdp Institute Board

Publication Committee k
Speakers Commitiee

CLICdp Working Groups (WG)

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



CLIC environment &!b
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CLIC environment

Background suppression

* Energy losses at IP
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CLIC physics conditions
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CLIC physics program &!b
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CLIC physics program
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CLIC detector requirements

High precision, low occupancy,
large acceptance:

o(p7)/pL2 ~ 2x10-5 GeV-1 (> 100 GeV) Good single point resolution,

* Momentum Resolution ultralight vertex detector,
* Impact parameter resolution === 0,4~ SE15/(p[GeV]sin®?6) um === |arge and low material budget
* Precise timing (1-10 ns) . o(E)/(E) ~ 0.4 - 4 % for E,~1500-10 GeV tracker, high B field, highly
* Photon and Jet energy resolution V() — 3506 for B >100Gey granular calorimeters, large
. ~ >
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L — CLICdet

Return Yoke + muon ID

4T solenoid

Ultra light +
Fine grained calorimeters

Forward EM calorimeters

12.8 m

Final focusing (QDO0)
outside the detector

Detector optimised for
3 TeV

CLICdp Note-2017-001
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CLIC vertex detector

e ~25x25 um:? pixel size = single point resolution 3 um

* 0.2% Xo material per layer (incl. 0.11% for silicon)
* Air (dry) cooling strategy (spiral geometry)

Double layers (3+3)
Precise timing (~10 ns)

dijet events at {s=500 GeV, 8=90°
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CLIC vertex detector

CLICpix with 50um sensor CLICpix2

Broad R&D program on sensors, readout,
powering, cooling and integration

gy nmwmm
IR
I

Several technologies for sensors are being
probed, with thickness of 50-300 um

Bump-bonded to
First prototypes of CLICpix readout ASIC, planar sensor

Implemented in 65 nm CMOS technology have
been produced and tested in particle beams

Capacitively coupled assembly

A first production of a new, larger active matrix,
Improved noise isolation, CLICpix2 is currently
being tested

Capacitively coupled to active sensor (HV-CMOQOS)
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Occupancy / train

All-silicon CLIC tracker
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CLIC tracker

=1% X, per layer
Liquid cooling

w
o
I
[

* Support Structure Inner disks i i

25_—I IR L IVlertele;rreI .

- Vertex Disks

— Inner Tracker Barrel ]

= |nner Tracker Disks

500 GeV muons Outer Tracker Barrel

=~ Outer Tracker Disks ™|
— Total

N
o

Nhits

Material [%X,]

[
o




x[m]

1.5 -

CLIC tracker

0.5 1

Olélll |

0 0.5 1

1.5 2

~ Pixelated: 25 um x 25 um z[m]

(1-1.5)%X, per layer

Single point resolution of 7um
=> r¢ -pitch of ~50 um (t.b.d.)

o(p7)/ps? ~ 2x10~° GeV-1

-

o3 um

B Single p, 8 =90°  "7M |

; 210 pm ;

1 10 10 10°
p [GeV]

15




CLIC tracker

o(p7)/ps? ~ 2x10~° GeV-1
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CLICdet tracker support prototype

CLIC tracker technology R&D

« Mechanical integration and cooling concept studies

« Maintain efficiency and good timing, despite large pixel

( area
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CLIC calorimeters

Energy Resolution for central high
energy photons
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CLIC calorimeters

cos0=<0.7

[ % Z— uds

, jet energy: _

A 455 GeV

100 GeV

250 GeV i
500 GeV -
1 TeV 1
1.5 TeV

r @ *x o <«

1 1 1 1 1 1 l
4 6 8 10

Number of A's in CLIC HCAL

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

F 1 B I 1 1 1 I I I I I_
O o5 [& =Y ¥
© 25 - \,e ---o--- Fe, 60 BX overlay ﬂ/"""ﬁ A
— [ . --a-- W,60BXoverlay ... .
g 20 B A St A
@) i "
N [ ]
%15 = r
10F =
5F -

O N | 1-

e lswealsewilevoepls ssmls
100 200 300 400 500

Typical Jet Energies [GeV]

19



CLIC calorimeters
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CLIC calorimeters

ILD studies
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Small cell size to improve energy resolution and to minimize confusion

Possible high occupancy in the inner regions of HCAL endcap to

be studied = smaller sensor cell sizes and shielding
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CLIC forward calorimeters

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

Kicker on incoming beam

)
Dort
&, be

FCAL e- shower depth profile

YOKE
ENDCAP

N, T
" FCAL = data
5 GeV e lmc

BPM on outgoing beam

HCAL :
ENDCAP

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

Mean charge deposite [mip]

layer
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CLIC forward calorimeters

