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Introduction

Detailed studies of detector optimisation
and physics potential available for CLIC

* Introduction: CLIC, energy staging,
experimental conditions, detector concept

e Software chain and detector performance

« Example physics benchmark studies
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The Compact Linear Collider (CLIC)

drive beams
these electron beams provide the RF power to the main accelerators

N R P N

detector
electron main accelerator electrons ' positrons positron main accelerator
main beams

Compact Linear Collider (CLIC):

» Based on 2-beam acceleration scheme
» Operated at room temperature

» Gradient: 100 MV/m

* Energy: 380 GeV - 3 TeV

* Length: 50 km (for 3 TeV)

* P(e”) =+80%

» Upgrades could benefit form novel approaches (dielectric structures, PWFA, ...)
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CLIC staged implementation

CLIC would be implemented

FH T I T T T T I T T T T I T T T T I T T T T I L
in several energy stages e - | Integrated luminosity -
S /F|— Total -
. . L | — 1% peak i
Current baseline scenario: = o
— — 8 L 0.38 TeV 1.5 TeV
Ple”)=—-80% P(e )=480% C 4L
Stage Vs [TeV] Lo lab 1| L lab '] o [ab '] é I
1 0.38 (and 0.35) 1.0 0.5 0.5 S
2 1.5 2.5 2.0 0.5 -
3 3.0 5.0 4.0 1.0 o i
() 2
]
© i
>
- The strategy can be adapted to o | _:Fp,j::‘
possible discoveries at the (HL-)LHC £ 0 Tl | |

or the initial CLIC stage(s) 0 5 10 15

* 1year=1.2 x 10" seconds

drivebeam — | A A A A

(based on CERN experience) B detector main beam o i
mm BDS = T=2.2km"
mm  accelerator 100 MV/m /
Bl accelerator 72 MV/m Al s s s aWlaWaWaWaWaWaWa

I o b — — |

CERN-2018-005-M \/

unused arcs
arXiv:1812.01644
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CLIC experimental conditions

Parameter 380 GeV | 1.5 TeV 3 TeV
Luminosity L (1034cm-2sec) 1.5 3.7 5.9
o 34 -2 -1 . .
L above 99% of Vs (1034cm2sec™) 0.9 1.4 2.0 Drives timing
S~_| requirements
/ for CLIC detector
Number of bunches per train 352 312 312
Beam size at IP o,/0, (nm) 149/2.9 ~60/1.5 ~40/1
:>. Very small beam
Beam size at IP o, (um) 70 44 44
156 ns 20 ms

4/

CLIC: trains at 50 Hz, | train = 312 bunches, 0.5 ns apart
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Beam-induced backgrounds

- o Pare  €’e’ pairs v/ q
@W * vy — hadrons
o, /Y q
Beamstrahlung
>< 108_'| L LR LR i '*'_'_'"'I_
e'e pairs: oM - CLICdp — Incoherente’'e” |
High occupancies S 1083 TeV —yy > hadrons |
— Detector design issue T BeamCal E
(small cell sizes) 2 10°F LumiCal -
~— . Central det_
10%F o ~
Yy — hadrons - _ -
Main background 1l ]
in calorimeters and trackers B / -
— Impact on physics 102 - -
(needs suppression in the data) o :| pT>|2°'V'eV | | -
10*  10° 102 10" 1
0 [rad]
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Detector requirements

 Momentum resolution o ——————————————
(e.g. Higgs recoil mass, H — p*y, = ol P, —nosmearing -
leptons from BSM processes) © | —Op/Py=4x10"
o _ B !  —0, /p2=8x10" |
Pr) o107 Ger™ sf ,, :
Pr _
- Jet energy resolution 20 |
(e.g. W/Z/h separation) j
o(E) T o
—~3.5% for E>100GeV o
— 50 50
- Impact parameter resolution e'e” - figlg — M+M %1 X

(b/c tagging, e.g. Higgs couplings)

(7(do)zx/a2+b2-GeV2/(pzsin38),aNS,um,b%lSum

* Lepton identification, very forward electron tagging

10/04/2019 Philipp Roloff Physics simulations



Detector requirements

* Momentum resolution

(e.g. Higgs recoil mass, H — y'y, ;é) (\ —o,/m=1%

leptons from BSM processes) > 6 byl

®© i —o,/Mm=10% |

0) _ _ = I

Pr) o107 Ger™ s, 0 _

Pr _ - _

- Jet energy resolution ol ;

