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Introduction

CLIC Conceptual Design Report (CDR)

Volume 1 A Multi-TeV Linear Collider based on CLIC
Technology: CLIC Conceptual Design Report

Volume 2  Physics and Detectors at CLIC:
CLIC Conceptual Design Report

Volume 3 The CLIC Programme: towards a staged e"e™
Linear Collider exploring the Terascale

cern edms

arXiv:1202.5940

arXiv:1209.2543

Input to the European strategy for particle physics

(September 2012, Krakow, Poland)

From the CLIC group: CLIC et e~ Linear Collider Studies arXiv:1208 1402

From the Linear Collider The Physics Case for an eTe™ S
community (ILC and CLIC):  Linear Collider

Angela Lucaci-Timoce
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https://edms.cern.ch/document/1234244/
http://arxiv.org/abs/1202.5940
http://arxiv.org/abs/1209.2543
http://arxiv.org/abs/1208.1402
http://arxiv.org/abs/1210.0202

CLIC acceleration scheme

@ Novel two-beam acceleration with normal conducting copper cavities at high
frequency (12 GHz) and high accelerating fields (100 MV/m)
— demonstrated in a dedicated test facility, CTF3, at CERN
(details in Volume 1)

@ Main beam: consists of the colliding et /e~ beams

@ Drive beam: runs parallel to the
main beam
@ consists of a high intensity
electron beam which generates
the RF power necessary for
acceleration

Drive beam

SY FCAL collaboration workshop, November 2012, CERN
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CLIC module

@ Basic building block of the main beam: CLIC module

@ Length: 2 m (small for reasons of alignment and stability)

@ Design might change, but it already has all the necessary ingredients
(accelerator structures, supports, quadrupoles, cooling, etc.)

ACC.STRUCTURE  COOLING COMPACT VACUUM MB
VACUUM (BRAZED DISKS) CIRCUIT  LOAD ION PUMP  QUAD STABILIZATION

MANIFOLDS R > UNIT

DB
100 A
GIRDER
ALIGNMENT PETS ON-OFF
SYSTEM  DBQUADRUPOLE | [ VAC.RESERVOIR SUPPORT | MECHANISM
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CLIC energy staging (1)

@ CLIC ultimate goal: explore physics up to the TeV scale
@ direct searches for production of new particles
@ sensitivity to effects of new physics via precision measurements

@ CLIC can be operated in energy stages, from a few hundred GeV to the
maximum 3 TeV centre-of-mass energy

@ Advantages:
o allows to have first physics results
earlier (top quark physics, Higgs 3 TeV

sector) /
o discovery potential over a wide 905
range of energies <500 Ge! V\Q\NQ\(\\J

o precision measurements of possible SM physics
new states previously discovered at (top, Higgs)
LHC

@ stretches the budget

= CLIC operation in stages maximises the physics potential
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CLIC energy staging (paranthesis)

@ Can we start with the 3 TeV design and go to low energies?

@ To reduce the collision energy significantly, the drive beam current needs to

be reduced
i : 1 — :
@ It is possible, but reduces 0 || ® scenario A
the luminosity considerably 0'8 L 'HSCV?”?V”O”B
0.7

@ Can be partially recovered
by an intelligent use of the
drive beam generation
complex (pulse length,

Lo.01/L0.01,0
o
(6]

0.3 9
etc.) but not enough :
) but n & 0.2 ol T o= 5Ty
= a retuning of the 0.1 [-:p* ... nominal settings g
.. £ . ' lwith modifications - - a— -
machine is necessary to 0 ‘ : ‘ i
0.5 1 15 2 25 3

optimise the luminosity JSTev]
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CLIC energy staging (3)

@ The optimal choice of the actual energy stages will depend on the physics
scenario, driven by 8 TeV + 14 TeV LHC results J

@ Next: present 2 examples of possible staging scenarios (from CLIC CDR
volume 3)

