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The Compact Linear Collider

* To CLIC givat n povn ' Legend
wWPLUN ETLAOYN YL Eva !

' + - e=ms CERN existing LHC
ETILtayuvin e e ylua

Potential underground siting :

EVEPYELEC HEPLKWV TeV eses CLIC 380 Gev
, 4 eeee CLIC1.5TeV
e Compact - cupnaync: CLIC 3 TeV

T CWHOTidLa pItopouv va

entaxuvOouv o€

VP NAOTEPEG EVEPYELEG ME

OXETIKO UKPO MEYEDOC

diataéng

o CLIC oto CERN: 50 km ywa
3 TeV

o International Linear
Collider otnv lanwvia,
ILC: 32 km ywa 500 GeV

e Linear - ypORLLULKOG:

* Lepton Collider -
CUYKPOUGTNPOLG
Aenttoviwv:
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Ye avtiBeon pe tov LHC (Large Hadron Collider)



Emitayvvteg ASpoviwv Vs Aemtoviwv

e+ e-

= o . (m

2UYKPOUOELG MPpwToViwV (p-p)

ZUYKPOUOELC TOULTPOVIWYV - NAEKTPOVIWV
(e*e’)

To mpwtovio eivat cuvOeTo:

* H apywn kataotaon dev ival amoAUTwg
YVWOoTN yla KaBe olykpouon

* [leploplopog otn HEYLOTN akpiBela

Ta e*/e elval oToelwodN:

e KaAa kaBoplopévn apyikn kataoton (Vs /
toAwon)

*  Metpnoesic uPpnAng akpipetlag

YynAoi puBpoi unrnoBabpou ané QCD

* [oAumAokn emhoyn/anoppun yeyovotwy
(triggering)

*  Y{ynAd enineda padlevepyelag

KaBapotepo nelpapatiko nepBaiiov
e Avdyvwon xwpig triggering
e XapnAd enineda padlevepylag

MeyaAn pala — AlyOoTePO EMLPPEN OTNV

oktwofolia nédnong/cuyxpotpouv —

enutayuvon og VPNAEG eVEPYELEG ME KUKALKOUG
ETUTOYUVTEG

H aktwvoBoAia GuXpOTPOU ATOTPEMEL TRV
emutayuvon oe oAU VP nAEG EVEPYELEG OE
KUKALKOUG EMLTAXUVTEG e AOYLKO pHEYEDOG
— XpAon YPOAHHLKWV ETILTOXUVTWV

H cwpatdiakn puoikn xpetaletal kal tig SUo nmpooeyyioelc!
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Emitayvvon Zopatidinv

* MMoAU armAoikd: to
LetaBaAlopevo nAekTpLko nedio
gTITAXUVEL TO. GOPTIOUEVA
ocwuaTioLa

g e L
w - N~

* Emttayuvtng RF (radio
frequency):
OUYXPOVIOUOC TWV
cwpatidlwyv pe 1o
NAEKTPOMAYVNTLKO KU

Aéoun cwpanélwv HAekTPIKO TTEDIO 1
; .’
- ¢— O ¢ — ¢ - ¢~ O ¢— - ¢
Mo to CLIC:

e 100 MV/m (100 ekatop. Volt ava pétpol)
* 12 GHz (ouyk. LHC: 5 MV/m kot 400 MHz)
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CLIC: Emitayvvon pe 600 mapaAAnAeg SEOUES

14
OCWUATLOLWV
H Odnyo6g Aéopun (Drive Beam) XaunAnG evépyelag Kal UPnAou peUHATOS
mapéxel Tnv aktTivoBoAia RF yia emitayuvon
» Aopn deopidwyv: 12 GHz
« XaunAn evépyela (2.4 GeV - 240 MeV)

* YWnAo peupa (100A)
H Kopia Aéoun (Main Beam ) emitaxuveTral yia va

OUYKPOUOTEI YIO HEAETN OTOV AVIXVEUTH
* YynAn evépyeia (9 GeV — 1.5 TeV)
* Peopa 1.2A

ure

o -
Power-g €rating Struct

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

detector : J
&~

lect i lerat: i in
electron main accelerator electrons positrons positron main accelerator
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~1 km




BiAtoypagia yia to CLIC

Volume 1:
Accelerator .

12 i 3812

WK LA ERCHE NUCLEARE

CERN runoees et W

A MULTI-TEV LINEAR COLLIDER
BASED 0N CLIC TECHNOLOGY

LI Cemrernuas. Desyes Byeoer

CERN-2012-007

Volume 2: Physics +

Detectors =

ORGANEATION ELROPEENNE FOUR LA RECHERCHE NUICLEAIRE
CERN ELROPEAN GRCANIZATION FOR NUCLEAR RESEARCH

-
L3

. -.L-.,_ &

o
F e
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PHYSICS AND DETECTORS AT CLIC

CLIC Compmsrun Do Rasuer

CERN-2012-003

Volume 3: Strategﬂymtl
Implementation &=

ORGANBSATION EUROPEENNE FOUS LA RECHERCHE NUCLEAIRE
CERN EURDFEAN ORGANIZATION FOR NUCLEA R RESEARCH

THE CLIC PROGRAMME:
TOWARDE A STAGED ¢'¢~ LINEAR COLLIDER
EXPLORING THE TERASCALE

CLIC CourprTins. Dipsos Resour

CERN-2012-005

Germany ® ICREA a IRAE.

Input to the Snowmass process 2013

Physics at the CLIC e*e ™ Linear Collidel@

Ocohers, 2013
“This popr summarizss the physis potenia o the CLIC highensrey ¢ s~ inear colider I povides
inpatto e

awellas
T

by 3 paper dsserbing the CLIC scesleator sy, submitied to the Frontier Capabilities group o the
Snowmass process [1].

‘The CLIC Detector and Physics Siudy
. Aoanovic A Am:lenr X Al . Al N Al e 0. Al

R —
mpt’, . Krami™, B Krupa®, . Kaulis* 2,
Timcest,

FAD. Wl
L Zawieli, LS. Zgu®
v Tel Avi, Lrael,
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Barceiona Spain,” Aarius wsraiion
A et Scice CAS) ok Uit w lbwu).umzlu ° A Sanfird USh,
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Universidadde i Spain  Department

Bergen, Norway ™ i of Michigan, Ann Arbor

Michigan, USA, =

kg Cc. Pand it o e S, ke, amani, % Y, by,
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P i Fonrier Grenoble 1, IN2P:

arXiv:1307.5288

+ Higgs Physics at CLIC paper and Updated Staging Baseline paper currently under

internal review. Stay tuned!
D -
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https://cds.cern.ch/record/1500095/files/CERN-2012-007.pdf
https://cds.cern.ch/record/1425915/files/CERN-2012-003.pdf
https://cds.cern.ch/record/1475225/files/cern-2012-005.pdf
http://arxiv.org/pdf/1307.5288v3

[Taykoouia Zvvepyaoia yia to CLIC

CLIC/CTF3 accelerator collaboration CLIC detector and physics (CLICdp)
27 institutes from 17 countries

CLIC accelerator studies: Focus of CLIC-specific studies on:
e CLIC accelerator design & development" ® Physics prospects & simulation studies”
* Construction and operation of CTF3" * Detector optimization + R&D for CLIC”
http://clic-study.org/ http://cern.ch/clicdp
X e’ ed,
P ® s” o, ® 4 @£3g%® SN g8 .

&
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ZtoxoL PuoiknG— ATAITOELS Yia AVIXVELTY

* Eukplvela otnv HETPNON TNG OPUNG o I
o Higgs recoil mass, smuon endpoint, S | mx. H np ‘f‘f;l;';v.1
Higgs coupling to muons §103 1 E

>0p,. /% ~ 2 X 107°GeV ! 2.0 B

e Eukplvela peTpnong evepyelag Twv Jet
o Separation of W/Z/H di-jets

>05/E ~ 3.5% for E > 100 GeV 1L 0 T

116 118 120 122 124

* Eukplvela mapapEeTpoOU MPOOKPOUONG Di-muon invariant mass [GeV]

o c¢/b-tagging, Higgs branching ratios 2

3 c —l:!m.’m:1%D 1

50,4 ~ 5 @ 15/(p[GeV] sinz §)um > 6 —%m =228k

[11] - =10% ]

o ' 1 KO = - G?{Tx. 10%8

KaAn ywviokn kaAuvdn 5 xopi

o Avayvwplon mpooBLwv NAeKTpoviwy I WIZ

>MéxpLkat 8 = 10 mrad 2F -

+ Avaykec Aoyw tn¢ Soung tng S€ouNng Tou [ ]
CLIC kot Tou urtoBabpou mou poKaAeital B0 70 80 90 100 110 120

Mass [GeV]

armo tn d€oun
® N.Nikngpopov, 30 Maiov 2016 j N o3



Aladikaoia feATioToTTOMONG TWV
TOPAUETPWYV TOV AVLXVEVTN

Aflomoinon epmnepiog ano netpapota tov LHC, xprion twv dvo
npotacewv yia tov ILC (ILD, SiD) w¢ edpaAtnpla

o To LOVTEAQ OVIXVEUTWV EXOUV NON EPATEL apkeTA otadla BeAtioTonoinong

o ZUuykAivoupe twpa o€ Eva povo “Néo Movtédo” yia aviyveutn oto CLIC

Xpnon npocopolwoewV (BaclopEVEC KUPLWCE oTo MakETo Geant4)
o AMNAeTtidpaon CWHATIOLWY LLE TOV AVLXVEUTH
o MAApNCc avakataokeun kot avaluon evoladpEpovowv GUOLKWV SLEpYACLWY

Avantuéope HEYAAO LEPOC OTTO TO AOYLOULKO:

0 2XEOLOOMLOG KOl ATTELKOVLON YEWETPLOC aviXVEUTH) Kal ouvdeon pe Geant4d
Kol AOYLOJLKO OLVOLKOTOALOKEU NG

* Noakéto DD4hep (Detector Description for High Energy Physics)
o /N\OYLOULKO aVaKOTAOKEUNC (TPOXLEC, avayvwplon tpotuTtwy, clustering,...)