(e.g. W/Z/h separation) j |
o(E) 0 Yoo 8080 100 o 20

7 3.5% for E>100GeV Mass [GeV]

* Impact parameter resolution
(b/c tagging, e.g. Higgs couplings)

(7(do)zx/a2+b2-GeV2/(pzsin38),aNS,um,b%lSum

* Lepton identification, very forward electron tagging
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Detector requirements

« Momentum resolution
(e.g. Higgs recoil mass, H — p™y,
leptons from BSM processes)

o(pr)
2
Pr
- Jet energy resolution
(e.g. W/Z/h separation)

o(E)
E

* Impact parameter resolution
(b/c tagging, e.g. Higgs couplings)

~2%107° GeV ™

~3.5% for E>100GelV

O(a’o):\/a2+b2-GeV2/(pzsin30),aNSMm,b%lSum

* Lepton identification, very forward electron tagging
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CLIC detector concept

l

Conl 4T

Steel - HCAL

ECAL endcap

ECAL plug

LumiCal

BeamCal

6.4m

» Ultra low-mass
vertex detector
with = 25 x 25 ym?
pixels

* Main trackers:
silicon-based
(large pixels / short strips)

* Fine grained (PFA)
calorimetry, 1+7.5 A

« Strong solenoid magnet (4 T)

« Complex forward region
with compact calorimeters

* Instrumented return yoke for muon 1D

CLICdp-Note-2017-001
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Calorimetry and PFA

Detector design driven by jet energy resolution and background rejection
— Fine-grained calorimetry + particle flow analysis (PFA)

What is PFA?
Typical jet composition: -
* 60% charged particles
* 30% photons

* 10% neutral hadrons

Always use the best <
available measurement:
 charged particles

— tracking detectors: & <&
» photons — ECAL: <&

e neutrals — HCAL: &

Hardware and software!
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Background suppression

Beam-induced background from yy — hadrons can be efficiently suppressed by
applying p_-dependent timing cuts on individual reconstructed particles (= particle flow objects)

e'e” — tt at 3 TeV with background from yy — hadrons overlaid

10/04/2019

Philipp Roloff Physics simulations
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Simulation software chain

Linear Collider Software

m Linear collider community has used
and developed common software
for many years

» Event data model (EDM) and
persistency: LCIO

* podlO is being investigated in
AIDA2020

» Particle flow reconstruction:
PANDORAPFA

m Adopted DD4HEP geometry
description to develop more
common software this geometry
information

m Interface generic reconstruction
packages via thin wrappers to linear
collider framework

Event Data Model: LCIO |

y ™

Generator

Whizard,
Pythia, ...

| Recon- |
struction

Overlay

Digitization
Tracking
PFA

|

Detector Geometry: Icgeo (DD4hep)

André Sailer
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Main tool for event generation: WHIZARD

WHIZARD 1.95 (and earlier versions) used since a long time for LC physics studies
(including CLIC CDR and ILC TDR)

Recently switched to WHIZARD 2.x:

» Automatic generation of matrix elements for
arbitrary processes in e*e”, e*y, yy collisions

https://whizard.hepforge.org/
« Beamstrahlung spectra via CIRCEZ2 interface

or beam-beam event files \

c'\g' ECLICdp o I3t|30|(5".e+'\l‘ |
* Lepton collider ISR structure functions, EPA 2107 x $_§+ E

o 5 ey

1072\ P, =
* Arbitrary beam polarisation = 0 ™

103k ™ -
* Output event formats: LCIO 10—4;— -
(also HepMC, LHEF, StdHEP, ...) 10_5:_ | ]
 Using other generators for specific purposes 10—6()" 55 '0‘_'2 NTE '018'?' -
(PYTHIA, PHYSSIM, ...) x =8/ (S

CERN-2018-005-M
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https://whizard.hepforge.org/

Geometry description (DD4hep)

DD4hep — Overview @ ADA” @AM @)

Complete Detector Description

m Providing geometry, materials,
visualization, readout, alignment,

i i ] in simulation, reconstruction
calibration. . . Use in simulation, reconstruction,

_ _ _ analysis, etc.
m Single source of information —

consistent description m Easily write new detector drivers

m Detector geometry extensible with
additional information, e.g. for
reconstruction

m Supports full experiment life cycle:
Detector concept — development —
detector optimization — construction
— operation