9 scenario A: optimised for luminosity at 500 GeV

@ scenario B: cost optimised for the total project cost

@ Both scenarios:

o consist of 3 stages (first at 500 GeV, second at 1.4/1.5 TeV, and the third
stage at 3 TeV)

o first the tunnel for the 500 GeV stage is built and the machine installed

@ while operating at 500 GeV, continue construction to full length

Angela Lucaci-Timoce 215% FCAL collaboration workshop, November 2012, CERN




Staging scenario A

@ Scenario optimised for luminosity at 500 GeV

@ Upgrade sketch: couloured lines indicate the required movement of sectors
from one stage to the next

drive beam ——,
I detector g w—— 4%%* 500 GeV
mm Beam Delivery System S L=1.87 km
== accelerator 100 MV/m ——— '

_—
_——

accelerator 80 MV/m
- ?%é- 1.4 TeV

L=2.75 km

Wm 3Tev

L=2.75 km

@ Stage 3: replacing the 80 MV /m structures with 100 MV /m ones allows to
reach 3 TeV
o Alternatively, one could keep the 80 MV /m structures, resulting in 2.9 TeV
only
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Staging scenario B

@ Cost optimised for the total project cost

@ Upgrade sketch: couloured lines indicate the required movement of sectors

from one stage to the next
drive beam —

I detector main beam Safiaiabuimll 500 GeV
mm Beam Delivery System L=1.87 km
== accelerator 100 MV/m :
Cwé- 1.5TeV
L=2.75 km
CW 3TeV
L=2.75 km

4

@ Stage 1: high gradient structures used (100 MV/m), but only approximately
half the luminosity compared to the same stage of scenario A
@ luminosity could be increased by increasing the repetition rate of the whole
complex, or by generating a longer drive beam pulse =- needs further
investigation

@ Stage 2: uses a design for the beam delivery system scaled down from 3 TeV

@ This scenario can re-use all structures up to 3 TeV

Angela Lucaci-Timoce 215% FCAL collaboration workshop, November 2012, CERN



Some parameters of the CLIC staging scenarios

@ Red: scenario A (optimised for luminosity at 500 GeV)

@ Blue: scenario B (cost optimised for the total project cost)

. Stages
Parameter Symbol  Unit 1 5 3
Centre-of-mass energy Vs GeV 500 1400/1500 3000
Repetition frequency frep Hz 50 50 50
Number of bunches per train  ny 354/312 312 312
Bunch separation Ay ns 0.5 0.5 0.5
Total luminosity L 10% ecm—2s~!  2.3/1.3  3.2/3.7 5.9
Luminosity above 99% of /s Lo.01 10% em—2s~!  1.4/07 1.3/1.4 2
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Integrated luminosity

F|rsl stage Iummosny optl mised (scenarloA)

o T
o] Integrated Iumlnosny ]
. 3000 —_— Total .
= [ — 1% peak 1
e [ 0.5 Tev 1.4 Tev 3Tev
'E 2000 a
=
3
< 1000 ]
o> L
&J L
= L
— 0 1 1

0 5 10 15 20

Year

@ Based on 200 days/year at
50% efficiency (accelerator
+ data taking combined)

Low entry cost (scenario B)

g L L S B
e Integrated luminosity ]
<. 3000 —_— Total .
£ — 1% peak i
e 05Tev | 15Tev | 3Tev
'S 2000 5
3
3
% 1000 .
o> i
9 L
= i
— 0 1 1 1

0 5 10 15 20

Year

Vs Integrated £ (goal)
0.5 TeV 500 fb—1!
1.4/1.5 TeV 1500 fb—1!
3 TeV 2000 fb—1

@ First stage takes 2 years longer in scenario B, but second stage is 1 year
shorter = total difference between scenarios A and B is only 1 year

Angela Lucaci-Timoce
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Estimates of energy consumption

@ Assume 150 days per year of normal operation at nominal power

@ Total energy consumption in the years of
running at 500 GeV:
5 TWh scenario A, 6 TWh scenario B @ Annual electricity
consumption at CERN
25 First stage luminosity optimised (scenario A) source
= 2.0[ T T T
8 fosTev 14Tev 3Tev
= L
— 2F
c “r
o [
= 15F
=
E
- l:l_'_'_.—
[
GC) 05F BN Basic consumption
] Proton Synchrotron Complex  35%
Super Proton Synchrotron
0 | | L N Large Hadron Collider
0 5 10 15 20
Year

