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Recent CLIC overview documents @)

Covering: Accelerator
Detector
Physics
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The Compact Linear Collider (CLIC)

THE COMPACT LiNkAR COLLIDER (CLIC) Project Implementation Plan

LinkAk Co
2018 SUMARY RipoiT

. _ Links: http://clic.cern/european-
CERN-2018-005-M CERN-2018-009-M CERN-2018-010-M in collaboration

http://dx.doi.org/10.23731/CYRM-2018-002 htp://dx.doi.org/10.23731/CYRM-2018-003 hitp://dx.doi.org/10.23731/CYRM-2018-004 review S t r at S ;l 2

CLIC input to the European Strategy for Particle Physics Update 2018-2020

@9 QIB Formal European Strategy submissions
The Compect Lisen e~ Colder (CLICK i ol L 4 CHH LI « The Compact Linear e+e- Collider (CLIC): Accelerator and Detector (arXiv:1812.07987)

: " « The Compact Linear e+e- Collider (CLIC): Physics Potential (arXiv:1812.07986)
Yellow Reports

o CLIC 2018 Summary Report (CERN-2018-005-M, arXiv:1812.06018)

o CLIC Project Implementation Plan (CERN-2018-010-M, arXiv:1903.08655)

» The CLIC potential for new physics (CERN-2018-009-M, arXiv:1812.02093)

« Detector technologies for CLIC [In collaboration review]

Journal publications
« Top-quark physics at the CLIC electron-positron linear collider [In journal review] (arXiv:1807.02441)

LI accelerator collaboration « Higgs physics at the CLIC electron-positron linear collider (Journal, arXiv:1608.07538)

= Projections based on the analyses from this paper scaled to the latest assumptions on integrated luminosities can be found here: CDS, arXiv.
LLILdp collab. (detbphys) s ot

« Updated CLIC luminosity staging baseline and Higgs coupling prospects (CERN Document Server, arXiv:1812.01644)
C I | C C er n o CLICdet: The post-CDR CLIC detector model (CERN Document Server)

« A detector for CLIC: main parameters and performance (CERN Document Server, arXiv:1812.07337)
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http://clic.cern/european-strategy
http://clic.cern/

&!b CLIC physics and staged operation @

Linear e*e” collider, staging scenario motivated by maximum physics output

380 GeV (350 GeV):  precision Higgs and top physics
laTeV: B3M searches, precision Higgs, ttH, HH, top physics
3 TeV: BSM searches, precision Higgs, HH, top physics

BSM searches: direct (up to ~1.5 TeV), indirect (>> TeV scales)
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Coherent approach for CERN future colliders (running times, luminosity performance)
1.2x107 seclyear arXiv:1810.13022, Bordry et al.
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https://arxiv.org/abs/1810.13022

CLIC complex, 380 GeV

Klystrons
472 units, 20 MW, 48 pus

DRIVE BEAM
COMPLEX

Delay Loop
73m

2.0 km

Drive Beam Accelerator

1.91 GeV, 1.0 GHz
@95 m

Decelerators, 4 sectors

\. Time Delay Line ’
B BDS | BDs '”” ) ””!

Decelerator, each 878 m

BC2
1 2.2 km —
e” Main Linac, 190 GeV, 12 GHz, 72 MV/m, 3.5 km e*Main Linac, 190 GeV, 12 GHz, 72 MV/m, 3.5 km
TA
300 m ~ 11.4 km ; - #3000 m
Spin Rotator Boogtgl:eblnac
CAPTION
389 m Pre-Injector Primary e” Linac CR : Combiner ring
e*Linac for e* production TA : Turnaround
MAIN BEAM ‘ 0.2 GeV 5 GeV DR : Damping ring
Target Gun BC : Bunch compressor
BDS : Beam delivery system
- = IP : Interaction point
@ : Dump
Spin Rotator Injector Linac Pre-Injector DC Gun
2.86 GeV e”Linac
0.2 GeV
380 GeV

26 Mar 2019 FCAL meeting, Lucie Linssen



Klystrons
588 units, 20 MW, 148 us

DRIVE BEAM
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73 m
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Decelerators, 25 sectors <

CLIC complex, 3 TeV
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&ID overview of CLIC parameters @