Provided CDML TGeo — G4 Reco. Analysis
extensions Converter Converter Extensions Extensions
Geant4 Reco. Analysis

Program Program Program

André Sailer
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Tracking

Conformal tracking = cellular automaton in conformal space

Conformal mapping: transforms circles passing through the origin in (x,y) into straight lines in (u,v)

u=x/(x*+y? v=yl(x*+y?)
seeg hit
Cellular automaton based on build and extend .
* build: finds set of cellular tracks from each seed hit o' celulor
by creating connections with nearest neighbours cellulo‘rkk““\ e
* extend: extends cellular tracks to form track candidates rackl W)
track 2

Pattern recognition: full chain

m Hit collection | Configuration

CLICdp work in progress
T

R
[ bb, E, = 500 GeV, no background

v [1/mm]
%

Build tracks Vertex barrel | Standard cuts I
uild tracks ertex ooser cuts (angle x 5) : S ¥y - :
—0.02f - f;.:'\,“ " .

Extend tracks Looser cuts (angle x 10; x? x 20) [ s | . ]

-0.04 |- ]
L | PO TR [N TR ST S T ' | RS | ]

-0.04 002 0 002 004
u [1/mm]

After pattern recognition: Kalman filter to get the track parameters
e prefit with 3 hits (first, middle, last) to get initial helix parameters
* fit forward and smooth backward

Emilia Leogrande
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Particle flow analysis

Particle Flow Reconstruction @ aDA” @AM @)

PANDORAPFA: generic toolkit for pattern
recognition algorithms in highly granular
calorimeters

m Originally developed for ILC/CLIC
detectors

m Extended to work in LAr-TPC 3
reconstruction for the DUNE Pl i | 8
neutrino experiment i

ClientApplication: DDMARLINPANDORA E —
glues linear collider framework (Marlin), === m

FineGranularity Content simultaneous development on

DD4HEP, and PANDORAPFA  [ememem

Client Application Framework

CaloHit Manager

m Passes DDREC DataStructures
information, tracks, and calorimeter
hits to PANDORAPFA

m Converts PANDORAPFA objects into
LC EDM objects

André Sailer
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Distributed computing

Distributed Computing with iLCDirac AN )

DIRAC (Distributed Infrastructure with
Remote Agent Control): High level
interface between users and distributed
resources

WorkloadManagement

Transformation system for
automated and centralized tasks

DataManagement system including
Replica and Metadata Catalog,
asynchronous operations (file
transfers (FTS), removal)

ILCDirac extension for the linear
collider community, implementing
interfaces for LC applications and
transformation workflows

ERN
e
DIRAC users can submit jobs in different
ways (JDL, Ganga, python script)

m In iLCDirac python API for existing
workflow modules offer a
straightforward interface

from DIRAC.Core.Base import Script
Script.parseCommandLine ()

import Userdob, Marlin, DiraclLC
d DiraclLC ()

Userdob ()

("recEvents.slcio")

Marlin ()
("ILCSoft-01-17-09")
("Steering.xml")
("SimEvents.slcio")
.append (m)
.submit (d)

——3333-—

André Sailer

10/04/2019
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CLICdet performance in full simulation: tracking

Momentum resolution Displaced tracks
CLICdp CLICdp
‘T;I ? S I Slngljleu o c>)’ 1.2 Dlsplacedsmglepjl”II””I”HI”
s oy | e _
O, 107 . = e e e
— B ‘\\ o 0=89° S B —EF— =10 GeV __
§1 0_2 i A _____ a ® b/ (p sin*%) o 0.8 i #@% _+_g= 100 geV i
o i TAL g i i
2 k.5 < 0.6 % .
-, 3y X (&) B 4
0 1073 F . ) Y [ ]
% g e - = 04F %% ]
& o - : :
107 £ g, 0.2F @ ]
® '1}3::..25{5;;:_:_:_@:_:_ C § ]
10—5 | ol Co vl Co il 0 — | | | .
1 10 102 10° 0 1 OO 200 300 400 500

p [GeV] vertex R [mm]

Transverse momentum resolution of
2 x 10~ GeV~" achieved for high-energy
tracks in the central part of the detector

arXiv:1812.07337
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CLICdet performance in full simulation: PFA