@ Several paths for saving power/energy have been identified and are under
investigations
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Cost estimates of the CLIC accelerator

o Calculated for the 500 GeV stage of CLIC, in Swiss francs (CHF)
— including all industrial contracts

@ Further stages will be the object of separate upgrade projects
(4 MCHF/GeV to go from stage 1 to stage 2 in scenario B)

Machine control
& operational infrastructure

- Civil engineering
& services

I 'nteraction region

Scenario Accelerator cost

500 GeV A 830015520 MCHF
500 GeV B 7400700 MCHF

- Two-beam accelerators

I Drive beam production

[ Main beam production

@ Cost of LHC machine:
4600 MCHF =i

Value estimates [MCHFx10%]

05TeVA 05TevB

@ There are over 100 billionaires on the (“Feesist) that worth each alone more
than 8300 MCHF
@ Large economic value of basic research (. seurce
@ devices and techniques to do basic research which find other applications
(e.g. crystal detectors in medical imaging)
o www (invented at CERN) generates 5% of the sales of large companies

Angela Lucaci-Timoce 215% FCAL collaboration workshop, November 2012, CERN
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Labour estimates for accelerator construction

@ Expressed in FTE (full time equivalent): number of working hours per year
@ Derived from LHC experience: ~1.9 FTE - year/MCHF

Scenario Labour estimate

500 GeV A 15700 FTE - year
500 GeV B 14100 FTE - year

@ CERN + other scientific universities staff:

@ 40% scientific and engineering personnel
@ 60% technical and execution

@ Similar number for the two options, although costs are different

Angela Lucaci-Timoce 215% FCAL collaboration workshop, November 2012, CERN




Possible site for CLIC

@ Example of CLIC implementation underground near CERN

R T

‘f Legend

e CERN existing LHC
Potential underground siting :

CLIC 500 Gev
CLIC1.5TeV
CLIC 3 TeV

Jura Mouyntains

o

@ The site specifications do not constrain the implementation to this location
@ Final site authorisations to be established during the Project Preparation
Phase (2017-2022)

Angela Lucaci-Timoce
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Overview of a CLIC detector concept

complex forward
region with final
beam focusing

return yoke witl
instrumentation
for muon ID

4Tand5T
strong solenoids$

fine grained (PFA)
calorimetry,
1+ 7.5

main trackers: ultra low—-mass
TPC+silicon (CLIC_ILD) vertex detector

all-silicon (CLIC_SiD) \I{)vii)t(gEZSxZSumz
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CLIC detector concepts

CLIC_ILD CLIC_SiD

Fe Yoke

Steel HCAL

CLIC_ILD CLICSiD
Tracker  TPC, silicon Silicon @ Calorimeters: other options
HCAL Scintillator ~ Glass RPC under consideration

Solenoid 4T 5T

Angela Lucaci-Timoce 215" FCAL collaboration workshop, November 2012, CERN



Cost estimates of CLIC detectors

CLICILD CLIC.SiD
560 MCHF 360 MCHF

Cost [MCHF] Cost [MCHF]
0 50 100 150 200 0 50 100 150 200

@ 30% accuracy

Vertex Vertex

Tracker Tracker
E.m. calorimeter E.m. calorimeter
Had. calorimeter Had. calorimeter
Muon system Muon system

Coil and yoke Coil and yoke

Other Other
CLIC_ILD

@ 35% of the cost driven by ECAL:

o larger size due to TPC @ . .
o price of Si wafers = could be @ 34% of the cost driven by coil and

optimised with a hybrid ECAL yoke (5 T field + shielding)
(Si + scintillator)

CLIC_SiD
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Results of benchmark studies

@ Benchmark studies:
detector performance studies using specific physics processes

@ Studies performed using detailed GEANT4 simulations

@ Realistic experimental conditions:
@ luminosity spectrum at the different collision energies

@ overlay of pile-up from v+ —hadrons background events taking into account
the time structure of the CLIC beams

@ Full event reconstruction (tracking, application of particle flow algorithms
with timings cuts and flavour tagging)

NG Integrated luminosity
350/500 GeV 500 fb~!