Parameter Symbol  Unit Stage 1 Stage2  Stage 3
Centre-of-mass energy VL GeV 380 1500 3000
Repetition frequency Jrep Hz 50 50 50
Number of bunches per train n, 352 312 312
Bunch separation At ns 0.5 0.5 0.5
Pulse length TRE ns 244 244 244
Accelerating gradient G MV/m 72 72/100 72/100
Total luminosity A 10**ecm™s™! 1.5 3.7 59
Luminosity above 99% of /s 201 10**ecm™s™ 0.9 1.4 2
Total integrated luminosity per year %, fo! 180 444 708
Main linac tunnel length km 11.4 29.0 50.1
Number of particles per bunch N 10° 5.2 3.7 3.7
Bunch length o, pum 70 44 44
[P beam size 0,/0, nm 149/2.9 ~60/1.5 ~ 40/1

| Normalised emittance (end of linac) €,/ g, nm 900/20 660/20 660/20

=| Final RMS energy spread % 0.35 0.35 0.35

E Crossing angle (at IP) mrad 16.5 20 20
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https://arxiv.org/abs/1812.06018

&!b e*e” luminosity performances @

—_— : : : . : I : . : IMarcl:h20l1$_3
P —— CLIC
3 a0+ |LC lumi-up
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http://dx.doi.org/10.23731/CYRM-2018-004
https://arxiv.org/pdf/1903.01629.pdf
https://cds.cern.ch/record/2651299/files/CERN-ACC-2018-0057.pdf
http://cepc.ihep.ac.cn/CEPC_Accelerator_Addendum/5304_CEPC_European_strategy_accelerator-v9Submit_version.pdf

readiness of CLIC technology

Many simulations, large diversity of hardware tests, system tests at many labs...
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2-beam acceleration module in CTF3 K

E.g. CTF3 successfully demonstrated:
v" drive beam generation
v" RF power extraction

v" two-beam acceleration up to a gradient of 145

MeV/m

arXiv:1303.0860a arXiv:1812.06018

26 Mar 2019
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https://arxiv.org/abs/1812.06018
https://arxiv.org/abs/1903.08655

QP accelerator technologies / system tests L_

arXiv:1812.06018

arXiv:1903.08653

AL \xl W) mm

Accelerator technologies, e.g.: \ X ‘|\ m

Accelerating structures

RF power generation and power distribution
Stability and alignment

Beam instrumentation

Vacuum

Magnets

R 4
Two-beam module string used for alignment, thermomechanical
stability and vacuum tests

tunable permanent magnet quadrupole 3D-printed RF load variable power splitter
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https://arxiv.org/abs/1812.06018
https://arxiv.org/abs/1903.08655

X-band and high-gradient technology

Significant increase in test infrastructures at GERN
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civil engineering and infrastructure

dIFVER 0T B 7 /’.%f /|

Compact Linear Collider (CLIC) ﬁ;({ e

# B 380 GeV - 11.4 km (CLIC380)
= I 1.5 TeV - 29.0 km (CLIC1500)

Detailed recent updates on: 3 :
- . . . [ 3.0TeV-50.1km (CLIC3000) &

« Civil engineering N i)

« Electrical systems oy 7/ oy

 Cooling and ventilation 4 4

« Transport, logistics and installation = ‘ '

« Safety, access and radiation protection

systems

Crucial for cost/power/schedule
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arXiv:1812.06013
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https://arxiv.org/abs/1812.06018

¢ Compact Linear Collider (CLIC)
B 380 GeV - 11.4 km (CLIC380)
B Drive/main beam injector
B LHC - existing infrastructure

arXiv:1812.06018
26 Mar 2019

civil engineering

Main 380 GeV surface infrastructures

fit on CERN-owned land
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https://arxiv.org/abs/1812.06018

power

B Main-beam injectors - C 7 | LI BRI T
Main-beam damping rings © 3L 0.38 TeV 1.5 TeV
Main-beam booster and transport g B
Drive-beam injectors — B i
I Drive-beam frequency multiplication and transport ()] N 4
I Two-beam acceleration Q B 4
Interaction region Fo—" | _
O Infrastructuregand sgrvices é 2 N 4
Controls and operations b : :
> N 4
2 1r 7
i) O ]
w | ]
0-....|.......|..|.,,|-
0 5 10 15 20 25
Collision energy [GeV] Running [MW] Standby [MW] Off [MW] Year
380 168 25 9
1500 364 38 13
3000 589 46 17

Power estimate studied bottom up (focus on 380 GeV case)
« Large reductions since CDR: better estimates of nominal settings, optimised
drive-beam complex, more efficient klystrons, optimized injectors, etc

Further savings possible
1.5 TeV and 3 TeV power not yet optimized => will be done next arXiviI812.0B0I8
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https://arxiv.org/abs/1812.06018

cost estimate

Accelerator cost (incl. infrastructures)

6000 - =i +1470
CLIC 380 GeV drive-beam based : 5830 7o MCHF
LL m Main-Beam Production
5 4000 - m Drive-Beam Production
= Main Linac Modules For upgrade to 1.5 TeV — add ~al00 MCHF
m Beam Delivery, Post Collision Lines
w Civil Engineering For upgrade to 3 TeV — add another ~7300 MCHF
Infrastructure and Services
2000 Machine Control, Protection
and Safety systems
N