Jet energy resolution Hadronic W and Z decays
CLICdp CLICdp
) S L R B B B LN - [~ T T
& 14 vLC7 Jets, with 3TeV BG 1|17 < g |-500 GeV bosons, with 3 TeV BG )
U [ —=50GeV ] | —W bosons
c_ 12 =100 GeV E | —Z bosons JrJr
Eomz =250 GeV : f
5 10 - —~ 750 GeV — i
& [ _~1500GeV ] 400 - |
()
= 8¢ E
Gl B * I
wer E 200 - -
= A== S '
Cé) oL, 0 :ﬁ*-r-:"r-"'—*"‘"’; +++.+++| L T**“'r_*_i++ﬂ4-—~,,_ ]
© o 02 04 06 08 1 60 80 100 120
|coso| di-jet mass [GeV]
Jet energy resolution with pile-up at — Physics projections are based
the 3 TeV CLIC stage on realistic full detector simulations and
include the impact of beam-beam effects

arXiv:1812.07337
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Fast simulation

CLICdet DELPHES card

A

» Fast simulation based on CLICdet detector geometry and performance available in DELPHES (central
repository: https://github.com/delphes)

» Performance parameters based on full simulation of CLICdet documented in arXiv:1812.07337

» Workflow includes tracking and identification efficiencies, momentum and calorimeter resolutions, jet
clustering, flavor tagging, isolation, particle flow

» Linear collider jet algorithm VLC implemented in DELPHES and used in the CLICdet cards

Separate cards for the 3 energy stages to mimic effect of beam-induced background on jet energy resolution

» Hints for using the CLICdet card:
https://twiki.cern.ch/twiki/bin/view/CLIC/DelphesMadgraphForBSMReport

v

Validation compared to full simulation

CLICdp Work in Progress ~ CLICdp Work in Progress . CLICdp Work in Progress

» CLICdet cards 3 b — 9400 3 F — 2001 3 004 — 6747
va Ild ated aga | nst fu ” u.u.s} — Delphes 0421~ —— Delphes-1999 0.035 — Delphes
aieared a8 ot i
simulation for the o.0sf- o8] vazs
0.05[— 06 .
three stages in various i sl 0015
03 0.01
processes e B : 0.005
B[E12 BIEN4 BlENE o
> GOOd agreement found %U=; P A ekt VNI - B %% l1—Xxxxxxxxxxxxxxxxx"xxxxx"x"xxx %% e %
for invariant masses ok om0t Q08
, . 0 g 20
Mg [GEV] E) [GeV] mij(W) [GeV]

energy and angular
observables of jets and
leptons

Ulrike Schnoor CLICdet DELPHES card - 1/1

HZ (Z — qq) at 350GeV  Hvwv(H — pp) at 1.4 TeV WW — frqq at 3TeV

Ulrike Schnoor
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Example full simulation studies:

Higgs and top physics with
emphasis on reconstruction
challenges and high energy

10/04/2019 Philipp Roloff Physics simulations 22



Single Higgs production

a F ' JE
;‘ i 1 Higgsstrahlung: e'e” — ZH
f 102 b |+ 0~ 1/s, dominant up to = 500 GeV
o I 1+ Model-independent measurement of o(ZH)
o [ 1 at380 GeV
10k E _
- 1 WW fusion: e’e” - Hv v_
B | +0o~log(s), dominant above 500 GeV
1 1 e« Large statistics at high energy
107 3 y ZHH 3 ttH production: e'e” — ttH
- ” 1+ Accessible = 500 GeV, maximum = 800 GeV
Ll Vo | . . . . . 1| < Directextraction of the top-Yukawa coupling
1072
0 1000 2000 3000
\s [GeV]
e’ Z Ve et et et t
\W Z
-——- H -—-—- H N H
Z \ W 7
e H Ve e e e t
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Flavour tagging: H — bb/cc/gg at Vs = 350 GeV

Simultaneous extraction of: Uncertainties on o0 x BR
* Three.decay modes: .bb/ cc/gg D Statistical uncertainty
— precise flavour tagging ceay Higgsstrahlung W W-fusion
« Two production modes: 1t - -
ZH and WW fusion —ob 0.6l 1.3 %
Hi frum H — cc 10 % 18 %
— Y98 Py SPeC H— gg 4.3 % 7.2 %