1.4 TeV 1.5 ab7!

3 TeV 2 ab?!

Angela Lucaci-Timoce 215% FCAL collaboration workshop, November 2012, CERN



Higgs production at CLIC

o my =125 GeV

g F Hv/v// Higgs-strahlung
X'y /H/e,e/J/df @ Can measure Higgs from the Z
(TS 4 recoil mass (model independent
5 L Hz 3 measurement)
] z
10" ' HHZ 3 e
] zZ
eyn | | ! A
1075 1000 2000 3000 € il )
Is [GeV]
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Higgs production at a linear collider

@ Higgs cross-sections for Higgs-strahlung and WW-fusion for my = 125 GeV

arXiv:1209.2543

250 GeV 350 GeV 500 GeV 1 TeV 1.5 TeV 3 TeV
o(ete™ — ZH) 240 b 129 fb 57 fb 13 fb 6 fb 1b
olete™ — Huve.) 8fb 30 fb 75 fb 210 fb 309 b 484 fb
Int. £ 250 fb~! 350 fb~! 500 fb~! 1000 fb~! 1500 fb~! 2000 fb~!
# ZH events 60000 45500 28500 13000 7500 2000
# Huele 2000 10500 37500 210000 460000 970000

@ = Can do complementary Higgs measurements by accessing a wide energy
range

@ CLIC Higgs studies done for my = 120 GeV because they started before LHC
announcement of the discovery of a Higgs-like particle J

Angela Lucaci-Timoce 215% FCAL collaboration workshop, November 2012, CERN
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Results of Higgs benchmark studies (my = 120 GeV)

v/s =500 GeV
9 Recoil mass distribution in @ Recoil mass measurement cannot
ete™ — ZH — ptpu= X be done, too large uncertainties
(reduced momentum resolution of
2 "nputtoml higher lepton energy, decreasing
L2501 — Fitted total E a(ZH))
w [ — Fitted signal ] | - | H
200 ---Fitted background | = explicitely reconstruct Higgs

from 2 quarks decays:
ete” — ZH — vibqq

T T T
—+ Input total

2
c
2800 — Fitted total
ot 160 - ‘1\50‘ n o L b — Fitted signal 1
600 ---Fitted background —{
Mrecoil [Ge\/] [ ]

@ Possible due to clearly defined :
initial state (not possible at LHC) 2001

@ Mass and cross-section extracted
from fit of recoil mass

. .

100 120 140 160 180 200
) M, [GeV]
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Results of Higgs benchmark studies (my = 120 GeV)

s Process Decay Measured Unit Generator  Stat. Comment
(GeV) mode quantity value error
o fb 4.9 4.9% Model
350 ZH TuTX
TR Mass GeV 120 0.131 independent,
using Z-recoil
SM Higgs ox BR fb 34.4 1.6% ZH — q4qq
500 ZH qqq
production = R Mass GeV 120 0.100 mass
reconstruction
500 ZH, Hvo ox BR fb 80.7 1.0% Inclusive
— vqq Mass GeV 120 0.100 sample
1400 H— ttr— 19.8 <3.7%
ww H — bb ox BR fb 285 0.22%
3000 fusion H — cc 13 3.2%
H— ptp 0.12 15.7%
Higgs
1400 ww tri-linear ~20% study still
3000 fusion coupling ~20% ongoing
8HHH

= CLIC enables a detailed exploration of the Higgs sector in various processes
over the full energy range of the CLIC programme

Angela Lucaci-Timoce > FCAL collaboration workshop, November 2012, CERN




Results of top quark studies

@ Top quark: interesting because it most strongly couples to the Higgs field,
and may provide sensitivity to beyond Standard Model physics

@ Measurement of top quark mass:
@ through direct reconstruction of top quarks from their products at energies
above the production thresholds — potentially significant theoretical
uncertainties

@ through a scan of top-pair production threshold — theoretically well defined
scheme

Top threshold scan

g 0.8 L {f threshold - 1s mass 174.0 GeV i Um d
‘T [ —TOPPIKNNLO +CLIC350BS +ISR | F o B
S [ 1 simulated data: 10 th¥point ] 0.120 9 4
© 0.6 - — top mass + 200 MeV N [ 1
3 [ 1
"(;: [ ] 0.118 eV; 0.1179] |
g 0.4r1 b ]
G 1 ]
0.2 7 0.116 -
L Il L 1 L Il Il ]