380 GeV Drive-beam

System Cost fraction Cost[MCHF]

Vertex 13
Silicon Tracker 43
. Electromagnetic Calorimeter 180
Cost of the experiment Hadronic Calorimeter 39
Muon System 16
Coil and Yoke 95
Other 11
0 10% 20% 30% 40% 50%
Total 397

arXiv:|812.06018
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https://arxiv.org/abs/1812.06018

QP CLIC technology applications

Collaboration with many facilities One example: SwissFEL

Photon sources, medical applications o |04 C-band structures, 0.7 GHz, 2 m long
Lots of experience being built up o Beamupto b GeV at 100 Hz

See academic traiming W Weensch * Similar um-level tolerances
https://indico.cern.ch/event/B68lal/ * length < 800 CLIC structures
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https://indico.cern.ch/event/668151/

&!b CLIC experimental conditions

Parameter 380 GeV | 1.5 TeV 3 TeV
Luminosity L (10%*cm?sec™) 1.5 3.7 5.9

L above 99% of Vs (10%4cm2sec?) 0.9 1.4 2.0
Repetition frequency (Hz) 50 50 50
Bunch separation (ns) 0.5 0.5 0.5
Number of bunches per train 352 312 312
Beam size at IP o,/0, (nm) 149/2.9 ~60/1.5 ~40/1
Beam size at IP o, (um) 70 44 44

Crossing angle ~20 mrad, electron polarization +80%

2l

Drives timing

> requirements
for CLIC detector

:>. Very small beam

Very low duty cycle
allows for:
Triggerless readout
Power pulsing

CLIC -

1 train = 312 bunches, 0.5 ns apart

- not to scale -

26 Mar 2019
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CLIC detector @

Since CDR - fully optimised detector

Fulfils requirements of:
* physics
« experimental conditions

arXiv:1812.07337

12.8 m

Solenoidal Magnet

Fine-grained
Calorimeters

Main Tracking
Detector

Forward
Region

Return Yoke

with Muon ID detectors

Vertex Detector

11.4M™

F-field=4T
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https://arxiv.org/abs/1812.07337

forward region and MDI

Last focusing elements in accelerator tunnel, L*=6 m. Detector
kept short along beam line. Service cavern (left), experimental cavern (right)

Support tube ECAL

BPM on outgoing beam

Forward detector region comprising beam feedback system and
forward calorimeters:

o LumiCal (39 > 0 >34 mrad)
o BeamCal (I0> 6 > 46 mrad)

BeamCal

< FLAL collaboration

Luminosity measurement down to /ew(.1%
Forward coverage for electrons/photons
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https://arxiv.org/abs/1812.07337
https://arxiv.org/abs/1812.06018

arXiv:I812.07337
arXiv:|812.06018

Source: draft detector R&D report
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beamstrahlung 380 GeV / 3 TeV
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https://arxiv.org/abs/1812.07337
https://arxiv.org/abs/1812.06018

@b occupancies in BeamCal and LumiCal @

3g0 GeV 3 TeV

CLICdp 3 TeV, BeamCal

CLICdp 380 GeV, BeamCal

—_
)]

5 15 = o -
& ' d g &
© Ei T f Ei
© O L
& 10 S 10 2
L 1072 | 1072
BeamCal j S : S
5+ o 51 T
) o [ o
[ 1072 1072
Ok ok . Occupancies per pad
3 1020 30 40 10 20 30 40 Incoherent pairs only
= ayer ayer (averaged over all pads
= with same radius)
% - CLICdp 380GeV, LumiCal — - CLICdp 3 TeV, LumiCal —
® $ 60 s 60 &S
[ 10— o 10—
i) > 0T >
& 40 5 40 S
1029 1029
LumiCal § g
20 1073 20 1073
o o
107 10
0 0
10 20 30 40 10 20 30 40

Layer Layer

26 Mar 2019 FCAL meeting, Lucie Linssen


https://arxiv.org/abs/1812.07337

@

Vertex detector

vertex and tracking detectors

Requirements:
low mass: 0.2%X; per layer
low power: 0 mW/cm? for air cooling
single point resolution: 8 pm
hit time resolution: ~3 ns

Implementation and R&D:
silicon-based (pixels, hybrid or monalithic)
3 double layers
spiraling petals to facilitate air cooling
power pulsing

m

Tracker

4.4m

power pulsing

26 Mar 2019

Requirements:
low mass: I-2%X; per layer
single point resolution: 7 um
hit time resolution: ~2 ns

Implementation and R&D:
silicon-based (pixels, monolithic)

water cooling (below atm. pressure)