® N.Nikngpopov, 30 Maiov 2016 (C\FT‘NZ? m e9



[Tpotewvopevn Awataén oto Néo Movtédo

Vertex detector (25 pum pixels)
g€alpeTIKA YanAng padog,

agpPOPUKTOC, YLOL OVIXVELON TPOXLWV
Kall onpelov aAAnAenidpaonc

l >wAnvoeLdnc payvntng,

B =4TR;, =34m

KUplog avixveutng
Tpoxwwv (Tracker),

Oeputdbopetpa LumiCal .
and BeamCal r

AtodAvog uyog
EMLOTPOPNAC
polyvntikoL mediou
LLE QVLXVEUTEC

xpnon oe Particle Flow (PFA, Avayvwpion
Mpotunwv), BaBog: 1 + 7.5 4,

LOVIWV

® N.Niknpopov, 30
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Anpiovpylo HOVTEAWY TTPOCOUOLWONG

<detector id="DetID_HCAL_Barrel" name="HCalBarrel" type="HCalBarrel_o1_v01"
readout="HCalBarrelHits" vis="HCALVis" >
<dimensions nsides="HCal_symm" rmin="HCal_Rin" z="HCal_Z" />
<layer repeat="(int) HCal_layers" vis="HCallLayerVis" >
<slice material="Steel235" thickness="0.5*mm" vis="AbsVis"/>
<slice material="Steel235" thickness="19*mm" vis="AbsVis"/>
<slice material="Polysterene" thickness="3*mm" sensitive="yes"/>
<slice material="PCB" thickness="0.7*mm"/>
<slice material="Steel235" thickness="0.5*mm" vis="AbsVis"/>
<slice material="Air" thickness="2.7*mm"/>
</layer>
</detector>

» To Aoylopukd DD4hep nopEXeLl MAAETO YEVIKEUMEVWV EVEALKTWV KoLl
KALLOKOUUEVWYV HOVTEAWV yla KAOE KOpATL Tou aviyveutn (C++ drivers)

» Ta HeyEON, UALKA, TOL XPWHLOTO TNG ATTELKOVLONG EAEyovVTaL EUKOAA PEow XML

» Av Xpelaletol EPLOCOTEPN AEMTOUEPELQ, €ival EUKOAO va ypap el Kavelc kol AAAQ

» 2uVABWC UTTOPOUE VAL KAVOULLE TIOAAQ LLOVO TpoTtolwvTac To XM
Xwpic compile, m.x.:
» AMN\ayr Hey€EBoUC avixVeUTA

» Anuoupyia SUTAWV OTPWHATWY

b IMELPOELONC YEWUETPLA \
...
o
N.Nikngpopov, 30 Maiouv 2016



IL.x. MeAétn emucaAvyng

BeAtiotomoinon HCal  peronoewv my wawm; o
WW - vfud KO(LZZ - vvdd

e To abpoOVIKO KOAOPLUETPO 3 o 19 mm Fe
OLTTOTEAELTOL ATTO OTPWOLTO TTUKVOU 5o még;é%g
aroppodntr Kot TAXLGTIKOU =l J5 = 1TeV
orwvoOnploti

o Toa UALKA, 0 aplBuoC Kol TO TIAX0G TWV :ZZ
OTPWHUATWY, TO HEYEDOC TWV KU P EALOWY, 002
emAeyovtal pe Baon tnv BeAtiotonoinon YE oA | Do
TNC eUKpLveLag tnG evépyelacg twv jets (JER) bTE e ‘my; [GeV]

/ . / / OH oxwxopevn megloxr) didet éva amo ta
1 apa(SElV QL ET['J\OVH aT[OPPOd)ﬂTr] ONUElX 0T TUO KATW YRADIKT) TAQATTACT).
YtaBeQ0 oLVOALKO

, O et 19Fe_60L
o 60x19 mm AtcdAl (Fe) ﬁ? 50/% 22 . oo
~/. 1 E =« = ]9Fe_60L + 60 BX Ov
[MANpn¢ mpooopoilwon Geant4 + 2 F o\ 10W_70L+ 60BXOv_| 5%

\ o
\ o
’\ o*’

PandoraPFA + FastJet et
H amodoon ival cuykplolun ylo
and atodAL

’;‘Ms ™V TEOoC oK
: vtoPBaBov CLICdp
OETUNG Work In
o To atoaAL Elval TTILO OLKOVOULKO KoL . L T

EUKOAOTEPO OTNV eMeéepyacia 0 500 1000 1500 2000 2500
3 Vs [GeV] ..

P ol

m,, /m; Overlap [%]
% N

[ Y
= o
T T

—_
N



Aladikaoia feATioToTTOMONG TWV
TMOPAUETPWYV TOV AVIXVEVLTY) - I]

e Juvepyaoia e pnxovikou¢ (kootoc, uhonownoLpotnta, ...)
O ZTOTLKEC/OUVOULKEC LEAETEC (EMEPAOUEVO OTOLXELQ, ...)

* Epeuva kot Avamntuén véwv texvoloywwv (R&D)

O AOKLUEG aviXVeEUTWV o€ deopec owpatdiwy (Test beams)

o [POCOUOLWOELC ATIOKPLONG AVLXVEUTWY, ...

>

n test beam - .; { Max.Deformation =32 [um] !

iy

ﬂ]ﬂflnlmm\ ;
® N.Nikngpopov, 30 Maiov 2016 eb
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Vertex Detector R&D

Aemtol auoBnTpeg mupttiou eIectronlcs ch|p (65 nm) Awataén aobntrpa Kot NAEKTPOVIKWV

(LT I D um thin sensor on 700 um Timepix

%ﬁﬁﬂiﬁ"a&\\\\\ AN ‘\\\\‘E\\\\\\ | P
M & BT ‘ ML |
) J»; 1§ , ’,! "Lk\\\l \

PRl EAEEE"" _ p

v
|-
=
(-
C
|-
Rl
-
m
-
-
=
i
"
i
N
L]
-
Ly
L3
s

A

HV- CMOS sensor + CLICpix Texvoloyieg dtaolvdeong MPOCOUOLWOELC or’matoq

L 55 pm pitch o
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YOvoymn - CUUTIEPAC AT

* To CLIC givon e emtdoyn yia éva ertaxuvty et e™ pe
EVEPYELEC MEPLKWV TeV yia tnv peta-LHC emoxn pe eatpeTika
evolapEpov npoypappo Guotknc Kot LEYAAEC SUVATOTNTEC

o Meyalo e0pog evepYELWV e oTASLA UAOTTOiNONG BEATLOTOTIOLNUEVA VLA
duowkn
o Metpnoeig akpiBeiog aAAd kot avalntnoeig veac GuoLKAC

e 2to CLICdp (detector and physics study) éxoupe 6N peAETAOCEL
Sitadopec emAoyec yia eva aviyveutn oto CLIC kat cuyKAivoupE
O€ £V LOVOOLKO VEO HOVTEAO

e Juvepyaoia MOAAWV KAASWV TNC EMLOTAMNG

o AvaAuon ¢uolkiG He mpooopolwoelg (benchmark studies, ...)
o R&D o€ texvoAoyiec aypnG
o Avamntuén AoylopikoU MPoooUoiwaonG, OLVOKATOOKEVNG, avaiuvong, ...
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Backup Material
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Accelerating Particles

CLIC aims for high collision energy (3 TeV)
* need very strong acceleration
* more efficient at high frequency

CLIC:
* 100 MV/m (100 million Volts per meter!)
* 12 GHz (atLHCit’s 5 MV/m and 400 MHz)

SN A A U,
v

particle bunch electric field 1

RF (radio frequency)
accelerator: synchronise
particle with an RF
electromagnetic wave

> ¢ o> — - —

"
T
ul
T
"
T
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CLIC acceleration modules

drive beam

oL 2016

o NN PSR,
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CLIC Two-beam Acceleration Scheme

Accelerating gradient: 100 MV/m Two Beam Scheme:

Drive Beam supplies RF power
* 12 GHz bunch structure

* low energy (2.4 GeV - 240 MeV)
* high current (100A)

Main beam for physics
* high energy (9 GeV — 1.5 TeV)
e current 1.2 A

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

detector : )
&~

r— —_—

electrons positrons positron main accelerator
main beams

electron main accelerator

 Principle of operation already demonstrated successfully at CTF3 at CERN

® N.Nikngpopov, 30 Maiov 2016 &!b ®19



Why a Linear Collider?

accelerating cavities

v = MY -« Few accelerating cavities, many magnets
Circular Collider * Beam circulates for a long time (at 11000
s — o turns/sec in LHC)
. >N\ - For High energy — strong magnets needed
/ — more synchrotron radiation loss
L E*B? E*
Synchrotron radiation power: P & —- o —— Mproton _ .
4
Loss of particle energy per turn: AE : Melectron

m4R

Linear Collider

source main linac

* Few magnets, many accelerating cavities

* Beam passes only once

« For high energy: — high accelerating gradient needed

* For high luminosity — high beam power (high bunch repetition)

® N.Nikngpopov, 30 Maiov 2016 m ®20




CLIC Layout at 3 TeV

540 klystrons
20 MW, 148 ps | | |

drive beam accelerator

e — e e e,

-‘ 2.5 km

A | N A
( TA e~ main linac, 12 GHz, 72/100 MV/m, 21 km

A\

| Drive Beam '

circumferences
delay loop 73 m
CR1293 m
CR2439m

BDS BDS ™

540 klystrons
| | | 20 MW, 148 ps

drive beam accelerator

e — e e

2.5km 3

A

BC2

/o

2.75 km 2.75km

+ -
e* main linac TA

[

-

CR combiner ring

TA turnaround

DR damping ring

PDR predamping ring

BC bunch compressor
BDS beam delivery system
IP  interaction point

B dump

50 km

e~ injector
2.86 GeV

® N.Nikngpopov, 30 Maiov 2016

booster linac
2.86t0 9 GeV

427 mJ{389m

| Main Beam '

e*injector
2.86 GeV

@bom



CLIC Energy Staging

, , Stage1  Stage 2 Stage 3
* CLIC would be implemented in stages g g ey

—_
o
w

. I I
o Wider energy range, optimized running tt I U2

conditions on each stage

—_
o
3% ]

o Driven by Physics and technical aspects

|
!
\
|
|
|

—
o

* Exact strategy will depend on LHC results

Cross-section [fb]

—_—

Possible staging scenario

(New staging baseline document under collaboration review) 10"