345 350 355 173.95 174.00 174.05
Is [GeV] top mass [GeV]
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Results of top quark studies

Guy Temiwe  bomred memeed 17 gy S S

Mass 6 x 10 GeV 174 0.021

350 Threshold scan Mass 10 % 10 Gev 174 0033
as 0.118 0.0009

500 Invariant mass Mass 100 GeV 174 0.060
souree @ Combination of ATLAS and CMS results

source

@ Myop = 173.3 £ 0.5 (stat) £ 1.3 (syst) GeV
= CLIC can do a precise measurement of the

top quark mass in a threshold scan, as well as
above threshold

Angela Lucaci-Timoce 215" FCAL collaboration workshop, November 2012, CERN
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Supersymmetry

E 103 _ f HX ] SUSE.model n
e E i — Higgs
S .2l 1 —"tHs o SUSY model IlI:
D 10 — charginos a specific
o 10k ] — savarks mSUGRA model
7 ] —swi with non-universal
8 1— 3 — L6 0 squark masses
1 — neutralinos (compatible with
10tk _ current LHC data)
102l L LA
0 1000 2000 3000

s [GeV]
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Results of SUSY studies: slepton masses (1.4 TeV)

@ Masses determined from the upper and lower edge of the energy distribution
of reconstructed final-state leptons

@ Signal events identified by high-energy leptons

@ SM and SUSY background discrimination using a boosted decision tree based
on variables of the di-lepton system

- =t — e tom T + oot ot
0 efe” —etey —efe I8 ° e D lele>eT e XTXT —
~ ~0 ete" W+ W‘)”(‘f)"{‘l)
@ Masses of eg and X3 N
@ Masses of 7, and X3
42 E b W 2 E 5y ! o) !
F kdadit T c r Ve — €€ XX 7
4 500 E F cevy 1 g 50 F — Fit: S+B(Data)-B(MC)
w [ [ — e'e 1 1| F ]
400 [ —SUSY - e'e’ 40— 1
F ) ey~ e'e’ 1 E E
300F - B 30f E
200f 1 ] 20f :
100 E wof :
0 100 200 300 400 500 % 100 200 300
E [GeV] ) E [GeV]
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Results of SUSY benchmarks (1.4 TeV)

NG Process Decay mode SUSY Measured Unit  Gene-  Stat.

(TeV) model  quantity rator error
value

o fb 1.11 2.7%

Ahhp — pr e X0x0 £ mass GeV  560.8 0.1%

X2 mass  GeV  357.8 0.1%

1.4 Sleptons 111 o fb 5.7 1.1%

production  €ter — ete %0 £ mass GeV  558.1 0.1%

X mass  GeV 3571  0.1%

o fb 5.6 3.6%

Dele — Xoxoete - WHw— £ mass GeV 6443  2.5%

XE mass  GeV 4876 2.7%

Stau ST L 0~0 71 mass GeV 517 2.0%
L2 production "tTi T T T XiXi i o fb 2.4 7.5%
Chargino —r ~0~0 _ XEF mass  Gev 487 0.2%
» production X1 X1 — XixiW' W " o fb 153  1.3%
Neutralino 00 0 0~0~0 5(2 mass GeV 487 0.1%
production XoX2 — h/Z°h/ 27505 o fb 5.4 1.2%

o

= CLIC enables direct measurements of the properties of beyond Standard Model
particles
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Time line of the

CLIC project

2012-16 Development Phase

Develop a Project Plan for a
staged implementation in
agreement with LHC findings;
further technical developments
with industry, performance
studies for accelerator parts and
systems, as well as for detectors.

c1r3

DELAY
LooP

2016-17 Decision

On the basis of LHC data

and Project Plans (fol

CLIC and other potentia

projects), take decision

about next project(s) a
the Energy Frontier.

2017-22 Preparation Phase
Finalise implementation parameters,
Drive Beam Facility and other system
verifications, site authorisation and
preparation for industrial
procurement.

Prepare detailed Technical Proposals
for the detector-systems.

