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CLIC and ILC, in just a few words dlh

linear collider, e*e- collisions

CLIC

*Based on superconducting RF cavities
*Gradient 32 MV/m

*Energy: from few-hundred GeV to 500
GeV, upgradable to 1 TeV: R&D has
focused on 500 GeV

*Based on 2-beam acceleration scheme
*Gradient 100 MV/m -Detector study f g " ‘
*Energy: from few-hundred GeV upgradable etector study tocused mostly on Tew-

in steps up to 3 TeV; R&D has focused on 3 hundred GeV to 500 GeV; 1 TeV studies
TeV now ongoing

«Detector study focuses on 3 TeV, lower s Luminosities: few 1034 cm-2s-"
energies under study
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2-beam acceleration scheme

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)
« current 1.2 A

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

electron main accelerator electrons positrons positron main accelerator
main beams
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CLIC accelerator complex
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CLIC physics and detector CDR

CLIC conceptual design report (CDR): e

1. Accelerator CERN sinorensonomapaton on st st
text nearly complete

2. Physics and Detectors => finished > 6!9
http://lcd.web.cern.ch/LCD/CDR/CDR.html N N

3. Strategic CDR volume (energy staging, cost, power...)
foreseen summer 2012

The main purpose of the CLIC Physics and Detector Conceptual Design Report:
 What is the CLIC physics potential ? <= talk of James Wells
 Show how the physics can be measured with good precision <= this talk

The physics & detector CDR was reviewed in October 2011:
https://edms.cern.ch/document/1172721
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CLIC CDR detector studies => who? ﬂb

CLIC physics & detector CDR studies were carried out within a broad
international Linear Collider physics and detector effort,
drawing on existing ILC (etc.) studies

¥ 36 editors
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centre-of-mass energy choice

CDR Studies:
e Majority performed at Vs = 3.0 TeV

= most challenging for beam-induced backgrounds in the detector
= yltimate physics reach

e Majority based on full Geant4 detector simulations including background

10° ' i . . 1
: GI . Model Il
¢ r tt 120 GV Higgs Higgs
- nhé
this talk 102 | sparticles —  charginos
concentrates i squarks
- SM
on 3 TeV R — v
g 10! — neutralinos
5 r—
B
3
@
although... e 10° >
v /
CLIC can be staged in energy f / ————
107 £ L
107 . . v .
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\’? (GQV)
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CLIC machine environment (1) ()

L (cm2s1) 5.9x1034
BX separation 0.5ns Drives timing
#BX / train 312 requirements
Train duration (ns) 156 for CLIC detector
Rep. rate 50 Hz
o,/ o, (nm) =45 /1 _

very small beam size
o, (um) 44

Beam related background:

et s FlE_o ‘e Pairs = Small beam profile at IP leads very high E-field
w VNN
@ @ + Beamsstrahlung v/Yt q
A ¢+ Pair-background

Beamstrahlung

¢+ yy to hadrons

*

Kaj

Y/

Lucie Linssen, PH dept. physics meeting, 23 Jan 2012 9



CLIC machine environment (2)

L L L L L
Beamstrahlung =& important energy losses 20.02- -
right at the interaction point % i )
Full luminosity: 0.015 - 3 TeV E
5.9 x 1034 cms! i vs ]
Of which in the 1% most energetic part: 0.01F energy spectrum p
2.0 x10** cm2s? -
: . 0.005 - —
Most physics processes are studied well above i
roduction threshold => profit from full luminosit I i
p p y 0 PR Ey— 4 r-——-v‘".)I L
0 1000 2000 3000

\/s' [GeV]

Coherent e*e pairs

¢+ 7 x 108 per BX, very forward
Incoherent e*e” pairs

¢+ 3 x 10° per BX, rather forward
YY~> hadrons

¢ 3.2 evts. per BX

¢ main background in calorimeters

Simplified view:

Pair background

9 * Design issue (high occupancies)
vy = hadrons

* Impacts on the physics

 Needs suppression in data
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physics aims => detector needs

Q [ T T ]
: o | i — ing .
* momentum resolution: 2 60l ZO/ZT_‘T;';?’S_
e.g. Smuon endpoint ! _ _cpT/p;:8><1O'5 ]
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i . smuon ]
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1 ) . 2 S A T B |-
* jet energy resolution: mi 007500 1000 1500 _ 2000
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D) LA L L L L WL L B L LA
9E _ 35— 5 ¢ | (forhigh- 012 § I o - 2 5%
E ' © E jets) > 6F —om = 5% -
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.2 ,/ \
o = 3@ 15/(p[GeV]sin2 6) um ) \
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* angular coverage, very forward electron tagging
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detector concepts @