CLIC, Vs = 350 GeV, L = 1 ab™", no polarisation

L
| CLICdp \'s =350 GeV

| —e'e > ZH > Hvv;H - bb
6001 —e'e” - WWvv — Hvv; H— bb
| --- SM background

b) fit template: bb CLICdp Vs =350 GeV c) fit template: cc d) fit template: gg
ZH;Z - qG H — bb ZH;Z > qg H—>ct ZH;Z - qg; H - g9

Entries / 10 GeV

400~

200} |

T

Eur. Phys. J. C 77, 475 (2017)
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Top Yukawa coupling

— o(ttH) is directly i
g sensitive to the top / L

Yukawa coupling g,

~~~~~~

ttH — bbbbggrv.
at CLIC (1.4 TeV) |

(s=1.4TeV, 2.5ab"

©-0.5 e

?IE CL|Cdpwork in progréatsts(p -ig (cos¢+lsm¢;/)

Most important final states: Joaf T et
e*e” — ttH — qgblvbbb * Sensitivity to CP mixing | *T“Ajizfzz::ﬁ:’epm ]
e‘e” — ttH — qgbqgqgbbb in the ttH coupling from 03¢ E
— Roughly similar sensitivity o(ttH) onl ~igui(cosg+isingys)
CLIC, Vs=1.4 TeV,L=2.5ab™ « Differential distributions é_:'f:e::::ﬁ:::'g::::é_:::e:::a:::g:::e:::e:::é
AQ,. /9., = 2.9% provide further N
Improvement 00 - IO!ZI I IOT4I | I0!6I | IO.ISI — 1

arXiv:1807.02441
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Higgs and WW production

in 10 TeV e'e™ collisions

C;
Lsverr = Lsm + Z Foi

Individual (linear fit)
20t [ 350GeV1ab™
] 1 1.4TeV25ab’!
[ 3TeV5ab

— New physics scales
well beyond the
centre-of-mass energy
15/ 0 10Tev4ab” || can be reached

>

)

-, = The 10 TeV projections
Ié) I m | were scaled from 3 TeV
~—

<

10 .
(assuming the same
- N luminosity spectrum)
5_
O |7 1 |7 _ ’_|i |_|__|_I—|
Cw —Cg Caw CHB Caw

CERN-2018-005-M
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Double Higgs production

= F | | 3 e'e” — ZHH:
E - HveVe 1  * Cross section maximum around 600 GeV
I
P 10°E E _
o 1 e'e > HHvv:
+ B ] . e e [ [
% - 1 » Benefits from high-energy operation
10 =
- : Both processes provide complementary
i . information:
3 3 CLICdp CLICdp
: : § Fr T T T T T T T T T T T T g § FrrrrrrrTrrrTr T T T T T T T T
i ] ;1 ' | « HHvw3Tev ] ;0-3:— | « ZHH14Tev E
107 = 0.9 025
- ] 0.8 | | 0.2 ]
i i 0.7 | | 0.15F E
] 0.6F ——== Y S e
1072 ", I 0
3000 0.5¢ R AR B e ]
's[GeV] I B S 0'050""'1“"2'""é"“ig
e+
— The Elmbiguity in the extraction of g, ., from
o(HHv v ) can be broken using differential
o distributions and / or o(ZHH) at 1.4 TeV
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Higgs self-coupling measurements

« HH—bbbb is the “golden channel” at CLIC, combination with HH—bbWW*

leads to marginal improvement

4 1 poI scheme
T I

1.4 TeV 3 TeV
o(HHvve) >30 > 50 OBSERVATION

Ao/ = 28% Aclo = 7.3%

o(ZHH) > 50
OBSERVATION

O Do 1.4 TeV. 1.4 & 3 TeV:

-34% +36% -7% +11%

rate only differential analysis
Template fit at 3 TeV

uses two variables: M(HH) and BDT score

NB: ZHH not full simulation yet

arXiv:1901.05897

gHHH HHH
2 1000CLI?de ——— 3 'I;eV : L:‘I\SOOOifb I4:1|po|.lschlemia = o5 qqHv
2 0.05 < BDT < 0.09 50.09<BDT<0.13 EO.13<BDT<O.25 E .

pd 800 €y — vqqaq
600 [ ee > aqqq

400 T ee —qqqqlv
200 €e — qqqqvv

. ee — qqHvv

o ‘@“@“@“‘«@ o ’%‘90'@6.63\0?\‘9 > "bbg‘@w?l\-ll;l;)[gca‘eV] " ee > HHVY
10/04/2019 Philipp Roloff
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Boosted top reconstruction

e‘e” — tt — qqqqbb at Vs = 3 TeV

—

N

r : r , ' ,
CLICdp Vs=3TeV, [cos(8,,)| < 0.80

tt — qgqqqaq (05=0.11, 8,=0.03)  rrvrrniien tt — qdqqdg (+mass cuts)

efficiency

qqqq (q=u,d,s,c,b) (3,=0.11, §,=0.03) +rrrven: qqqq (g=u,d,s,c,b) (+mass cu
qq (9=u,d,s,c,b) (5;=0.11, 5,=0.03) qq (9=u,d,s,c,b) (+mass cuts

ts)

» Hadronic decays of high-energy
top quarks do not lead to three
well-separated jets

* Instead, reconstruction of the top
in a “large” jet and identification of