2023-2030 Construction
Phase

Stage 1 construction of a
500 GeV CLIC, in parallel with
detector construction.

Preparation for implementation
of further stages.

DL delay loop
CR  combiner ring [
TA  turnaround

TBA two-beam acceleration
= dump

048 GeV, 101 A

einjector g
025Ge, 124

2022-23 Construction Start
Ready for full construction
and main tunnel excavation.

2030 Commissioning
From 2030, becoming ready
for data-taking as the LHC
programme reaches
completion.

Angela Lucaci-Timoce
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Summary

@ CLIC conceptual design CLIC layout at 3/ TeV/
report finalised

819 klystrons 819 klystrons

15 MW, 142 ps. circumferences 15 MW, 142 ps.
ALCTEN [ | delayloop 73m Lo LSk
oM. ong drive beam accelerator CR1293m drive beam accelerator
@ CLIC accelerator feasibility zacaiToch: e e iag
25km 25km

demOnst rated w delay loop. t@ 6 delay loop

decelerator, 24 sectors of 878 m

o Developed detector wc oY S o L — LTI

Concepts Wh|ch can do A e~ main linac, 12 GHz, 100 MV/m, 21 km e mamlmac %

AY

precision physics at CLIC e sy R = |

DR damping ring

PDR predamping ring booster linac

@ Staged implementation of 0" Bnchcomrey Teotostal
interaction point. 5CT

CLIC = maximised physics = &m e ctr
potential

CLIC perspective

@ 2016-2017: choice of the next energy frontier machine
@ If CLIC: start construction 2022-2023

e injector,
286GeV.

Angela Lucaci-Timoce SY FCAL collaboration workshop, November 2012, CERN
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Staging scenario A: why luminosity optimised?

drive beam ——
[ detector o sl 500 GeV
mm Beam Delivery System — //// L-:1 87 k-m

mm accelerator 100 MV/m _———

Y Y
L=2.75 km

et 3 TeV
L=2.75 km

@ The main linac components at 500 GeV are the same as at 3 TeV and can be
re-used

@ The accelerating structures: have the same length and almost the same
input power as at 3 TeV, but a larger aperture and lower gradient
= a larger bunch charge and slightly more bunches per train
= more luminosity for the 500 GeV machine

Stages

Parameter Symbol Unit 1 5 3
Centre-of-mass energy Vs GeV 500 1400/1500 3000
Repetition frequency frep Hz 50 50 50
Number of bunches per train np 354/312 312 312
Bunch separation A ns 0.5 0.5 0.5
Total luminosity L 10* cm™2%s7!  2.3/1.3  3.2/3.7 5.9
Luminosity above 99% of /s Lo.01 10* cm™2%s™!  1.4/0.7 1.3/1.4 2

Angela Lucaci-Timoce St FCAL collaboration workshop, November 2012, CERN



Luminosity per year

First stage luminosity optimised (scenario A) Low entry cost (scenano B)

-—'1_‘ Trrrrypr T o T
£ 800 Luminosity per year ] 2 800[ Lummosnty per year h
— — Total = —_— Total
8 — 1% peak 8 — 1% peak
i‘ 6005 Tev 1.4 TeV 3Tev 3‘600 [ 05Tev 1.5 TeV 3Tev
g <
>400F - 2400 -
g gt
g 200 - g 200 =
- 0 L 1 1 1 i - 0 -_é 1 1 1
0 5 10 15 20 0 5 10 15 20
Year Year
@ Based on @ Luminosity ramp-up for scenario A:
200 days/year at 50%
o o Stage Year 1 Year2 Year3 Year4 Year5
efficiency (accelerator
+ data taking ; g%;/ 25;? 500/3/ 15%;/ 1002?
combined) and 3 5% 50% 100% 00% 100%

Angela Lucaci-Timoce
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CLIC luminosity spectrum

@ Due to intense electromagnetic interactions of the colliding beams, et /e~
may radiate a high energy photon before collision (beamstrahlung)
= the centre-of-mass energy of the e /e~ collision (v/s’) is less than the
nominal centre-of-mass energy of the machine (/s)