2000 3000
/s [GeV]

Stage 1: 380 GeV, 500 fb!, 7 y: precision Higgs and I i
top physics 0 1000

+ tt threshold scan at 350 GeV, 10x10 fb-! points

Stage 2: ~1.5TeV, 1.5 ab}, 5y: targeted at BSM SUSY modelll :
physics, precision Higgs — Higgs — SM ti

— %0, 8 —

Stage 3: ~3 TeV, 2 ab!, 6 y: targeted at BSM
physics, precision Higgs

—— charginos — neutralinos

° N.Nikngpopov, 30 Maiouv 2016 m 22



Proposed CLIC Site and Staging

Legend

e=== CERN existing LHC L)
Potential underground siting : &

eeee (CLIC 380 Gev
esee CLIC1.5TeV
esee (CLIC 3 TeV



[MTewpapatikes ZuvOnkec oto CLIC
Drive timing requirements for the

Luminosity 5.9x10% cm2s! CLIC detector
Bunch separation 0.5 ns /
#Bunches per train 312 Low duty .cycle
S—— / * Triggerless readout
Uil @hisralElon: Dooms  Power pulsing (turning power
Train repetition rate 50 Hz off when not needed)
Particles per bunch 3.72 x10°
Crossing angle 20 mrad Very small bea.m proflle at the
interaction point
0,/ oy [hm] s = Very high E-fields =
o, [um] 44 Beam-beam background

156 ns 20 ms
CLIC bunch == — > le L
structure

CNOL TO SCAIC - T eeeieteteeeseseeeeesesessassesesensessesennnsnne

® N.Nikngpopov, 30 Maiov 2016



YroBaBpo Aoyw ¢ dEounc

e *e Pairs

AN ‘\’“/Ulf

Q. &

o Pair-background Beaijzgfﬁ
* Coherent e*e” pairs: 7 x 108/BX
o Very forward
* Incoherent e*e” pairs: 3 x 105/BX

o Rather forward

gm‘“-
= 10°F_
10%F .
10%F
10°
1
10°

-4
10 10 10®

LT T[T

Particles [

T T T

e Bare”

Coherent Pairs
— |Incoherent Pairs

107° 10"

BX = bunch crossing

o High occupancies influence detector design

o yy to hadrons (3.2 events/BX @ 3 TeV)

* Energy deposits (19 TeV/train @ 3 TeV)
* Main background in calorimeters and trackers

Backgrounds can be mitigated by applying timing and momentum cuts

® N.Nikngpopov, 30 Maiov 2016



CLIC 1.4 TeV
ete” — ttH - WbWbH — qgbtvbb b

T,
L

same event before cuts on beam-induced
background




EEEALEN TV HOVTEAWY TOV aVIXVELTN

For the CLIC CDR (2012): Two general-purpose CLIC detector concepts

* Based on initial ILC concepts (ILD and SiD) but optimized and adapted to CLIC conditions
* Now focused on a single detector concept and simulation model

TPC/Silicon TPC/Silicon Silicon

Tracker

Solenoid Field [T]
Solenoid Free Bore [m]
Solenoid Length [m]
VTX Inner Radius [mm]
ECAL Inner Radius [m]
ECAL AR [mm]

HCAL Absorber B / E
HCAL A,

Overall Height [m]
Overall Length [m]

* For /s < 500 GeV a variant with a VTX inner radius smaller by 6 mm is foreseen

3.5
3.3
8
16
1.8
172
Fe
5.5
14
13.2

® N.Nikngpopov, 30 Maiov 2016

4
34
8.3
31*
1.8
172

W / Fe
7.5
14

12.8

5
2.6
6
14
1.3
135
Fe
4.8
12
11.2

Silicon
5
2.7
6.5
27*
1.3
135
W / Fe
7.5
14
12.8

CLICdet_2015

(3 TeV)
Silicon
4
3.4
8.3
31*
1.5
159
Fe
7.55
12.8
11.4

Silicon
3.8
3.0
13
40
1.3
500

Brass

5.8 Barrel/10 EC

14.6
21.6

M



Vertex Detector (Pixels)

To optimize, flavor tagging
was used as a gauge in
various tests :

1. Effect of material (most
significant effect on
performance)

2. Vary inner radius
(dictated by background
rates < B-field)

3. Effect of spiral geometry
(only small impact)

4. Single vs. double layers
(minor impact)

L

In the new detector model:
* Double layers (benefits for support)
* 0.2%X, per (single) layer
*R;, =31 mm
» Spiral geometry in the endcaps
(better airflow)
* Pixel size: 25 pm
* 3 um single point resolution

High-tech R&D covering several disciplines

® N.Nikngpopov, 30 Maiov 2016
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Silicon Tracker

e We use an All-Silicon Tracker for our new model

o A TPC tracker would have very high occupancies (30%) for CLIC @ 3
TeV with 1x6 mm? pads (without safety factors)

Fast Simulation (LicToy) studies varying geometry and layout (R, length,
number of layers, etc) as well as material (supports, cabling, cooling)

o Use pt and d resolution to gauge performance

 Key parameters currently implemented:
o Material Budget: between 1.6 %X, and 2.2%X, per layer

* Requires very thin materials/sensors
* Less critical than in Vertex Detector

o Single point resolution: oz = 7 pm

Full simulation studies ongoing with new Reconstruction Software
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Silicon Tracker Radius/ B-field

Can compensate a change in B
by rescaling R by \/B,om/B

B-Field and R also affect Particle
Flow Performance

o Previous ILD studies by M. Thomson and J. S. Marshall
A magnetic field strength of up to
4.5 T should be technically
feasible

Converged to an outer tracking
radius of 1.5 m and field strength
of4T

Tracker length: at least like CLIC_ILD
(4.6 m)

 Motivated by physics in the forward region
(e.g. Higgs self-coupling)

* Reduce Endcap Yoke thickness by 1.2 m and
use end coils
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Si Tracker Layout

5 “short” Barrel layers
o First layerat R = 230 mm

7 “flat” Endcap disks (full R)

o New First disk at z = 430 mm

* Arranged in an Inner and Outer
Tracker

o Support tube for extraction with
beampipe assembly

% 25F T T T T T TN Tertex Barrel |
c B — Vertex Endcap ]
—— Inner Tracker Barrel .
i — merTracker Endeap 1 o At |east 8 hits (Vertex + Tracker)
20 B —— Outer Tracker Endcap™
— Tota ] for 6> 8°
15F {1 ¢ Module arrangement and overlap
. - still under investigation
CLICdp Work In Progress | ¢ Cell size should vary from layer to
5F — ] layer
i"\ 1 o Motivated by occupancy (next slide)
0 P | I T T A T | i MR |
] 1 0 40 50
N.N|Kncp3&3o, 30 agoo 201% 9 [o: @b e 3]



More Calorimetry

The ECal and HCal combined present at
least 8.5 A; downto 8 = 10°

o Does not include BeamCal/LumiCal

HCal Endcap now extended down to
R;;, = 250 mm

o With some cutout for LumicCal

We found that R;,, = 240 mm is a good
compromise between letting in more
background and increased acceptance

o Studied my; in ZZ — jjvv events with
overlay for various HCal Endcap inner radii

12-fold inner and outer symmetry for
ECal/HCal/Yoke
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Forward Region Layout in the New Model

ECAL plug

LumiCal

500 mm

BeamCal

(incl. graphite)

1000 mm in old design!

 HCal Endcap coverage extended

* Reoptimized for a working hypothesis of an L™ = 6 m
— Final Focusing Quadrupole (QDO0) outside detector region
o Simplified services, no need for an anti-solenoid
o No need for rigid support
o Smaller support outer radius: 250 mm (was 500 mm)
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Tracker: Open Issues

Probably use gradually longer strips in layers
o Oriented along z (R) for barrel (endcap)
o Length 1 —10 mm, g,y = 0.3 — 3 mm
o Considering large pixels (o = 5 um ) for first endcap disk

Sensor Technology?
Power pulsing!
Air cooling not feasible in a large tracker volume

Use of liquid cooling restricts also options for module
geometry/layout/overlap!

o Material budget for cooling and supports already implemented in model
Tracker hardware R&D recently started

Investigating and developing a few track finding and fitting
strategies and algorithms
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Calorimetry and PFA

Jet energy resolution and background rejection drive the overall detector design
= fine-grained calorimetry + Particle Flow Algorithms (PFA)

Tracker = ECAL HCAL

What is PFA?

o Tk || g

Tracker ECAL HCAL

—

-:%E-'ﬁ .

it
% ol et o
st

Ejer = EecaL + Encal

Typical jet composition:

30% photons

60% charged particles

10% neutral hadrons

)

Ejer = Evrack +E, + E,

Always use the best info you have:

60% = tracker ¢ @
30% = ECAL

W

10% = HCAL v

&

Hardware + software !
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Calorimeter R&D

* Developing high-granularity calorimeters
o ~80 million readout channels
o (400x larger than LHC)

* To be used with Particle Flow Algorithms (mainly PandoraPFA)
e R&D in the framework of CALICE collaboration

o Investigating different absorber materials, readout technologies and
techniques

.....

- d L i it |
. | el
G2 o il it fat
- 4'.' 4'. t]

bl e
[ i M
P11 O M.
[ ':f"k.““ el

tut ”s‘te;ul“ahalo‘g HCAR
" | test beam

o iy 210 GeV 7~ in tungsten-DHCAL
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High energy photons are becoming more interesting!

RMSQO(EJ,)  Mean, (E) [%]

4.5

3.5

L3 AN

T
Z - qq — 100 GeV jets |
I (q =u,d,s) —180Geviets |
4

ECal Optimization

Initial optimization performed with Jet Energy Resolution as gauge
* # Layers: Not very important for higher energy jets (PFA confusion dominates)

Active element (Si vs Sc): No significant effect on JER

Cell size: JER degradation from 3% to ~3.5% when increasing cell size from 5x5

mm? to 15x15 mm?