... in a few words ...

complex forward
region with final
beam focusing

return yoke with
Instrumentation
for muon ID

strong solenoids

4Tand5T @
fine grained (PFA)
calorimetry, 1+ 7.5 A,

6.5 m
main trackers: ultra low-mass
TPC+silicon (CLIC_ILD) vertex detector
all-silicon (CLIC_SiD) with 20 um pixels
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7m

CLIC_ILD and CLIC_SiD

Two general-purpose CLIC detector concepts
Based in initial ILC concepts (ILD and SiD)
Optimised and adapted to CLIC conditions

CLIC_ILD CLIC_SiD

Fe Yoke
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vertex detector

Vertex + forward tracking
CLIC_ILD

Beryllium beam pipe
Steel beam pipe o B

20x20 um pixel size
0.2% X, material par layer <= very thin !
* Very thin materials/sensors
* Low-power design, power pulsing, air cooling
Time stamping 10 ns
Radiation level <10'* n .cmyear* <= 10" lower than LHC

Challenging R&D project
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CLIC_ILD ¢ and CLIC_SiD s tracker €™

TPC + silicon tracker in 4 Tesla field all-silicon tracker in 5 Tesla field
SET
1.3 m
A
TPC ETD
p 2250 mm i
SIT 2= -
SIT1 vacuum tube
T | 0 5|77 7|77 10|63 13|44 1629
Time chip on sensor
Projection
Chamber
(TPC) with
MPGD
readout

Lucie Linssen, PH dept. physics meeting, 23 Jan 2012 15



calorimetry and PFA @b

Jet energy resolution and background rejection drive the overall detector design

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

What is PFA?

Typical jet composition:
60% charged particles
30% photons
10% neutrons

2

Always use the best info you have:
60% =>tracker &% &
30% =>ECAL &
10% =>HCAL X

4

Hardware + software !
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CAH@ calorimetry and PFA @b

ECAL:
Si or Scint. (active) + Tungsten (absorber) | € | technology
cell sizes 13 mm? or 25 mm?
30 layers in depth

HCAL: jet energy resolution
Several technology options |

Tungsten (barrel), steel (endcap) T 12— 1 AARMMIM B
cell sizes 9 cm? (analog) or 1 cm? (digital) = &~ - CLIC_SID } -
60-75 layers in depth T 10 - E=100 GeV .
Total depth 7.5 A, v8 . E=500 GeV %:
| S o Y E=1500 GeV B
Q 6 F o
W [ 5 o 6 o
= i 6 8 @ g B &4 o @ ° - :
§ S of .
oc - y
0 AR S W NN TN TN TN (NN TR NN W NN NN SN NN SN SN NN Tl
0.2 04 0.6 08 1
lcos(6)l
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impact of yy - hadrons

* Dominating background

* For entire bunch-train (312 BXs)
= 5000 tracks giving total track momentum : 7.3 TeV
= Total calorimetric energy (ECAL + HCAL) : 19 TeV

* Mostly low p, particles

S 10¢ \ 0>8° 7
~ 1_ PTspectrum _
) ; particles -
é10'1€ yy => hadrons o
=~ [ ]
02 L J
o0 F E
Qo f 3
©10° ¢ 3
8ol ?
n 10* rjq

0 2 4 6 8 10

p, [GeV]
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background suppression at CLIC &!b

Triggerless readout of full train

e R RN AR AR RS

® t, physics event (offline)

' !

* Full event reconstruction + PFA analysis with background overlaid

* => physics objects with precise p,and cluster time information

* Time corrected for shower development and TOF |‘ i 0 1

* Then apply cluster-based timing cuts A~ tCluster

* Cuts depend on particle-type, p; and detector region

* Allows to protect high-p; physics objects

+

* Use well-adapted jet clustering algorithms

* Making use of LHC experience (Fastlet)
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combined p; and timing cuts

100 GeV

e"e” - H'H™ — tbbt — 8 jets

1.2 TeV background in
reconstruction time window

100 GeV background
after tight cuts
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jet cluste

ring (example)

+ —_ ~ ~ — ~ ~
eg. € € — qrIr — qq % X1

= for squark mass ~1.1 TeV

= two jets + missing energy

All particles clustered

A
> - '|""'1""‘|""| 7 %120_— A LA WL L '__
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™ i RN i . (<)) - Loose Cut -
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detector benchmark studies for CDR &!b

Full physics simulation and reconstruction studies with beam background overlay
(yy => hadrons)

Choose six channels, with emphasis on mapping various crucial aspects of
detector performance (jet measurement, missing energy, isolated leptons,
flavour tagging etc.)