FCAL meeting, Lucie Linssen
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CLIC silicon vertex/tracker R&D

Sensor + readout technologies

Sensor + readout technology Currently considered for

Bump-bonded Hybrid planar sensors Vertex

/

Capacitively coupled HV-CMOS sensors Vertex
Monolithic HV-CMOS sensors Tracker
Monolithic HR-CMOS sensor Tracker

Monolithic SOI sensors Vertex, Tracker TTmepid  Cracow $OIDUT SIPDeCLICE2 Lol

§ cracowsol
D). =Q 1 ':6

Detector integration

Light-weight supports ~ Detector |
Capsgem=a_y  assembly

VCI2019 talk

~|0 CLICdp institutes are participating
Cooperation with Medipix/Timepix, LHCb, ATLAS, ALICE, Mude, AIDAZ0Z0
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https://indico.cern.ch/event/716539/contributions/3246030/

QP calorimetry

Electromagnetic calorimeter: Silicon - tungsten
2 mm tungsten plates, 900 um silicon sensors
40 layers, 22 Xy or | A, 5 mm? cells

~2900 m? silicon, 100 million channels

Hadronic calorimeter: Scintillator - steel

[ mm steel plates, 3 mm plastic scintillators + SiPM
BO layers. 7.0 A, 30 <30 mm? cells
~3000 m? scintillator, 10 million channels

I

Developed by CALICE collaboration
lechnology choices similar to CMS HGLal upgrade project

26 Mar 2019 FCAL meeting, Lucie Linssen



CMS HGCal + CALICE beam test @)

|veto scmtlllator

28 layers GE-E CMS silicon
¥ 17 layers CE-H CMA silicon
JeOLICE 38 layers AHCAL CALICE

scintillator

DCS (environment g
control)

Dresden Terascale detector talk

Oct 2018
250 GeV
----- SRALY
— i 44

= CE-H-Si NN CALICE
AHCAL

~1 cm? silicon pads scintillator pads
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https://indico.desy.de/indico/event/21211/session/2/contribution/14

éan tracking performance &)

Detector description (/7 J04fep), detector simulation (/7 Geant4) and reconstruction implemented in iLCSoft
framework

Tracking based on conformal tracking and Kalman-filter based fit

CLICdp cLICdp 10 CLICdp
= e ummamin B SIS s s s B R e Ao e SRR B RaE R
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Track momentum resolution for single Tracking efficiency within light quark jets Tracking efficiency for displaced
particles With and without background tracks
2x10- dp;/p’ achieved far high- (min 4 hits required)
momentum tracks

arXiv:1812.07337
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https://arxiv.org/abs/1812.07337

én PFA, jet energy reconstruction &)

PandoraPFA particle flow analysis used for jet energy reconstruction and particle [D.
Combined with jet clustering optimized for e*e- (VLC Valencia algorithm)

* Jet energy resolution from /™ — qq, compare reconstruction with M truth
— [bjective of 3.0-a% jet energy resolution achieved for high-E jets in most of angular range
— |mpact from 3 TeV backgrounds largest for low-enerqy jets, resolution B-8%

« W/[ mass separation in Z-jet events: 2o separation with VLE7 jets, including 3 TeV bkg

CLICdp CLICdp CLICdp
3'—9' 10 L L | | i ’3_2' 1 4 [~~~ 1 T rrTrTTT T T T T T ] D T T T T T T T T ¥ T T T
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arXiv:1812.07337
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https://arxiv.org/abs/1812.07337

flavour tagging performance @)

LCFlplus package used for flavour tagging

Studied in a0 GeV di-jet events, with and without yyy — hadrans background (3TeV equivalent)

1 CLICdp 1 CLICdp
- = il L S I R R 1'1' . ... =
ua:) - Di-jet events, = soo GeV 20° < e < 90° 5 ang = D' let events, = 500 GeV, 20" <8< 90° i
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O i i e,
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https://arxiv.org/abs/1812.07337

physics at CLIC &)

ngg ’ | Measurement of SM particles with high precision:
SMEFT fiaour- Chaﬂ@”%@i“ji-”i‘if in particular Higgs boson and top quark

rI—L\I"

O CLICS /bar nesl,,
‘ ‘CLIC. qarCh ‘)C' )@g BSM sensitivity through:
9wy miyy
— probing SM Effective Field Theories with

unprecedented precision

— direct and indirect BSM searches that significantly
extend reach of HL-LHC, including new particles in

0 < challenging non-standard signatures

= Pl /\[ o

In next slides: a few examples from “CLIC potential for new physics” arXiv:|812.02053
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https://arxiv.org/abs/1812.02093

én Higgs coupling sensitivity &)