Depth: 23 X/ 1 4;. The CDR (and ILC) models use Tungsten plates in 30 layers
in two sampling groups (say 20x2 mm + 10x 4 mm plate thicknesses)

Suboptimal for high energy photon resolution

Rev151t1ng ECal optlmlzatlon
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ECal Optimization (cont'd)

9 65 | CLIC_02_v04_CUR_22.85X0
— ¥2/NDF=77.7/3
o e w af%]= 0.36 = 0.01, B[% GeV'?]|= 22.87 £ 0.13
y P.rellmmary ~% 5[ 80and 1600 Gev CLICdet20_10_CDR_23.35X0 |
 Single photons L % X“INDF=17.8/3 |
. . ul- P [%]= 0.31+ 0.01, B[% GeV'?]=20.23 + 0.12
* Higher layer granularity + CLICdet30_10_22.85X0
. . 1| S - + %*/NDF=34.8/3 :
options ObV10uSIY better but LIJ84 - a[%]= 0.25 + 0.01, B[% GeV"?|= 15.75 + 0.09
also much more expensive = [ CLICdet30_23.216X0
e ¥2/NDF=2.89/3

* CLICdp is considering the 3
option with 40 layers with
uniform thickness for the
next simulation model(TBD)

R SS—— - a[%]= 0.18 + 0.01, B[% GeV'%)=17.26 + 0.10|
f f CLICdetd0x195_23.39X0

\ : : — & ¥*NDF=1.19/3

" «[%]= 0.15 £ 0.01, B[% GeV'?]= 14.83 £ 0.08

"R : CLICdetd0_22.58X0 :

—m—— ¥?/NDF=2.1/3

al%]= 0.14 £ 0.01, B[% GeV'?]= 14.72 £ 0.08

—

In new simulation model:
* 40 Layers, 23 X/ 1 A

200 400 600 800 1000 1200 1400 1600

c:PIIII

* 1.95 mm Tungsten plates E;™ [GeV]
e (0.5 mm Silicon active element

5.1x5.1 mm? cell size throughout
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Linear Collider Software

e Software is shared by the detector concepts of both ILC and CLIC and
the hardware R&D groups

o Common EDM: LCIO

o New common Detector Geometry Description and Simulation
Framework: Detector Description 4 HEP (DD4hep)

Event Data Model: LCIO

; S Cf;} Lﬁ}}

//
Generator 4 Recon-
Whizard, Slmulatlon Structlon :> Analy51s
Pythia DDG4, . |:> Overlay, | gl Vertexing
\ y g oo \ :> \ Digitization \ Jet Clustering
\ \ \\ Tracking :> \ Flavor Tagging

. U Y, \__PFA /J .

1T 1T T

Detector Geometry from DD4hep
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DD4hep motivation and goals

Complete detector description

o Includes geometry, materials, visualization, readout, alignment,
calibration, etc.

Support full experiment life cycle

o Detector concept development, detector optimization, construction,
operation

o Easy transition from one phase to the next

Consistent description, single source of information

o Use in simulation, reconstruction, analysis, etc.
Ease of use
Few places to enter information
Minimal dependencies
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DD4hep components

» DD4hep: basics/core
» Basically stable

» DDG4: Simulation using Geant4 ;‘;’; o

» DDRec: Reconstruction support
» Driven by LC Community T

» DDAlign, DDCond : Alignment DDRec | DDCond
and Conditions support T
» Being developed N

Toolkit

Dahep Geometry Description

» http://aidasoft.web.cern.ch/DD4hep

Already in use or considered by CLICdp, ILD, SiD, FCC-(ee,eh,hh),
LHCb, FCAL, CALICE
 New CLIC detector simulation model implemented in DD4hep
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DD4hep - The big picture

- Generic Detector

/ gompact \ Detector Description | A . |
ot
escription o constructors r M I I Conditions D

c++
| Based on ROOT’s TGeo
python

N

C++
| Ggi(;rgg[;y Alignment /
(Via ROOT OpenGL Viewer) ; Calibration
(. geoDisplay
L teveDisplay
Extensions  cpwMmL/L.CDD  TGeo = G4  Reconstruction Analysis V
where Converter converters Extensions Extensions

required xml / - /\ ‘ \
;c/’/'
e — ;\ / \ \

L Geant4 Event Display ~ Reconstruction I
// Program (less geometry detail) Program Proaram
E DDG4/ddsim | | CED Marlin J
Geant4, slic, ... ' ' ' '
M. Frank
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Implementing detectors

<detector id="DetID_HCAL_Barrel" name="HCalBarrel" type="HCalBarrel_o1_v01"
readout="HCalBarrelHits" vis="HCALVis" >
<dimensions nsides="HCal_symm" rmin="HCal_Rin" z="HCal_Z" />
<layer repeat="(int) HCal_layers" vis="HCallLayerVis" >
<slice material="Steel235" thickness="0.5*mm" vis="AbsVis"/>
<slice material="Steel235" thickness="19*mm" vis="AbsVis"/>
<slice material="Polysterene" thickness="3*mm" sensitive="yes"/>
<slice material="PCB" thickness="0.7*mm"/>
<slice material="Steel235" thickness="0.5*mm" vis="AbsVis"/>
<slice material="Air" thickness="2.7*mm"/>
</layer>
</detector>

» Fairly scalable and flexible drivers (Generic driver palette available)

» Visualization, Radii, Layer/module composition in compact xml (snippet
above), volume building in C++ driver (example in backup)

» User decides balance between detail and flexibility
» Usually could do a lot just by

modifying the xml. For example:
» Scale detector

» Create double layers

» Create "spiral” endcap geometry
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DDG4: Gateway to Geant4

DD4hep facilitates in-memory translation of geometry from
TGeo to Geant4

Plugin Mechanism -> Highly Modular:
o Sensitive detectors, segmentations and configurable actions, ...

All shared with Reconstruction!
Configuration mechanism (via python, XML, CINT) TR

o, .

o Physics lists, regions, limits, fields, ... o ek

A tt event at 500 GeV simulated
in a CLIC detector model using
DDG4. Black points are hits, Red
lines are measurement surfaces,
Gray lines are auxiliary
surfaces both used in
reconstruction
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DDRec Extensions

» The generic DDRec API decouples the reconstruction
code the from the specific implementation of the
detailed sub-detector geometry

» e.g: attach a LayeredCalorimeterStruct to the
DetElement for HCalBarrel (itself usually a collection of
several DetElements)

» Developed with needs of Pandora in mind

» Fill all the dimension, symmetry and other info (almost
definitely known to the driver)

» Fill a vector of substructures with info on the layers
» Sum/average material properties from each slice:
nRadLengths += slice_thickness/(2*slice_material.radLength());
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kLayeredCalorime'
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+ extent

+ outer_symmetry
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+ outer_phi@
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LayeredCalorimeter

Struct:Layer

+
+
+
+
+
+

distance
cellSize®
inner_thickness
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Measurement surfaces

Special type of extension, used primarily in tracking

o Did not find an implementation in TGeo
o DDSurfaces Implemented within DDRec

Attached to DetElements and (defining their
boundaries), e.g. the sensitive silicon wafer in a tracker module

o Can be added to drivers via plugins without modifying detector constructor
They hold u,v,normal and origin vectors and inner/outer thicknesses
Material properties averaged automatically sl :

Could also be used for fast simulation T

e Qutlines of surfaces drawn in
teveDisplay for CLICdp Vertex Barrel

and Spiral Endcaps
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Event simulated, reconstructed and visualized
fully with DD4hep

New CLIC detector model

implemented in DD4hep

Z — uds event at/s = 1 TeV
simulated with DDG4

Tracks reconstructed using

DDSurfaces

Particle Flow Objects from Pandora

interfaced with DD4hep and using th

DDRec data structures

Event display from the CED viewer
interfaced with DD4hep

» Also uses DDRec and DDSurfaces
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CLIC Physics
Program
Highlights

(extremely) brief summary and
elements of the CLIC physics program
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CLIC Physics Program Highlights

Many benchmark studies, performed with Geant4 full detector simulations
* with overlay of yy background, SM physics backgrounds

Comprehensive Higgs studies: ~20 analyses covering all three energy stages
1t stage (380 GeV) : g, coupling to 0.8% and couplings to other major decay

channels, m at the = 100 MeV level
Then at Higher energy stages (1.5 TeV and 3 TeV): Higgs boson couplings at the
0(1%) level (limited by g,,,, precision), g 4 at 10%, top yukawa coupling at 4.5%

* Top threshold scan: top mass at = 50 MeV level, tt kinematic properties

BSM: e.g. SUSY benchmark models, direct searches up to 1.5 TeV kinematic
limit for pair production with O(1%) mass measurement precision

AIL.49
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... and much more

Either being investigated or planned:

More Higgs channels, CP properties, ...
Precision studies withete™ - utu~
o e.g.search for Z' or precision coupling measurements if found at LHC
Higgs boson compositeness
More SUSY signatures

o Gauginos/Higgsinos with small mass splittings
o Top squark production

Model independent searches for Dark Matter
O Y +missing energy

Diphoton resonance (depending on LHC results)
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Summary and Conclusions

* CLICis currently the only option to offer multi-TeV e*e-
collisions

o Technology demonstrated to work
o A feasible option for CERN after LHC

* \Very active in challenging R&D projects for both accelerator
and physics/detector
o Covers a broad array of disciplines
o Simulation and reconstruction software development
o Collaborations and synergies with several other projects
e CLIC has an exciting physics program and potential

o Wide energy range with stages optimized for physics
o Precision measurements as well as searches
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Updated CLIC parameter table: Stage 1-3

Parameter Symbol Unit  Stage 1 Stage 2 Stage 3
Centre-of-mass energy NE GeV 380 1500 3000
Repetition frequency frep Hz 50 50 50
Number of bunches per train ng 352 312 312
Bunch separation At ns 0.5 0.5 0.5
Pulse length Tpulse ns 244 244 244
Accelerating gradient G MV /m 72 72/100 72/100
Total luminosity L 10* em s ! 1.5 3.7 5.9
Luminosity above 99% of /s Lo 01 10** cm 27! 0.9 1.4 2
Main tunnel length km 11.4 29.0 50.1
Charge per bunch N 10° 5.2 3.7 3.7
Bunch length fo wm 70 44 44
IP beam size ox/oy nm 149/29 ~60/1.5 ~ 40/1
Normalised emittance (end of linac)  e./e, nm — 660/20 660/20
Normalised emittance Ex/€y nm 950/30 — —
Estimated power consumption Pyall MW 252 364 589
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Updated Luminosity Development

(E. Sicking, from re-baselining document)