" mete — hveVe s
mee” = HH /HA %
3Tev - m ete” — grr *
mete — (T0~ *
| mete o R/R

500Gev W ete T —tt
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slepton production

Slepton production at CLIC very clean 100 ] 0 bt aidt ens: 2005
SUSY “model II”: slepton masses ~ 1 TeV MD o aitres Zﬂz,mdf%sms
Channels studied include 80 3 _
+ - ~+ ~— + —~0z0 i
=CC =7 URUR ™ L b X1 Xy 603_ smuon -
"e'e” > &y —e'e” 7((1) )”((1) a0 .

"ete” > VeV o> e WWT TR,

Leptons and missing energy i i
o o O P IS I T R S S B —_—
Masses from analysis of endpoints of energy spectra 0 500 1000 1500 2000

E [GeV]

- All channels m(fir) : +5.6 GeV

S el combined m(€r) : +2.8GeV

/ — | m) : £39GeV
~() .

m(y;) : £3.0GeV

m(%;7) : £3.7GeV
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gaugino pair production &!b

SUSY “model II”: m( )N((l)) =340GeV m(¥,),m(¥;) = 643 GeV
Pair production and decay: Separation using di-jet
LP N vi v AN ~0 ~0W+W—
cC X1 X1 X1 X1 invariant masses (test of PFA)
e'e” > X > hhi 7] s2%
ee” > ng(gaZhj'((l)f(? 17 % | "'1150
. 140
m(%7) @ =7 GeV “. 3430
> m(§y) : +10GeV SR I P
AR ¥ 502 10
I::> use slepton study result AT X SR
~0 . 40-...’|..4|..‘.lt..n.'-l-...l.... 0
m(%]) : £3GeV 20 60 80 100 120 140 160

M, , [GeV]
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activities in the next project phase »

Challenging detector technologies, considered feasible in a 5-year R&D program

* Physics studies
e CLIC at various energies, follow up on LHC results
e Simulation studies and Detector optimisation
e General detector optimisation, incl. link to detector R&D
 Detector R&D and engineering
e Vertex detector
 Ultra-thin (0.2 X,/layer), very small pixels (20 pm), 10 ns hit time-stamping
e Tracking detectors
* Very thin integrated designs (TPC and Silicon)
e Calorimetry
* High-grained, very compact active layers, 1 ns hit time resolution
e Electronics
* High readout functionality, precise timing
* Low power, power delivery and power pulsing (=> air cooling)
* Engineering and magnet R&D
* Reinforced superconductor, moveable services
* Forward region integration, detector movements, calorimetry, alignment...
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summary and outlook @b

Main message from the CLIC physics and detector CDR:

Physics at a 3 TeV CLIC e*e” collider can be measured with high
precision, despite challenging background conditions

W W W

This gives CLIC a very large physics potential, that can be exploited
in a staged Vs energy approach.
The CLIC physics potential complements LHC at the energy frontier
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CLIC CDR signatories list

Signatories to support the physics case and R&D towards a future linear collider based on
CLIC technology are currently collected here:

https://indico.cern.ch/conferenceDisplay.py?confld=136364

You are cordially invited to subscribe to the CDR Signatories List:

- If you have made contributions to the CLIC accelerator or the Linear Colliders Physics and
Detector studies, or intend to contribute in the future,

contributors

OR / AND

- If you wish to express support to the physics case and the study of a multi-TeV Linear
Collider based on the CLIC technology, and its detector concepts®.

“support” R&D

1 Note that signing the CDR does not imply an expression of exclusive support for CLIC versus other major collider
options under development.

currently ~630 names
Signatories => no engagement, non-exclusive support for R&D at energy frontier
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comparison CLIC <~ LHC detector

In a nutshell:
CLIC detector:

*High precision:
*Jet energy resolution
*=> fine-grained calorimetry
*Momentum resolution
*Impact 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 (10 LHC)

*Beam crossings “sporadic”

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

17

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
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details of forward detector region ﬂb

.A Kicker on incoming beam
d

/ ((Beamcal

YOKE
ENDCAP BPM on outgoing beam )

HCAL
ENDCAP
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two experiments in push-pull

Rack space

Platforms

Lucie Linssen, PH dept. physics meeting, 23 Jan 2012
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PFO-based timing cuts