substructure compatible with

t— Wb — qgb

 Studied =10 years for the LHC,
new and active effort for CLIC
including different approaches

« Boosted H—bb also under study

Example:

« John Hopkins top tagger

» High efficiency achieved in physics

analyses (also due to moderate backgrounds in
e*e” collisions)

arXiv:1807.02441

10/04/2019 Philipp Roloff
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EFT analysis of tt production at CLIC

102 101 TeV e t
0.00033 0.00017 CLICdp
0.001 Clq B 0.00047] | semi-leptonic ¢
’ 0.0025 380GeV +1.4TeV + 3 TeV

0.00022 0.0001 380GeV +1.4TeV Y*/ ZO*

0.00075 Cjq.w 0.00030 | 0.0051 380 GeV

0.00018 0.00016 B

0.00054 Cly.B S v oo e t
Bars:
global fit
Ticks:
individual
operators

Tev == 104 10-3 10—2 10~ TeV—2

A global fit requires at least one high-energy stage in addition to 380 GeV operation
» High-energy operation dramatically improves the sensitivity for

certain (“four-fermion”) operators
arXiv:1807.02441
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Much more information

https://clic.cern/european-strategy

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

Formal European Strategy submissions
» The Compact Linear e+e- Collider (CLIC): Accelerator and Detector (arXiv:1812.07987)

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

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

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

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

o Detector technologies for CLIC [In collaboration review]

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

« Higgs physics at the CLIC electron-positron linear collider (Journal, arXiv:1608.07538)
m Projections based on the analyses from this paper scaled to the latest assumptions on integrated luminosities can be found here: CDS,

arXiv.

CLICdp notes
o Updated CLIC luminosity staging baseline and Higgs coupling prospects (CERN Document Server,
arXiv:1812.01644)

e CLICdet: The post-CDR CLIC detector model (CERN Document Server)

e A detector for CLIC: main parameters and performance (CERN Document Server, arXiv:1812.07337)
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Summary and conclusions

* The CLICdet detector model is optimised to study e*e™ collisions
up to 3 TeV in the CLIC experimental conditions

* The corresponding software chain is validated for physics studies from
Geant4 simulation to user analysis, access to distributed resources
via (iLC)Dirac

* CLIC energy-staging — optimal for physics:

380 GeV: Optimised for precision SM Higgs and top physics
1.5 TeV & 3 TeV: Best sensitivity for new physics searches,
rare Higgs processes and decays

* Lots of potential synergies with muon collider studies
(already visible this morning)
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Backup slides
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Studies of high-energy e’e™ colliders

. e — D

F Compact Linear Collider (CLIC) /; - ’ S "“.‘

L\J B 350 GeV - 1.4 km (CLIC380) /- = f J lizﬁ; —'f
1.5 TeV - 29.0 km (CLIC1500) ,,/ / ;?'5{4 iy Ml

3.0 TeV - 50.1 km (CLIC300!

Schematic of an

1

g 80-100km
g long tunnel
i

7 | Compact Linear Collider (CLIC): CERN
Vs = 380 GeV, 1.5 TeV, 3 TeV
Length: 11 km, 29 km, 50 km

Future Circular Collider (FCC-ee): CERN
Vs = 90 - 365 GeV
Circumference: 97.75 km

P2 Circular Electron Positron Collider
(CEPC): China
Vs =90 - 240 GeV
Circumference: 100 km

J| International Linear Collider (ILC):
Japan (Kitakami)
Vs = 250 - 500 GeV
Length: 20 km, 31 km
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Comparison to other e*e” collider options