'E-l 000 Lumi'nlcz:siég,'r ;:Jelr },:'eérl | | _
- [ |[— Total
gy L | — 1% peak
© 800 .
!63 0.38 TeV 1.5 TeV 3 TeV
S 600 =
..::\ B
@ 400 .
£ -
E 200f- A | —
1 [
0 ;=|:|: [ . Lo | _!_ P
0 5 10 15 20
Year

@ CLIC programme of 22 years:

(5%, 10%,) 25%, 50%, 100%
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CLIC power and energy consumption
(E. Sicking, from re-baselining document)

o Current estimates of power consumption®

\/E [TEV] Pnom]nal[MW] Pwaiting for beam [MW] Pstop[MW]
0.38 252 168 30
1.5 364 190 42

589

S S
>‘ -
o) I
(@} i
=) 2_
= [
. i
>' =
=2 | o
Q) -
C L
L L
0-. 1 | L | i 1
0 5 10 15 20
Year
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1380 GeV values scaled from 500 GeV
CDR design. To be re-calculated once
380 GeV stage parameters and
machine details are known
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Cost Estimate at 380 GeV

(E. Sicking, from re-baselining document)

@ Full CLIC cost estimation including all contributions
@ Use 2010 CHF for direct comparison to CDR estimates

Value

[MCHF (2010)]

Main beam production 1245
Drive beam production 974
Two-beam accelerators 2038
Interaction region 132
Civil engineering & services 2112
Machine control & 216

operational infrastructure
—

Total

@ Full 380 GeV CLIC machine™ ~ 6.7 BCHF (2010)

[MCHF of 2010]

® Main beam production ™ Drive beam production
Interaction region

Comparison to CDR values

500 GeV A 500 Gev B 380 GeV

B Two-beam accelerators
u Civil engineering & services ™ Machine control & op. infra

(+ 4 MCHF /GeV up to 1.5 TeV)

preliminary

(Note — Numbers scaled from CDR design at 500 GeV

— To be repeated with detailed tech. description of 380 GeV CLIC)
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ILC and CLIC in Just a Few Words

CLIC Linear e*e- colliders
Luminosities: few 1034 cm2s1

ILC

*2-beam acceleration scheme,
at room temperature
*Gradient 100 MV/m

*+/s up to 3 TeV

*Physics + Detector studies
for 350 GeV - 3 TeV
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*Superconducting RF cavities

*Gradient 32 MV/m

/s < 500 GeV (1 TeV upgrade option)
*Focus on £ 500 GeV, physics studies also for 1
TeV



More on Beam-Beam Effects

Beamstrahlung can cause important energy losses %0_02:_' B _
right at the interaction point Z | energy spectrum

- at+/s =3 TeV
E.g. full luminosity at 3 TeV: 0015 i

5.9 x 103* cm2s!

Of which in the 1% most energetic part: 0.01F B
2.0x10%* cmst [ ]
0.005 |- s

Most physics processes are studied well above i )
production threshold => profit from full luminosity ol J sectll HP
0 1000 2000 3000

\/s' [GeV]
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Time window / time resolution

The event reconstruction software uses:

Subdetector Reconstruction window | hi resalul:iﬁl\
ECAL 10 ns 1 ns
HCAL Endcaps 10 ns I ns
HCAL Barrel 100 ns 1 ns
Silicon Detectors 10 ns 10/v/12 ns
TPC entire bunch train n/a

t, physics event (offline)

Translates in precise timing requirements of the sub-detectors
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Background Suppression

Triggerless readout of entire train:

I\ t, of physics event
* ldentify t, of physics event offline

o Correct for shower development and TOF, define
reconstruction window around ¢t |‘

o Pass all calorimeter hits and tracks within window to h I >

i r tCluster
reconstruction

— Obtain physics objects with precise pr and cluster
time information

* Then apply cluster-based timing cuts

o Cuts depend on particle type, pr and detector region
—Protects high-pr physics objects

e Also: use hadron collider-type jet algorithms (FastJet)
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PFO-based Timing Cuts

Region pr range Time cut
Photons

central 0.75 GeV < p; < 4.0 GeV | t < 2.0 nsec

(cosf < 0.975) | 0GeV < p; < 0.75 GeV | t < 1.0 nsec

forward 0.75 GeV < p, < 4.0 GeV | t < 2.0 nsec

(cos# > 0.975) | 0GeV < p; < 0.75 GeV | t < 1.0 nsec
Neutral hadrons

central 0.75 GeV < p; < 8.0 GeV | t < 2.5 nsec

(cosf < 0.975) | 0GeV < p; < 0.75 GeV | t < 1.5 nsec

forward 0.75 GeV < p, < 8.0 GeV | t < 2.0 nsec

(cos# > 0.975) | 0GeV < p; < 0.75 GeV | t < 1.0 nsec
Charged PFOs

all 0.75 GeV < p, < 4.0 GeV | t < 3.0 nsec

0 GeV < p; < 0.75 GeV t < 1.5 nsec
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CLIC 1.4 TeV
ete” » Hvv —» bbvv

same event before cuts on
beam-induced background
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Domlnant nggs Processes at CLIC

—-——

Large samples of Higgs bosons

=} - ]  WW/ZZ Fusion: o
E - 1 increases with +/s
<107 = =
ik - .
.T 10 ¢ E
g - ]
(4] - |
B 1 E
101k 1| e
- . Z
10-2 _l L I R T T S TR I T S SR | z H
0 1000 2000 3000 z
(s [GeV] Le :
I I
Lint 500 fb! 1.5 ab! 2 ab’l

68 000 20 000 11 000
#Hv,v, events 17 000 370000 830 000
#Hete™ events 3700 37 000 84 000

Note: Unpolarized beams assumed for benchmark studies

produced at CLIC even without
polarization

x1.8 enhancement for Hv,v,
with —80% e~ polarization

Gl Y



ete” > ZH -» utu H

Higgsstrahlung at /s = 350 GeV

c
Consider events where Z — ©250F
- — _ T C
ete”,Z->putuT, Z-qq 200 H
Define m2,. = s + m% — 2Ez/s 150}_
Model-independent measurement 1005_
of my, o -

|dentify HZ events from Z recoil

IPan

| —+ Input 1-::-1all

— Fitted total

— Fitted signal

--- Fitted background

Includes invisible Higgs decays 100

Measurement of gy, coupling
7 —»ete  /utu cases:
o BR(Z — ee/uu) =~ 7%
o Fully model independent
o A(Guzz)/Gnzz = 2.1%
Z — qq case:
o BR(Z - qq) =~ 70%

o Z reconstruction could depend on H decay
mode

° QNM@FPQZMWM #10.9%

70 80

P T
150

200 II
Mpec [GEV

ete” » ZH - qqH




More Higgs Physics at CLIC

= " hva, | ttH : Obtain top Yukawa coupling g;:x
=102l //’/ 1= — 2400 events at 1.4 TeV
é )  Analysis of events with
i - / 1 " 6 and 8 jets in final state
'O e ] = Ageen [ Guen = 4.5%
+'C|J i e t
B 1F E
10" — — Quartic coupling  Trilinear self-coupling
; ] et Ve
1 0—2 L 0 I B S S R R S R
0 1000 2000 3000 _- H
E [GGV] T~ H

Double Higgs Production

* Self coupling (gyyy) measurement gives access to undegstanding the Higgs field
* Only possible at high energies: to 24% at 1.4 TeV, 1ding 3 TeV result
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double Higgs production

+ v 2 [ Hw,
el //// :
O AL
~<H i :
T 10 | !\/ E
e v, O F tiH HZ  °
& L i
e The HHv,v, cross section is sensitive to the | © 1 :
Higgs self-coupling, A, and the quartic gyqww [
coupling 107 F E
e g(HHv,.v,) = 0.15 (0.59) fb at 1.4 (3) TeV 102 -. ' N S R S
e only 225 (1200) events at 1.4 (3) TeV 0 1000 2000 3000
— high energy and luminosity crucial N [GeV'
1.4 TeV 3TeV
A(grmww) 7% (preliminary) 3% (preliminary)
A(A) 32% 16%
A(A) for p(e) = 24%
80%




Summary of Higgs measurements

Statistical precision Summary of CLIC
Channel Measurement Observable 350GeV  14TeV  3.0TeV Hl S benchm ark
500 b~ 1.5ab7!  20ab”! gg lati
ZH Recoil mass distribution my 120 MeV — — simulations
ZH 6(HZ) x BR(H — invisible) iny 0.6% - -
ZH H — bb mass distribution m thd - - ]
Hv,v. H — bb mass distribution my — 40 MeV* 33 MeV* for more info:
7H G(HZ) x BR(Z — £6°) Shrs o 42% _ _ http://arxiv.org/abs/1307.5288
ZH o(HZ) x BR(Z —qq) gy 1.8% - -
ZH o(HZ) x BR(H — bb) 8778w/ T 1% — —
ZH o(HZ) x BR(H —+ ct) g%{zzgﬁccffﬁ 5%" — —
ZH o(HZ) x BR(H — gg) 6%" - -
ZH o(HZ) x BR(H — t7t) EhrrBhe/TH 6.2% - -
ZH O(HZ) x BR(H -+ WW*) g2 guw/Tn @ 2% —~ -
ZH o(HZ) x BR(H — 7Z*) Ehzz8hzz/Th tbd - -
Hv,v.  o(Hv\V.) x BR(H — bb} Shww8hns/ T 3%° 0.3%
Hv_ ¥, o (HvV) x BR(H — cT) Chww8hce/TH — 2.9%
Hv_ v, o(Hv,v.) x BR(H — gg} — 1.8%
Hv.v.  o(Hv,Ve) x BRH —1"t")  ghwwehe/TH - 4.2%
Hv_¥, o(Hv¥) x BR(H = p'p7) g%wwgﬁwﬂ"ﬂ - 38%
Hv_V, o(Hv.ve) x BR(H — vy) - 15%
Hv¥.  o(HvV.) x BR(H - Zy) - 42%
Hv.ve  o(Hv,Ve) x BR(H = WW*)  glhww/TH @ thd 1.4%
Hv, v, G(Hv Ve) X BR(H -+ ZZ*)  ghww&hzz/TH - 3%’
Hete~ o(Hete )xBR(H-—>bb) gl g0/ Th - 1%¢
ttH o(ttH) x BR(H — bb) Chiee8inn/TH — 8%
HHv,ve o(HHv.v.) SHHWW - T%*
HHvyV. o(HHv.) ) -~ 32% 16% Ny
HHvv, with —80% ¢~ polarization A — 24% 12% * Preliminary @b ® 66
+ Estimate