Full Geant4 simulation/reconstruction Each energy stage contributes significantly
(including beam backgrounds) at all 3 stages Mo mber 2018
— global fit including correlations s 12
! CLICdp
Precision <1% for most couplings o ;
; . model independent -
Very large improvements to ¢/b/W/Z couplings 2 no assumptions on additional Higgs
with respect to HL-LHC, even after 380 GeV stage -3 » decays — unique to lepton colliders
I}, is extracted with 4.7 — 2.5% precision o
S %l
e [ T T T3 = D N B R T i R .
2 i Hv Ve 1 3
P10 E E
o f i
3 = .
RCYS E
3 3
i 350 GeV, 1ab’” ]
o' L i +1.4TeV,25ab™
: ] +3TeV,5ab”
i ] 0.8
102 U Based on Eur. Phys. J. C 77 475 (2017)
0 3000

updated to new luminosity scenario
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https://doi.org/10.1140/epjc/s10052-017-4968-5

Higgs self-coupling requires high energy

Higgs self-coupling

2l

CLIC double Higgs and Higgs self-coupling programme:

dominates H 1.4TeV 3TeV .
at higher Vs - 3.6c > bo for L > 1100fb
H o(HHv.V,) | &5 =28% Ao —73%
e+ - OHHH OBSERVATION
e_
V4 \% o(ZHH) 590
H OBSERVATION
1.4 TeV: 1.4 & 3TeV:
e / H SM 240 0 20 0
OHHH 8HHH/8HuH | -34 %, +36 % 7%, +11%
- rate only analysis | differential analysis
complementary
at1.5TeV
CLICdp 3TeV L=5000/fb 4:1 pol. scheme .ev—> aaHv
§1000 0 OIS IBDT' 0I09 '-0 OIQ IBDT' 0I13 '-0 1I3 II3DT' 0I25-'
> . < < U. U, < <UuU. | U. < < U. _ H 1 H .
2 a0 3 3 ] . &y - vaqqq Template_ fit at 3_Te\/_ using two variables:
- - 1 M(HH) differential distribution and BDT score
600 - - . ee — qqaq
K ] [ | Gives unrivalled sensitivity
400 — - ee — qqqqglv . .
K . to Higgs self-coupling:
200 - > . ee — qqqqvv
A / — +11%
. S [ S[NNRAS [STRTE 20
60 bsoQ 6\0 »\‘30 QQ <:)Q b?_)Q 6\9 ’\qDQ 00 ‘30 0 6\ ,\69 00 - 0

o&@&@oﬁ@&@oﬁﬁwé
M(HH)[GeV]

ee -HHvV

arXiv:1301.00837
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https://arxiv.org/abs/1901.05897

&!b top quark physics at CLIC

o) . C _| T T T T T
o [ tt threshold - QQbar_Threshold NNNLO

—0.6 — ISR + CLIC LS Nominal
=Y PS
— default - m;” 171.5 GeV, I', 1.37 GeV

IT m, variations = 0.2 GeV
2 05 T, variations = 0.15 GeV
L

©0.4

[ simulated data points
100 fb™' total

e'e” — tt — WhWh

I[IlIIIIIIIIIIIIIIIII[I]I[
I|IIII|IIII|IIII

CLICdp
| | | | T

340 345 350 i il 7 L\
/s [GeV] e

Top mass from threshold scan around 350 e'e” — tt at all CLIG energies

GeV (100 b) — complementarity
observe IS ‘bound « couplingto Zandy
state’, Az, ~ all-Ta MeV * forward-backward asymmetry

 EFT interpretation

also:
 FCNC top decays First e*e- study of boosted top production, using jet
o ttH incl. CP analysis substructure in reconstruction

arXiv:|B07.0244]
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https://arxiv.org/abs/1807.02441

effective field theory (EFT) &)

Standard Model

Include CLIC Higgs, top, WW, and ete—>ff

C.
LaVEFT :@+ E @JZ@ measurements in global fit to constrain

Dimension-6 dimension-6 EFT operators

- t | . ,
Scale of new decoupled physics  OPETAiors Strongly benefits from high-energy running

precision reach of the Universal EFT fit January 2019
10? = HL- LHC (3/ab, S1) + LEP/SLD light shade: CLIC + LEP/SLD E
= |l HL- LHC (3/ab, S2) + LEP/SLD solid shade: combined with HL- LHC(S2) .
" | CLIC Stage 1 blue line: individual reach ’
I CLIC Stage 1+2 yellow mark: additional result
10—l cLIC Stage 1+2+3 =
C}'l_' E Smaller value corresponds E
> to higher scale A probed
E F :
L - i
— 107'¢ -
&) - -
i 2§ l _E
10°°
ChH Cww CBB CHB Cggx10  Cy, 03 w  Cws Cr C W"102 Co B"102 Ce
: benefits from
arXiv{817. 07093 effects on several parameters grow with energy et
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https://arxiv.org/abs/1812.02093

time line

: 7 years . 27 years -
380GeV Bision 1.5TeV - 3TeV
- Construction - Construction 3 - Construction
 Installation 2 ping - Installation 2 i - Installation g
§ ! §
380 GeV Physics 1.5 TeV Physics 3 TeV Physics
0 2 2 6 ' 8 10 12 14 16 18 20 22 ' 24 ' 26 28 30 32 34

Technology-driven schedule, from start of construction.