= luminosity spectrum with a peak at /s (for collisions with no
beamstrahlung) and a long tail towards lower energies

L [
D0.02

Z
© L
0.015}

@ For precision physics at CLIC, need
accurate determination of the 001k
luminosity spectrum

0.005}

]

0 L n n
0 1000 2000 3000
\s'[GeV]
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CLIC beam induced background

@ CLIC: high beam energy, strong beam focusing and high bunch frequency
(2 GHz) = photons are created which can interact to produce hadronic jets

@ ete™ — vy — hadrons is the & o
dominating background at CLIC

. Y
(due to large angles, mainly Hadrons
affecting the central tracking y
volumes and the calorimeters) € e
@ pr spectra of particles from @ ete™ — tt: about 20 TeV per
ete™ — vy — hadrons: mostly bunch train due to background

low pr particles

Angela Lucaci-Timoce 215% FCAL collaboration workshop, November 2012, CERN



Suppresion of beam-induced background

@ Example: ete™ — tt

@ Background can be reduced with combined pr and timing cuts

After cuts: 100 GeV ba

Angela Lucaci-Timoce 215" FCAL collaboration workshop, November 2012, CERN



PFO-based tight timing cuts

Region pT range time cut
Photons
central 1.0GeV < p7r <4.0GeV t<20ns

cosf <095 02GeV <pr<10GeV t<1.0ns
forward 1.0 GeV < p7 <4.0GeV t<20ns
cosf >0.95 0.2GeV <pr<10GeV t<1.0ns

Neutral hadrons

central 1.0 GeV < p7 <8.0GeV t<25ns
cosf <095 05GeV <pr<10GeV t<15ns
forward 1.0 GeV < p7r <80GeV t<15ns
cosf >0.95 05GeV <pr<10GeV t<1.0ns

Charged particles

all 1.0 GeV < p7r <4.0GeV t<20ns
0GeV <pr<1.0GeV t<10ns

@ Track-only minimum pr: 0.5 GeV
@ Track-only maximum time at ECAL: 10 nsec

Angela Lucaci-Timoce 215% FCAL collaboration workshop, November 2012, CERN



CLIC bunch structure

CLIC: 156 ns
—
‘ I ! 0 bunch trains per
" CLIC:50Hz, 20ms ‘ @ 50 bunch trains pe
enlarged view ILC: 5 Hz, 200 ms ILC: 199 ms gap second, occuring at

20 ms interval

0000000000000 000000A00000000
i |

CLIC: 312 bunches, 156 ns, 46.8 m g a
enlarged view ILC: 2625 bunches, 1 ms, 300 km @ 1 bunch train el of
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@ Physics events are buried inside an abundance of overlapping background

@ = Need time stamping and sophisticated pattern recognition algorithms to
disentangle physics from background
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Time window

@ CLIC detectors readout continuosly (triger-less)
@ Assume the entire bunch train of data is available for offline reconstruction

@ If an interesting physics event is within a bunch train, assume the
corresponding bunch crossing can be identified

@ Data within a time window around this time would be passed for event
reconstruction

Subdetector Reconstruction window  hit resolution
ECAL 10 ns 1ns
HCAL Endcaps 10 ns 1 ns
HCAL Barrel 100 ns 1ns
Silicon Detectors 10 ns 10/v/12 ns
TPC entire bunch train n/a

@ Time window for the reconstruction in the calorimeters drivern by shower
development times

@ Time resolution of 1 ns for single calorimeter hits allows tighter cuts at the
cluster level to further reduce the background
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ILC ILD: Higgs studies

@ Source: James E. Brau et al., The Physics Case for an eT e~ Linear Collider,
input to the European strategy
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@ CLIC: somewhat larger errors due to spread of luminosity spectrum
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ILC ILD: Top threshold

@ Source: James E. Brau et al., The Physics Case for an eT e~ Linear Collider,
input to the European strategy
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@ CLIC: comparable results (analyses not identical)
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Luminosity at lower energies

@ From D. Schulte, CLIC Staged Design, talk given at (- tews 202

@ L: total luminosity
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CLIC and CLIC modules

@ From Andreea Jeremie, Vibration Stabilization — Experimental Results, talk
at  Lcws2012
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