Region p: range Time cut
Photons

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

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

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

(cosf > 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

(cosf > 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

@ Track-only minimum p;: 0.5 GeV

@ Track-only maximum time at ECAL: 10 nsec

Lucie Linssen, PH dept. physics meeting, 23 Jan 2012
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time window / time resolution @b

The reconstruction software uses:

Subdetector Reconstruction window  hit resolution
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

Translates in precise timing requirements of the sub-detectors

Lucie Linssen, PH dept. physics meeting, 23 Jan 2012 33



SM Higgs

E |
Standard model Higgs (example 120 GeV) %107
T 10
CLIC Vs range give access to %
a wealth of Higgs studies B |
10
H 3 bE) 5 4000 0 000 om0 oo
0(h-)|1|.1)-)+15%l 0( > bb) > £0.2% s [GeV]
. IR L
> 14000 - EI H—>b5$|gnal 3 TeV
(3 12000 .‘|:| SM background E
= 10000 -

Events/ 0.5 GeV
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P T B
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heavy Higgs, non-SM

. MSSM HW """"""""" e iY77
Non-SM Higgs 3 TeV CM | Vs=3Te w
100 FHee; tanf=30  hees
| g
e.g. SUSY heavy Higgs —— i1
10 L .
1Lz
l My . =* 2.4 GeV T 1000
Mp/Ma Mgy /Ma [GeV]
'.'(-% E 1 T T T T ',‘c-% i T T T T
C\|120 - N15O _
»100E P
Q@ - < |
T 80: €100
L 60: L -
40f 50}
20 ¢ i
0=800 800 1000 1200 1400 0™600 800 1000 1200 1400
Di-Jet Invariant Mass (GeV/c?) Di-Jet Invariant Mass (GeV/c?)
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top mass at Vs 500 GeV

Study top production at Vs = 500 GeV under CLIC background condition_s
= fully hadronic tt — (bqq)(bqq) and semi-leptonic tt — (bqq)(bfv)

@

4 \ = .
t b-tag b-tag t Use: _
* b-tagging
< |:> m; < < > m, e [nvariant masses
\ S\_ \‘/X e Kinematic fits
Mw My,
S 1500 M ' 7 Steof T T T LT T T T T
&  [tt— (bq@)(bqq) G [ ti— (bqg)(bly) 100 fb?
o | o 1000 | -
_8 1000- _g 800 ﬂ
% _ § 600
l m; : £60MeV
500 400
200
100 150 200 250 100 150 200 250
top mass [GeV] top mass [GeV]
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Summary of benchmark studies (1)

Table 12.19: Summary table of the CLIC benchmark analyses results. All studies at a centre-of-mass
energy of 3 TeV are performed for an integrated luminosity of 2 ab~!. The study at 500 GeV assumes

an integrated luminosity of 100 bl

NG Process Decay mode SUSY Observable Unit Gene-  Stat.
(TeV) model rator uncert-
value  ainty
Light Higes h — bb c 285 0.22%
3.0 production h—cc x Bran- fb 13 3.2%
h—ptp~ ching ratio 0.12 15.7%
I Mass GeV 9024 0.3%
— — Wi \Y
3.0 HA — bbbb dth Ge 1%
1 Mass GeV 7420 02%
Heavy Higgs Width GeV 17%
production I Mass GeV 9063 03%
H'H- — (Bbi Width GeV 27%
1 Mass GeV 7476 03%
Width GeV 23%
3.0 Production of . _ s qay0s9 I Mass GeV 11237 0.52%
: right-handed  IRIR 7 991X G fb 147  4.6%
squarks
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Summary of benchmark studies (2)

c fb 072 28%
npig — i i # mass GeV 10108 0.6%
%! mass GeV 3403 1.9%
c fb 605 08%
3.0  Sleptons egeg —ete 1Y 11 7 mass GeV 10108 0.3%
production %7 mass GeV 3403  1.0%
~fprr— =0=0_+.—
e e —+¥jxie e hh )
e — giglete2020 c fb 307 72%
c fb 1374 24%
vy, e teWHW 7 mass GeV 10972 0.4%
%i mass  GeV 6432 0.6%
Chargino AT = OIwEwWo %imass  GeV 6432 1.1%
3.0 and 1 c fb 10.6 2.4%
neutralino 1919 — n°/z%° /%973 %3 mass GeV 643.1 1.5%
production c fb 3.3 3.2%
_ _ Mass GeV 174  0.046%
_ @ (qqb)(qqb) Width GeV 137  16%
0.5 tt production
tt — (qgb) (évb), Mass GeV 174  0.052%
f=e,u Width GeV 137  18%
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