Atter an /i princjple go ahead min. 3 years are needed before construction can start.

=> First beams could be available by 2033

FCAL meeting, Lucie Linssen
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Mggs Vsr (@)
20y, SMEFT flavourchang

Vo N

CLIC is a very attractive post-LHC facility for CERN
Unprecedented, diverse and guaranteed physics reach
thanks to lepton collider precision AND multi-TeV collisions
Demaonstrated accelerator technologies
Feasible timescale
CLIC staging brings cost staging, and accompanying affordability
( cost of CLIC 380 GeV + 1.5 TeV < cost of FCC-ee )

Linear tunnel provides a natural infrastructure for future, beyond CLIC

26 Mar 2019 FCAL meeting, Lucie Linssen



® THANK YOU | 2

ete" 9 Hvv > bbvwv
CLIC 1.4 TeV

H - bb (58% BR): selection efficiency ~40% (1.4 TeV), ~a0% (380 GeV)
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CLIC complex, 380 GeV

I I I 472 klystrons, 20 MW, 48 ps

drive beam accelerator Drive beam complex

1.91 GeV, 1.0 GHz

—

A

2.0 km
CR2
@140 m

delay loop 73 m

decelerators, each 878 m

decelerators, 4 sectors D95 m

time delay line

A
(cx)
BDS BDS

BC2 > « — BC2
_ . . . m + . .
e~ main linac, 12 GHz, 72 MV/m IP e™ main linac, 3.5 km TA radius 300 m

TA
N[ >
Main linac length 11.4 km

A

booster linac

CR  combiner ring 2.86 10 9 GeV Main beam complex
TA  turnaround

DR damping ring

PDR predamping ring

BC bunch compressor
BDS beam delivery system

BC1

IP  interaction point e~ injector et injector
M dump 2.86 GeV 2.86 GeV 380 GeV
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CLIC complex, 3 TeV

I I I 588 klystrnns, 20 MW, 148 Ms l I I
drive beam accelerator Drive beam complex

2.4 GeV, 1.0 GHz drive beam accelerator

A
Y

2.5 km

delay loop » 4 delay loop 73 m

decelerators, 25 sectors @95m  decelerators, each 878 m

BC2 iiiiis iiii!} BDS 3 E BDS é!iiii Eiiiii BC2
\\ 3.1 km //
- . - * + H H
™ e~ main linac, 12 GHz, 72/100 MV/m IP e™ main linac, 22 km TA radius 300 m

\ [ >
Main linac length 50.1 km

-
-«

booster linac

. . L
CR  combiner ring 2.86 to 9 GeV Main beam complex
TA  turnaround
DR damping ring
PDR predamping ring
BC bunch compressor
BDS beam delivery system

BC1

IP  interaction point e injector e* injector
[ dump 2.86 GeV 2.86 GeV 3 Tev
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G!b beam-induced backgrounds at CLIC @

Beam-beam background at IP:
= Small beams => very high E-fields

ANV
@ <«—> ¢ Beamstrahlung
s Simplified picture:
aﬁiﬁtﬁ”@ ¢+ Pair-background —> Design issue (small cell sizes)
*High occupancies
Y/ q Impacts on the physics
___—> +yyto hadrons > Needs suppression in data
. _ +Energy deposits
Y/ q
& foucdp | 380Gev = *
S 10-1F - ee T
Beamstrahlung & important energy losses ﬁg d “ ‘é-ey -
right at the interaction point —102L ~
Most physics processes are studied well above §,1 0_3; b
production threshold => profit from full spectrum
: : L 1074k E
Luminosity spectrum can be measured in situ
using large-angle Bhabha scattering events, 107°F 7 X -
to 5% accuracy at 3 TeV E i =
Eur.Phys.J. C74 (2014) no.4, 2833 mo¢—~——»—
0O 02 04 06 0.8 1

arXiv:1812.06018
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http://link.springer.com/article/10.1140/epjc/s10052-014-2833-3
https://arxiv.org/abs/1812.06018