http://arxiv.org/abs/1307.5288

Higgs coupling to mass

 Combine results of studied Higgs production and decay
channels in global fit = extract couplings and Higgs width

coupling relative to SM

1.1

0.9

CLIC preliminary

© 350 GeV

model independent +14Tev = —
® +3TeV

® N.Nikngpopov, 30 Maiov 2016

10

much more
accurate than
HL-LHC

similar accuracy
as HL-LHC

Contrary to (HL-)LHC,
CLIC results are model-
independent

80% electron

polarization assumed
above 1 TeV



CLIC Higgs Global Fits

Model-independent global fits * Constrained “LHC-style” fits

80% electron polarisation assumed above 1 TeV

|
|
I . . . . .
! * Assuming no invisible Higgs
a1 |
Parameter Measurement precision | decays (mo del- depen dent):
350GeV +14TeV +3.0TeV :
5006 +1.5ab" +20ab ! | 2= T]Ff Tima = Y K7 BR;
| : .
gnzz 0.8 % 0.8 % : HisM i
gth 20 % 10 % 09 % : darameltler cdasuremen pl”ﬂ(.lbl{)ﬂ
SHce 3.2 % 1.4 % 1.1% I 350 GeV  + 1.4TeV | +3.0TeV
St 3.7 % 1.7 % 1.5% : 500fb~!  +1.5ab"! |+42.0ab~!
SHup — 14.1 % 5.6 % I Kuzz 0.44 % 0.31% 0.23 %
gHit ~ 41% < 41% | | Kiww 15%  017% | 0.11%
% 1 KHbb 1.7 % 0.37 % 0.22 %
8Hge 3:6% 1.2% 1.0% ! KHce 3.1% 1.1% 0.75 %
Sy - 5.7% <5.7% : Kitee 3.7% 1.5% 12%
Iy 50%  3.6% 3.4% T - 141% 1 55%
: Kiiut — 4.0 % <4.0%
N . : Kigg 3.6% 0.79 % 0.55 %
~1 % precision on many couplings I Kityy _ 5.6% <56%
. . .. 1
e Jlimited b recision I Ciind derived 1.6 % 0.32 % 0.22 %
Y 8uzz P md,

. | Y ”
Work in progress = |e  gub-% precision for most couplings
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Higgs Cross-Sections, Polarization Enhancement
Factors

Table 2: The leading-order Higgs unpolarised cross sections for the Higgsstrahlung, WW-fusion, and
Z7Z-fusion processes at the three centre-of-mass energies of the example CLIC staging scenario.
The quoted cross sections include the effects of ISR but do not include the effects of beam-
strahlung. Also listed are the numbers of expected events including the effects of the CLIC
beamstrahlung spectrum and ISR. The cross sections and expected numbers do not account for
the possible enhancements from polarised beams.

V5= 350GeV  14TeV  3TeV
L 500" 1.5ab ! 2ab!
cle’e” — ZH) 133 fb 8 fb 2fb
ole’e” — Hv.V,) 34fb  276fb  477fb
ole’e —He'e ) 7 b 28 fb 48 fb
# HZ events 68,000 20,000 11,000
# Hv,v, events 17,000 370,000 830,000
#He'e events 3,700 37,000 84,000

Table 3: The dependence of the event rates for the s-channel e "¢~ — ZH process and the pure -channel
e’e” =Hv.v,ande e — He'e processes for three example beam polarisations. The num-

t

bers are only approximate as they do not account for interference betweene' e — HZ — Hv,V,

1 —
ande e — Hv.v..

Polarisation Enhancement factor

Ple ):Ple") e'e —ZH e'e —Hvv, e'e —He'e

unpolarised 1.00 1.00 1.00
—80% : 0% 1.12 1.80 1.12
+80% : 0% 0.88 0.20 0.88
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The Simplest Case: Slepton at 3 TeV

Slepton production at CLIC very clean

slepton masses

~ 1 TeV

Investigated channels include

"eTeT > VIV, 2 eTeTWTW

= e'e” _>MRMR_’M M_%?X(l)

"efe” — &he; —ete 4%

A

e Leptons and missing energy
e Masses from analysis of endpoints of energy spectra

@« e : ++u'-v-x°+;(°
T 100 iwsl B(Dut a)-B(MC), events: 2845
§I>.) M= 101429+ 557
My®= 34175+ 638, 3%/ ndf 24,
T 80 L 341.75+ 6.38 24.5 /45 B
sof smuon
40 F ]
20 [ CLICdp]
ot .. 4 3TeV ]
0 500 1000 1500 2000
E [GeV]

® N.Nikngpopov, 30 Maiov 2016

stat. error,
all channels ::>

combined

result: Am/m<1%

m(fir) :
m(éR) i
m(Ve)
. £3.0GeV

m( %

m(¥;) :

+ 5.6 GeV
+ 2.8 GeV
+3.9GeV

+ 3.7 GeV

&m e7/0




Di-jet Masses: Gauginos at 3 TeV
m(%)) = 340 GeV

Chargino and neutralino pair production m( 7(0) m(%7) ~ 643 GeV
fam y gt a0 20w W 2 -
¢ece — X1 X1 — K1 X1

 separation using di-jet

ee” — Xz Xz — hhx1 Xl 82 %

invariant masses (test of PFA)

eTe” — 5% — Zhi % 17% 1
160 . REans —
50
%‘ xgx“ — hh jl
O, 140 2 i
S . ol
—> m(¥7) @ £7GeV = 120 . W
m(%y) : +10GeV 100F % AT
> 3420
::> use slepton study result 80 - I
m(§)) : +3GeV 50‘ jlm
40 i (e, |"‘. f-.*l'”. T 0
result: Am/m<1% 40 60 80 100 120 140 160

M, , [GeV]
® N.Nikngpopov, 30 Maiov 2016 &!D e7/]



Top Physics

ti threshold scan a08- titrln*:slhc:d«:li 1S mass 1?4.1:: GeV | =

* Accurate top mass measurement é | o NNLG_J' GLI_?%F e ]

* 10 center-of-mass points, 10 fb! each § 0.6 I f;:l,ﬂe:fz; ::IET . q

Ay (my) =34 MeV 5 f .

A,..(a) =0.0009 041 1

* Theoretical uncertainty O(100 MeV) 0.2 B |

when transforming measured 1S : |

mass to MS scheme . L e e
345 350 355

N's [GeV]

Other top physics subjects:
Explore potential of tt events as a probe for new physics, examples:

* Agg (and AIIg‘B)
= Sin2 HW
* top quark couplingstoy, W and Z

At high energy and possibly for the first stage
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o)

CrOSS SeCtion |

10°

10*

1wt

10t

107

BSM Physics: SUSY

Investigated SUSY models:

it 120 GeV Higgs

| . .
500 1000 1500 2000 2500 30
V3 (GeV)

CDR model |, 3 TeV:

e Squarks
* Heavy Higgs

— Higgs

— SM tt
—nE 55w
charginos  ___ natralinos

squarks

® N.Nikngpopov, 30 Maiov 2016

cross section (Th)

10°

10°

bt
G-_n

-t
O\'.F

108
120 Gey Higgs 120 Gev Higas
10¢
%
£ 10°
10!
500 Tooo 100 2000 2sm0 30 Mg 500 1000 1500 2000 2500 3000
7 (Gev) V7 (GeY)
CDR model ll, 3 TeV: CDR modelllll, 1.4 TeV:
* Smuons, selectrons * Smuons, selectrons
* Gauginos e Staus
* @Gauginos

Wider capability than only SUSY: reconstructed
particles can be interpreted as “states of given
mass, spin and quantum numbers”

/@5



Results of SUSY Benchmarks

Table 8: Summary table of the CLIC SUSY benchmark analyses results obtained with full-detector
simulations with background overlaid. All studies are performed at a center-of-mass energy of 3 TeV

Large part of
the SUSY
spectrum

measured at
<1% level

(1.4 TeV) and for an integrated luminosity of 2 ab~! (1.5ab1y[21, 22, 23,24, 25, 26, 27].
VS Process Decay mode SUSY Measured Generator Stat.
(TeV) model quantity value (GeV) uncertainty
7 mass 1010.8 0.6%
e — +, ==~
HRHR =7 B K XiXi %0 mass 340.3 1.9%
¢ mass 1010.8 0.3%
3.0 Sleptons giEs sete %0 1l
P RER T EE Xk Fomass 3403 1.0%
TT 300 _ ¢ mass 1097.2 0.4%
Vele 2 XiEeTe WIW 7imass  643.2 0.6%
3.0 Chargino XI_EEI_ — x,x,w W I X1 mass 643.2 1.1%
' Neutralino  %ox9 — h/Z"h/Z°% 0%} %5 mass 643.1 1.5%
3.0  Squarks drdg — GOLA | qg mass 1123.7 0.52%
. HA? — bbbb H°/A mass 902.4/902.6 0.3%
30 HeavyHiges pop | : H*mass 9063 0.3%
e 4 DD ¢ mass 560.8 0.1%
HRHR 7 1R X1Xd Pmass 3578 0.1%
¢ mass 558.1 0.1%
1.4 Sleptons eiss sete—40%70 111
P CRER 7M€ A1k % mass 357.1 0.1%
~ ...om o+ _ £ mass 644.3 2.5%
VeVe  Xikie e WIW TEmass  487.6 27%
1.4 Stau T — 1:+*r‘xulxnl I T, mass 517 2.0%
Chargino i‘ﬁc‘f — x,x,w W- % mass 487 0.2%
1.4 : 0705 111
Neutralino %2x7 —h/Z%h/Z%% %> mass 487 0.1%

® N.Nikngpopov, 30 Maiov 2016
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Sensitivity to Higgs Partners

Higgs partners BSM & accessible up to Vs/2

Example MSSM benchmark study at 3 TeV, 2
ab-! .