Niayers  diayer IMm]  Absorber daps [Mmm] Active dact [mm]
LumiCal 40 4.27 Tungsten 3.5 Silicon 0.32
BeamCal 40 4.00 Tungsten 3.5 Diamond 0.30

(Diamond for simulation. Hardware R&D is testing GaAs (presently the baseline option), Sapphire and Silicon)
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VAN wl 3
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08l <4, ©0.06F  mSelected Angles .
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[ —e— clustering, pregen bg 0.02 =
4 —a— shower fit, pregen bg
0.2~ 3 —o— clustering, gausian bg "

—— shower fit, gausian bg

B ] L L ] | ] L L P | ! ] ! L |
oLl bl | gnadacnadaonned 111 0 500 1000 1500
5 10 15 20 25 30 354045 %0 E, [GeV]
8, [mrad]
BeamCal reconstruction efficiency LumiCal energy resolution (a= 0,22, constant term negligible)

(Both plots are for the 3 TeV case. Software reconstruction to be retuned for CLIC at lower energies) 23



CLIC strategy

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, FCC)

2020 - 2025 Preparation Phase

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

2025 Construction Start

Ready for construction;
start of excavations

Q Compact Linear Collider

a1l

2035 First Beams

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

24



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/

Thanks a lot

Special thanks to the CLICdp speaker committee (lgor 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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CLIC Higgs physics overview

arXiv:1608.07358, accepted by EJPC 350 GeV
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CLIC top physics overview
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CLIC BSM physics overview
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Concept CLICdet CLIC ILD CLIC _SiD
Vertex inner radius [mm] 31 31 27
Tracker technology Silicon  TPC/Silicon  Silicon
Tracker half length [m] 2.2 2.3 1.5
Tracker outer radius [m] 1.5 1.8 1.3
ECAL absorber W W W
ECAL Xj 22 23 23
ECAL barrel ry, [m] 1.5 1.8 1.3
ECAL barrel Ar [mm] 202 172 139
ECAL endcap zpip [m] 2.31 2.45 1.66
ECAL endcap Az [mm)] 202 172 139
HCAL absorber barrel / endcap Fe / Fe W/ Fe W/ Fe
HCAL A4 1.5 7.5 7.5
HCAL barrel ry, [m] 1.74 2.06 1.45
HCAL barrel Ar [mm] 1590 1238 1177
HCAL endcap zyin [m] 2.45 2.65 1.80
HCAL endcap Az [mm] 1590 1590 1595
Solenoid field [T] 4 4 5
Solenoid bore radius [m] 3.5 34 2.7
Solenoid length [m] 8.3 8.3 6.5
Overall height [m] 12.9 14.0 14.0
Overall length [m] 11.4 12.8 12.8
Overall weight [t] 8100 10800 12500
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Subdetector Sensor area [m?] Cell size [mm?] Number of channels [10°]
VTX barrel 0.487 0.025x0.025 780
VTX spirals 0.351 0.025x0.025 560
Inner Tracker Disk ITDI 0.63 0.05x0.05 250
Inner Tracker Disk ITD2 1.13 0.05x1 23
Inner Tracker Disk ITD3 1.10 0.05x1 22
Inner Tracker Disk ITD4 1.03 0.05x1 21
Inner Tracker Disk ITD5 0.98 0.05x1 20
Inner Tracker Disk ITD6 0.94 0.05x1 19
Inner Tracker Disk ITD7 0.91 0.05x1 18
Outer Tracker Disk OTD]1 6.96 0.05x10 13.9
Outer Tracker Disk OTD2 6.96 0.05x10 13.9
Outer Tracker Disk OTD3 6.96 0.05x10 13.9
Outer Tracker Disk OTD4 6.96 0.05x10 13.9
Inner Tracker Barrel ITB1 0.79 0.05x1 16
Inner Tracker Barrel ITB2 2.20 0.05x1 14
Inner Tracker Barrel ITB3 5.22 0.05 x5 21
Outer Tracker Barrel OTB1 14.30 0.05x10 29
Outer Tracker Barrel OTB2 20.32 0.05x10 41
Outer Tracker Barrel OTB3 26.04 0.05x10 52
ECAL barrel 1808 5x5 72
ECAL endcaps (incl. ECAL plugs) 726 5x%35 29
HCAL barrel 4346 3030 4.8
HCAL endcaps 4041 3030 4.5
HCAL rings 340 3030 0.4
MUON barrel 1052 3030 1.2
MUON endcaps 1547 3030 1.7
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