én detector performance requirements @

104 N DL L DL DL B B
o ol p) P}
. Q) —10°Gev"' ]
* Momentum resolution 10 4 ° 10°GeV'! -
. . . . =) . — 10" GeV"' {
* Higgs recoil mass, Higgs coupling to muons = | —10°GeV"' ]
=10° E
O,:/Pr ~ 2 % 105 GeV-: above 100 GeV §
. m ‘ (] i
* Impact parameter resolution 10 f‘ | * |
* c/b-tagging, Higgs branching ratios o

n 1 I R . L i
116 118 120 122 124

* 0,~a®b/(p[GeV]sin20) um witha=5pm,b=15pum Di-muon invariant mass [GeV]

* Jet energy resolution

&2
* Separation of W/Z/H di-jets - 5 | o= 28% ]
. 6,JE~5%-3.5% for jets at 50 GeV - 1000 GeV § °F T orm s 0%
* Angular coverage 3 4 Al
* Very forward electron and photon tagging , ] TN
* Downto0=10mrad (n=5.3) | "\,\
% 70 80 90 100 110 120
Mass [GeV]
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calorimetry and PFA

Jet energy resolution + background suppression for optimal detector design

=> => fine-grained calorimetry + Particle Flow Analysis (PFA)

What is PFA?

Typical jet composition:
0% charged particles

30% photons
[0% neutral hadrons

2

Typical jet composition:
E0% tracker <Y &
30% ECAL <
10% HCAL <

Hardware + software !
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én background suppression

e'e = ttH > WoWhH = qqbtvb bb
CLIC 1.4 TeV

same event before cuts on
beam-induced background Highly granular calorimetry + precise hit timing

l

Very effective in suppressing backgrounds
for fully reconstructed particles

l

Leneral trend for e*e” and pp colliders
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Triggerless readout, once per full (1a6 ns) bunch train

Expect at most one hard e*e” collision per bunch train
Detector occupancies dominated by beamstrahlung

Detector designed to achieve occupancies below 3-4%

Drives cell sizes:

e Max. vertex pixel size 2028 um?

* Max. tracker cells size depends on location:
max 0.0 mm? - 0.3 mm?

vertex detector

50 100

150 200 250

o |P

26 Mar 2019

3 TeV

300
z[mm]

ch.part.

mm?- bx
(cylindrical
projection)

LA

107

102

10°

350

arXiv:1812.07337
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Hits [1 / mm2/ BX]

S
e

e
<
[4)]

1078

detector occupancies

!

cLicdp VErtex discs

- I T T I Ll T L] T T -
- Incoherent pairs yy — ha&rons .
- 3 TeV — Disk1&2 .- Disk 182 T
—— Disk 3&4 - Disk 3&4
—— Disk 5&6  ----- Disk 586 3
N L ]

50 100 150

Radius [mm]

cLicdp tracker discs

" 7 Incoherént pairs
— ITD1
—— ITD2
—— ITD3

ITD4
—— ITDS
—— ITD6

ITD7
— OTD1

0OTD2

o — OTD3

gt oTD4
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https://arxiv.org/abs/1812.07337

@ combined CLIC Higgs coupling results @

Model-independent Model-dependent

November 2018

November 2018

s 1.2 UE)
2 CLICdp o @D CLICdp B
© L model independent i © model dependent
2 >
© S 0
ECRIE = o 8
L = (9]
g g o
g S ke g
o o
© ° pse || m
Ll — c
-
............. -
&
Q - u t Y 1 [«
&0 @)
< H N
X i o 350 GeV, 1ab’ | o 350 GeV,1ab’ -
9 o +1.4TeV,25ab’ 0.9 - o +14TeV,25ab" Zy | o
> e +3TeV,5ab" e +3TeV,5ab” N
%Xl 0.8 =
© Higgs width is a free parameter, LHC-like fit, assuming SM decays only. =
allows for additional non-SM decays Fit to deviations from SM BR’s

Full CLIC program, ~7 yrs of running at each stage:

« Model-independent: down to +1% for most couplings, ultimately limited by g,,,, +0.6%
* Model-dependent: £1% down to + few %o for most couplings

« Accuracy on Higgs width: £2.5% (MI)
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https://arxiv.org/abs/1608.07538
https://doi.org/10.1140/epjc/s10052-017-4968-5

New physics reach

The precision measurements and searches can be
Interpreted in a wide range of model frameworks

Indicative CLIC reach for new physics. Sensitivities are given for the full CLIC
programme covering the three centre-of-mass stages. All limits are at 95% C.L.
unless stated otherwise. Details on many of these examples are given in

The CLIC Potential for New Physics: https://e-publishing.cern.ch/index.php/CYRM/issue/view/71