* e'e- 9HA 5bbbb

* e‘e >H'H >tbbt

Complex final states

(H, Aand H+ almost degenerate in mass)

cé ﬁmnz_ CLIC ~+-Ha E G
ALY N L 3 TeV []HH N o
P “"‘1[}[]_— WW - -~
i 8'F HA g |] 8
1% = 80 =
32 5 F S
285 60
cg L -

AE _
€23 207 :
=t 00 800 1000 1200 1400
sz Di-Jet Invariant Mass (GeV/c?)

600

result: Am/m=0.3%

® N.Niknpopov, 30 Maiov 2016

BUD

1GDD

1200 _14D0
Di-Jet Invariant Mass (GeV/c?)

dlh.ys




Composite Higgs Bosons

1E| :
allowed E LHC: WW scattering and
region 0.5 strong double Higgs
EW precision I production
tests 0.2
' LHC: single Higgs processes
0.1
0. EIEE 1 | CLIC: double Higgs
& - CLIC Double Higgs | production via vector boson
I 1 fusion
0.0
dimensionless
scale .01k
parameter, C
measures 0.008
strength of Higgs
interactions i
Fn

m, in T@V vector resonance mass of the composite
theory

Allows to probe Higgs compositeness at the 30 TeV scale for 1 ab! at 3 TeV
(70 TeV scale if combined with single Higgs production)

® N.Nikngpopov, 30 Maiov 2016 @B ®7/6



Precision Studies of ete'—=p*y

— 80
% = A4 15=3000 g’Y=U.65 g’ngﬂ.Eﬁ A F5=1400 g'Yzﬂ.SE g’ELzﬂ.Sﬁ -
Minimal anomaly-free Z' model = [ ¢ 00000,06 o 1600500, 065 ]
] f I= - = (5=3000Q" <0650’ =0 o (5=1400¢’ =065 g’ =0 -
Qs = gy (Yy) + 8'5.(B-L); = 60 - 4 (530009 -065g =065 s (5=1400g ~065g =065 —
(charge of SM fermions under U(1)’ E - ' -
symmetry) 3 [ CLiCdp I
o B -
L 40 —
T i -
o
Observables: © T —%
» Total efe — 'y cross section = 0l — a
— .-_-_-_________________-_ —
e Forward-backward asymmetry I - 4
¢ Left-right asymmetry - . . ]
(with +80% e polarisation) o L L
200 400 600 800 1000

If LHC discovers Z' Integrated luminosity [fb]

(e.g.for M, = 5 TeV)
Precision measurement of effective couplings

Otherwise:
Discovery reach up to tens of TeV (depending on the couplings)

® N.Nwkndopou, 30 Maiou 2016 m e//



CLIC_ILD and CLIC_SiD

For the CLIC CDR (2012):
Two general-purpose CLIC detector concepts

Based on initial ILC concepts (ILD and SiD)
Optimized and adapted to CLIC conditions

CLIC_ILD CLIC_SiD

7 m

v ___._——l. -«
® N.Nikngpopov, 30 Maiov 2016




Cost Estimate of the CDR Models

Table 5.4: Value estimate of the CLIC detectors.

CLIC_ILD CLIC_SiD
(MCHEF) (MCHF)

Vertex 13 15
Tracker 51 17
Electromagnetic calorimeter 197 89
Hadronic calorimeter 144 86
Muon system 28 22
Coil and voke 117 123
Other 11 12
Total (rounded) 560 360

Cost [MCHF]

Vertex

Tracker

E.m. calorimeter
Had. calorimeter
Muon system
Coll and yoke
Other

50100 150 200

® N.Nikngpopov, 30 Maiov 2016

CLIC_ILD

Fig. 5.9: Cost structure

Cost [MCHF]

0 50 100 150 200

Vertex

Tracker

E.m. calorimeter
Had. calorimeter
Muon system
Coil and yoke
Other

cLIC_SD

of the CLIC detectors.

Sl .1



General Requirements on Detector
Technologies

e CLIC conditions = impact on detector technologies:

o High tracker occupancies = need small cell sizes (beyond what is
needed for resolution)

e Small vertex pixels
 Large pixels / short strips in the tracker

o Background suppression
* Need high-granularity calorimetry
* 1 ns accuracy for calorimeter hits

* ~10 ns hit time-stamping in tracking
o Low duty cycle
* Triggerless readout
* Allows for power pulsing
o less mass and high precision in tracking
o high density for calorimetry

® N.Niknpopov, 30 Maiov 2016 m ® 30



Comparison CLIC/LHC Detector

In a nutshell:

CLIC detector:

*High precision:
*Jet energy resolution
=> fine-grained calorimetry
*Momentum resolution
sImpact parameter resolution

*Overlapping beam-induced background:
*High background rates, medium energies
*High occupancies
*Cannot use vertex separation
*Need very precise timing (1ns, 10ns)

*“No” issue of radiation damage (104 LHC)
*Except small forward calorimeters

*Beam crossings “sporadic”

*No trigger, read-out of full 156 ns train

® N.Niknpopov, 30 Maiov 2016

LHC detector:

*Medium-high precision:
*Very precise ECAL (CMS)
*Very precise muon tracking (ATLAS)

*Overlapping minimum-bias events:
*High background rates, high energies
*High occupancies
*Can use vertex separation in z
*Need precise time-stamping (25 ns)

*Severe challenge of radiation damage

*Continuous beam crossings

*Trigger has to achieve huge data reduction

‘ho81



Hybrid Vertex Detector with HV-CMOS

Pursuing an alternative readout option

Hybrid option with High Voltage-CMOS:

Capacitive Coupled Pixel Detector (CCPD)

« HV-CMOS chip as integrated sensor +
amplifier

* Capacitive coupling to CLICpix readout chip
through layer of glue =no bump bonding o-well

digital part

CLICpix
Counters / Conf / Readout

glue (~a few pm)

Status: successful initial beam tests in 2014
Further beam tests in 2015 and 2016

Threshold approximation

~2000 & ~1000 &
? ln[) T T T E T T T T T 1. B E' T T

¥ C : .o - —
> 98F o T~

2 ~ L

= L i i P

2 i ) ! : § »

g 9 s P PR

pa § : ' 1 9

] = Sy

m

RNE P
¢ Bias 60 V ] HV
Egan.Nmnm(j@oo, 3andaiov 20160 1150
Threshold [DAC code]

90

- - - = =
94 S A "':ﬁm :

! [ E ‘NMOS PMOS

n-well

deep n-well

~10um - depleted volume

p-substrate

2.8 mm

CLICpix,
AC coupled

2.3 mm

CCPDV3 82




Ultimate aim:

* 50 um sensor on 50 pm ASIC
+ Slim-edge sensors
* Through-Silicon Vias (TSV)

* eliminates need for wire bonds

4-side buttable chip/sensor assemblie
 large active surfaces => less material

50 pm thin sensor on Timepix
tested at test beam !

® N.Nikngpopov, 30 Maiov 2016

C04-WO110 Octl3

oy

1

Medipix3RX with

0.995
099
0.985

0.955
Lol

50 um thin
sensor

TSV

- /T A TTCTT

Preliminary

380

300 395

i T T T A
400 405 410 415

99.2% etf. at operating threshold

Threshold First successful picture
using Medipix3RX with

T -



CLIC Vertex Detector R&D Roadmap

Hybrid approach pursued: (<= other options possible) CLICpix demonstrator ASIC
* Thin (~50 um) silicon sensors 64x64 pixels, fully functional
* Thinned high-density readout ASIC (50 um) * 65 nm technology

* R&D within Medipix/Timepix effort « 25x25 um? pixels
* Low-mass interconnect * 4-bit ToA and ToT info
« Power pulsing « Data compression
* Air cooling * Pulsed power: 50 mW/cm?

EO um dummy acam assembly with 50 um sensor‘

‘ﬁ’l

.lcl'g:mm"‘“%\\\}\ 3\ Q\\ﬁ\\\\\\\!\ N

Very thin sensors !
Successfully tested at DESY test beam
(with existing Timepix ASIC)

2076 SEITRET .



R&D on Scintillator+SiPM

Z-positioning of
electron gun —» |
' DAQ to other
laboratory room

Electron gun

X,Y-positioning
of scintillator tile

Scintillator Tile with
mounted SiPM

P

. H P
4 X,Y-posit/idﬁihg
of trigger

e Also have a dedicated lab at CERN for Scintillator
+ Silicon PhotoMultiplier testing

* Test bench: electron gun, Device Under Test on
, trigger scintillators, read-out

electronics

« Study response, uniformity, noise, cross-talk, ... 20 190 SUE g(o[mmsio

® N.Nikngpopov, 30 Maiov 2016 m e85
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Forward Calorimetr

R&D performed within the FCAL collaboration

2 forward calorimeters:

® LumiCal + BeamCal

® Electron / photon acceptance to small angles
® Luminosity measurement

® Beam feedback

Absorbers: tungsten, 40 layers of 1 X,
Sensors: BeamCal GaAs, LumiCal silicon

Angular coverage:
BeamCal 10 - 40 mrad, LumiCal 38 — 110 mrad
Doses up to 1 MGy
Neutron fluxes of up to 10'* per year

oo a¢!

C,O\\i 669&3 '




Magnet System Layout

a | | —Bz with RCs

35 - | ‘ —Bz with no RC

B-field component (T)
N

Ring coils 4

0.5
0 !
Tracker o $
___________________________________________________________ Z-coordinate (m)
Quarter view of the magnet B-field axial component with and
system with “thin” yoke Endcaps without end coils as function of z
Note 4 concentric ring end coils in Use the end coils to compensate for
blue thin endcaps
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What is detector description

Description of a
tree-like hierarchy of
“detector elements”

o Subdetectors or

parts of subdetectors

Detector Element describes

o Geometry

o Environmental conditions

o Properties required
to process event data

o Extensions (optionally):
experiment, sub-detector or
activity specific data,
measurement surfaces, ...

® N.Nikngpopov, 30 Maiov 2016

/Detector/

Vertex

Tracker

=

e

% Ladder H Module

> EndA%Sectorli

> EndB oo

Geometry
Alignment
Conditions
Readout |
Visualization |
Subdet. data |

|
|
|
|
|
[

'Reconstr. data)
M. Frank

G




Geometry Implementation

Subdetector
Hierarchy (Tree)

0..