Linear colliders:

March 2019

= N B S B » Can reach the highest energies
& —— CLIC . * Luminosity rises with energy
g , —— ILC | * Beam polarisation at all energies
< 10°F wILClumi-up 3 * Potential to benefit from novel
?3 C —— FCC-ee (21Ps) §  accelerator techniques
- —— CEPC (2 IPs) _ _

B | Circular colliders:

10 E - L

: 1 < Large luminosity at

[ b 1 lower energies

- - * Luminosity decreases

1k <4 with energy
=R 1 1 1 ] 1 1 1 1 l 1 1 1 1 ] =
0 1000 2000 3000

. NB: Peak luminosity at
Is[GeVl | Ep2 (209 GeV) was = 10% cms™
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Detector simulation

DDSim @ apa” @M @) DDRec: High Level Information @ aDA” @M @)

m Geometry translated to GEANT4 in memory, access to SensitiveDetectors,

Run/Event/Stack/Step Actions ) ] win | laoutte || vecorelers ||
Simulati ¢ ble vi h ddsi High level view onto the detectors through
W Simulation steerable via python program ddsim DDRec DataStructures extensions for

m Get steering file ddsim --dumpSteeringFile > mySteer.py DetElements N*’ ttes s/ oy [P DBge e

i ilei 1 DD4hep::DDRec: LayeredCalorimeter phdistanco
» Steering file includes documentation for parameters and examples m Constructors fill DDR Doz LayeredCalorime s
g . - ) . onstructors 1i ec e
» Configure simulation directly from commandline ey ceiSizet
DataStructures s boet sty
m Add plugins for additional functionality
m DataStructures allow to decouple
$ ddsim
ffnct?unvcalo --filter.tracker f’put.kee}‘)AllPutlcles detector implementation from
--action.mapActions -G --part.minimalKineticEnergy
from DDSim.DD4hepSimulation import DD4hepSimulation Taction, fracker g direction Tpart printEndlracking . .
from SystemOfUnits import mm, GeV, MeV, keV s ingoglabast Semii B reconstruction algorithms Data Structure Detector Type
SIM = DD4hepSimulation() e e aparinte iyeice vier . .. ConicalSupportData Cones and Tubes
SIM.compactFile = ”CLIC_03_v06.xml” e ertode e TPbysicalist DataStructures contain sufficient = PP R
SIM.runType = “batch” Toebicc Zhep e ® . . ) . . FixedPadSizeTPCData Cylindrical TPC
SIM.numberOfEvents = 2 CHeldddiaderd e o tile information to provide geometry information | LayeredCalorimeterData Sandwich Calorimeters
SIM.inputFile = ”electrons.HEPEvt” --field.delta_one_step - ) ~-randon.replace_gRandon . . . o
SIM.part.minimalKineticEnergy = 1MeV Thlderen SmacroFile Trindee e to particle flow clustering via PandoraPFA ZbfanazDate Planar Silicon Trackers
SIM.filter.filters [’edep3kev’] = ~-field equation ~-numberOfEvents ~——runType ZDiskPetalsData Forward Silicon Trackers
N N n --field.largest_step -0 -s
dict (name="EnergyDepositMinimumCut/3keV” , --field.min_chord_step —-outputFile —-skipNEvents
parameter={"Cut” : 3.0xkeV} ) Thitver o iy Jreerinerile
——filter.filters ——oucguc:puc --vertexOffset
--filter.mapDetFilter --output . random --vertexSigma

André Sailer
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Compositeness at CLIC

Composite Higgs Composite top
10 —— T T T T T T T T T T T T T T T T T ] 10 --------------------------------------
[ < i total tr compositeness
n Q@%“ [ CLIC
[ o . 81 semi-leptonic ff
| cLic 3 o ° th
S| ® hvv, hZ, WW, tth ] > |
i ee—ff -
41 at
; ® HL-LHC :
I G@%) [
2r : : i
I /&//'C‘, opflml's tic 2 [
10 20 30 40 50 5 10 15 20 25 30 35 40
m,[TeV] m.[TeV]

m,: compositeness scale
d.: coupling strength of the composite sector

Discovery of Higgs compositeness scale up to 10 TeV (40 TeV for g, = 8)
Discovery of top compositeness scale up to 8 TeV (20 TeV for small g.)

CERN-2018-009-M
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