Process HL-LHC CLIC
Higgs mixing with heavy singlet sin” ¥ < 4% sin” ¥ < 0.24%
Higgs self-coupling AA ~ 50% at 68% C.L. [—7%,11%] at 68% C.L.
BR(H — inv.) (model-independent) < 0.69% at 90% C.L.
Higgs compositeness scale m, m, > 3TeV Discovery up tom, = 10TeV
(> 7TeV for g, ~8) (40TeV for g, ~8)
Top compositeness scale m, Discovery up tom, = 8 TeV
(20TeV for small coupling g,)
Higgsino mass (disappearing track search) > 250GeV > 1.2TeV
Slepton mass Discovery up to ~ 1.5TeV
RPV wino mass (ct = 300m) > 550GeV > 1.5TeV
Z' mass (SM couplings) Discovery up to 7 TeV Discovery up to 20 TeV
NMSSM scalar singlet mass > 650GeV (tanf < 4) > 1.5TeV (tan < 4)
Twin Higgs scalar singlet mass mg=f > 1TeV mg=f>45TeV
Relaxion mass (for vanishing mixing) < 24GeV < 12GeV
Relaxion mixing angle (my < my /2) sin’ @ <23%
Neutrino Type-2 see-saw triplet > 1.5TeV (for any triplet VEV)
> 10TeV (for triplet Yukawa coupling ~ 0.1)
Inverse see-saw RH neutrino > 10TeV (for Yukawa coupling ~ 1)
Scale VLLI/2 for LFV (&e)(er) > 42TeV https://arxiv.org/abs/1812.07986
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https://e-publishing.cern.ch/index.php/CYRM/issue/view/71
https://arxiv.org/abs/1812.07986

&ID pp collisions / e*e” collisions

to address the open questions in particle physics

p
p
p-p collisions e*e collisions
Proton is compound object e*/e- are point-like
—> Initial state unknown - Initial state well defined (\'s / opt: polarisation)
—> Limits achievable precision - High-precision measurements
High rates of QCD backgrounds Cleaner experimental environment
- Complex triggering schemes - Less / no need for triggers
- High levels of radiation - Lower radiation levels
High cross-sections for colored-states Superior sensitivity for electro-weak states
Very high-energy circular pp colliders High energies (>=350 GeV) require linear collider
feasible
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pp collisions / e*e” collisions @

pp and e*e collisions
provide complementary
physics information

=> important for our field to
_have both |

factor > 108

o [nb]

T T T T T T T T T T T T

S0 F
bl 6 qq (g=u,d,s,c,b)

108 e’e” processes
T
4
_;_GJ 10
‘o 10°
© 102

; MCFM + Higgs Eupopesan Stratedy

102 1075 e 10 iH He'e
\s [TeV] collision energy 1 HHv.Y,
// HHZ
» Interesting pp events need to be joe bbb 1 L
found within a huge number of 0 1000~ 2000 _ 3000
. 9 collision energys [GeV]
collisions

« e'e events are more “clean”
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high-energy e*e- collider studies

T YT YT T =y ’/"f/ ‘
Compact Linear Collider (CLIC) s
BN 380 GeV- 11.4 km (CLIC380) =

. I 1.5 TeV-29.0 km (CLIC1500)
3.0 TeV - 50.1 km (CLIC3000) 1

» _
: Schematic of an
g 80-100km
g long tunnel
L ]
L
-

X Compact Linear Collider (CLIC): CERN ‘Y
| e*e’, \s: 380 GeV, 1.5 TeV, 3 TeV

@ ks ‘ vy A
= 7 " i~ an ~
e We o i

Geneva ot !

L
‘.--. un®

A

| Length: 11 km, 29 km, 50 km Future Circular Collider (FCC-ee): CERN

e*e’, Vs: 90 - 365 GeV; FCC-hh pp
" MO Circumference: 97.75 km

—

Circular Electron Positron Collider
(CEPC), China

e*e’, \s: 90-240 GeV; SPPC pp,
Circumference: 100 km

International Linear Collider (ILC):
| Japan (Kitakami)

e*e", Vs: 250 — 500 GeV (1 TeV)
Length: 17 km, 31 km (50 km)
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Accelerator implementation at CERN of LDMX type of
beam

X-band based 70m LINAC to ~3.5 GeV in TT4-5

Fill the SPS in 1-2s (bunches 5ns apart) via TT60
Accelerate to ~16 GeV in the SPS

Slow extraction to experiment in 10s as part of the SPS
super-cycle

Experiment(s) considered by bringing beam back on
Meyrin site using TT10

eSPS electron beam (16 GeV) &)

ALICE

SPS

ATLAS

Decelerato CNGS Cern Neutrinos to Gran Sasst
LEIR Low Energy lon Ring LINAC LiNear ACcelerator
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