[ Detectors ]
n ¥

—[ DetectorElement

children 1..n detector: 1

* .
o ot
*0,s*
.

placements: 0...1

*
.
.
o .*
“
.

L]
......

M. Frank

Alighment

*
*
04 & J

1
o*
.
o*
.
o
.
----------

il
......
"

Conditions

Readout

y

Subdetector status
(conditions)

j——[Segmentation}

Visualization

visattr: O...

1

volume: 1

Ve

PlacedVolume W
[TGeoNode] |

transform: 1

[ [TGeoMatrix] ]

GDML
content

(&

LogicalVolume

—[ Material ]

-

Envelope
[TGeoShape]

Geometry

[ [TGeoBox] ][ [TGeoCone]]

[ [TGeoTube] ]

J
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Current DD4hep toolkit users

F. Gaede et al., ported complete model ILD_o1_v05
ILD from previous simulation framework (Mokka) v 4
New detector model being implemented after CDR,
CLICdP geometry under optimization 4 v
FC AL Testbeam simulation v v
FCC-eh P. Kostka et al. v v
FCC-hh A. Salzburger et al. v
- Interest expressed, already used in studies
ee p y
1 Decision to use DD4hep taken at LCWS 2015
1 %
C ALICE Started
LHCb Investigations started for LHCb upgrade

Feedback from users is invaluable and helps shaping DD4hep!

® N.Nikngpopov, 30 Maiov 2016
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for (xml_coll_t c(x_det, Ullayer)); c; ++c) {

xml comp t x

int repeat =
const Layer®*
// Loop over
for (int j =

layer = c;

x_layer.repeat(); // Get number of times to repeat this layer.

lay = layering.layer(layer num - 1}; // Get the layer from the layering engine.
repeats for this layer.

0; j = repeat; j++) {

string layer name = toString(layer num, "layersd");
double layer_ thickness = lay-=>thickness();
DetElement layer(stave, layer _name, layer_num);
DDRec: :LayeredCalorimeterData: :Layer caloLayer ;
// Layer position in Z within the stave.
layer_pos_z += layer_thickness ; 2;
// Layer box & wvolume
Volume layer wvol(layer_name, Box({layer dim x, detZ ; 2, layer_ thickness / 2), air);

// Create the slices (sublayers) within the layer.
double slice pos_z = -{layer_thickness / 2);

int slice number = 1;

double totalAbsorberThickness=0.;

for (xml coll t ki(x layer, Ulslice)); k; ++k) {
xml_comp_t x slice = k;
string slice name = toString(slice number, "slice%d");
double slice thickness = x slice.thickness()
Material slice material = lcdd.materialix slice.materialStr()]};
DetElement slice(layer, slice name, slice number);

slice pos_z += slice thickness / Z;
/f Slice volume & box

Volume slice_vol{slice_name, Box({layer_dim _x, detZ / 2, slice_thickness / 2), slice_material);

if (x _slice.isSensitive()) {
sens.setType("calorimeter™);
slice wvol.setSensitiveDetector(sens);

I

// Set region, limitset, and wvis.

slice vol.setAttributes(lcdd, x slice.regionStr(), x slice.limitsStr(), x slice.visStri{))};

/f slice PlacedVolume

PlacedVolume slice phv = layer_vol.placeVolume(slice_vol, Position(®, @, slice_pos_z));

slice.setPlacement(slice phv);

// Increment Z position for next slice.
slice pos_z += slice thickness / Z;

// Increment slice number.

++slice number;

® N.Nikngpopov, 30 Maiov 2016

Example HCal
Barrel Driver

* Always within a function
called

static Ref t

create_detector (LCDD&
, xml h e,

SensitiveDetector

) A

return sdet;

}

e Macro to declare detector

constructor at the end:

DECLARE_DETELEMENT (HCa
1Barrel_ol_ve1l,
create_detector)

Gl



Driver flexibility

» SiD model example part of DD4hep
package (right)

» Quick-n-dirty HCal stack below
created from driver above in 1 min!

» No code recompilation

» Just modified compact xml file

» Comment out includes of all other subdetectors

» Leave just HCal Endcap for which I change symmetry from 8 to
4, set “outer radius” to 30 cm, “inner radius” to 0 and turn off
reflection about the IP

- » Obtain a simplified model to use for material response studies
HCal stack along
z-axis (60 layers of

steel interleaved

| 11

SiD-like model
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DDG4 configuration

« DDGA4 is highly modular

* Easy to configure, especially if one uses the python
dictionaries

* Configure actions, filters, sequences, cuts, ...

part = DDG4.GeneratorAction(kernel,
"Geant4ParticleHandler/ParticleHandler")

kernel.generatorAction().adopt(part)

part.SaveProcesses = [ 'Decay']

part.MinimalKineticEnergy = 1*MeV

part.KeepAllParticles = False

user = DDG4.GeneratorAction(kernel,
"Geant4TCUserParticleHandler/UserParticleHandler")

user.TrackingVolume_Zmax = DDG4.tracker_region_zmax

user.TrackingVolume_Rmax = DDG4.tracker_region_rmax
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ddsim executable

* Python executable with many command-line argument
configuration options

o Configure most useful and common user options in the command line

o Even supports tab-completion of arguments and their options! (A.
ddsim —h Sailer)

usage: Running DD4hep Simulations: [-h] [--steeringFile STEERINGFILE]
[--compactFile COMPACTFILE] [--runType {batch,vis,run,shell}]

[inputFiles INPUTFILES [INPUTFILES ...]] [--outputFile OUTPUTFILE] [-v PRINTLEVEL]

[--numberOfEvents NUMBEROFEVENTS] [--skipNEvents SKIPNEVENTS] .
[--physicsList PHYSICSLIST] [-crossingAngleBoost CROSSINGANGLEBOOST] Continuously
[-

-vertexSigma VERTEXSIGMA VERTEXSIGMA VERTEXSIGMA VERTEXSIGMA] . .
[--vertexOffset VERTEXOFFSET VERTEXOFFSET VERTEXOFFSET VERTEXOFFSET] 1mplementmg THOZ
[--macroFile MACROFILE] [--enableGun] Opthl’lS!
[--enableDetailedShowerMode]

e (Calls Python library which is also modular and even more
configurable (more advanced)

o Users can write applications using DDG4

AR
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Simulating single muons with DDSim

We can validate the tool by using single particles

Looking for example at deposited energy per hit in the HCal

4 — Simulated 10 GeV u~, uniform in ¢
2 10* . . . .
P e N | Fit to a single Landau Distribution
S [\ — Fit to a sum of two Landau
SRY Distributions
§
10° = j \1"':.
A
N T
-
““-—.
\.“-‘_\
10° h\"\.\.x.
| 'H:____H\H“l |
10 : Second MIP from secondaries E
(from MC truth history)
0 500 1000 1500 2000 2500 3000

E [keV]
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Detector optimization with DDSim

» Can have a larger more
detailed MC Particle Truth

T T T 17
DDSim

25 GeV K{ in W HCal Stack

Record by 1ncrea81ng {g _E_ Geant4 10.01 QGSP_BERT_HP _?
“Tracking Region”, lowering ¢ * £ E
energy CutS %. 10—32_ —_— Gontrib;.ltiong‘. Erom all _2

» E.g. expanded region to 107 [ Conrons o o o s E
include calorimeters CE E
10"6_5 =

» Track provenance of every hit ,,-f CLICdp Work In Progress -
contribution in the hadronic 10

shower 107

» Try to understand timingin _ os
Fe/W g5

0

0
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Detector optlmlzatlon w1th DDSI

25

» Control over sensitive detectOF

actions 20
» E.g. Use a tracker action that 15}

combines all interactions in the
Silicon as one SimTrackerHit

» Use muon tracks to count hit

coverage w.r.t. angle 0b—

» NB: For physics events reconstruction probably will not be

R. Slmomello

10}

5

Vertex Barrel
— Vertex Endcap

Inner Tracker Barrel
—— Inner Tracker Endcap T

Outer Tracker Barrel
—— Outer Tracker Endcap™|
—— Total ]

10 20 30 40

combining the hits in simulation [this will probably stay as the

default tracker action]
» Combine hits in the Digitization stage

» Already simulating Z — uds and tt events up to 3 TeV to aid
with Det. Optimization and Reconstruction software

development
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Geant4 material scan ~% | Pt
or /’\
» Can request a Geant4 Ul to | A N
interact with G4 Kernel - s

» csh-like, or Qt-based GUI

» Access to whatever Geant4
modules are loaded

o . . . 0_""""""'IIIIII‘I'|||||||||||||
» E.g. material scan, visualization, ..** & 7 e s 4 a2 =20 0 o]

» G4 Material scan can be restricted to regions
» /control/matScan/region CalorimeterRegion

» It's nice that in DD4hep regions can be defined and
assigned to detectors trivially in the xml regardless ot
their shape

<detector id="DetlD_HCAL_Barrel" name="HCalBarrel" type="HCalBarrel_o1_v01“ readout="HCalBarrelHits" vis="HCALVis"
region="CalorimeterRegion" >

</detector>
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DDMarlinPandora

 Developed a package to interface geometry with Particle flow
reconstruction (provided by PandoraPFA)

* DD4hep (with DDRec) as single source of information
o No material or other geometry info in processor parameters
* Not tied to specific detector geometry
o Detectors accessed by type flags (no strings!)

Auxiliary classes

DDMCParticleCreator

Pandora

SDK DDPandoraPFANew DIDiPiieCReE ol

(Particle flow Processor DDGeometryCreator

econstruction P DDCaloHitCreator

_ | B : R DDTrackCreatorBase
Marlin Steering File (reconstruction \ IZ"//
configuration) \ s’ ¢
DDPandoraPFANewProcessor parameters: N ,Z:’/ —> DDTrackCreatorCLIC
- Pandora Settings N\ v OR
* Collection names
. Calibration constants and cuts _# DDTrackCreatorILD

TrackCreator algorithm J LCDD instance

in Marlin
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Event Simulated, Reconstructed and Visualized Fully with

ILD ol v@5 model
implemented in DD4hep

Z — uds event at /s = 500 GeV
simulated in DDSim

Tracks reconstructed using
DDSurfaces

PFOs from DDMarlinPandora
using the DDRec data structures

Event display from the CED
viewer interfaced with DD4hep

» Also uses DDRec and DDSurfaces
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