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e Physics and Detector slides from many sources:

e Talks by Klaus Moenig and Dieter Schlatter at CERN, ILC+CLIC workshop (EUDET
event), Oct 2009: http://indico.cern.ch/event/69540

e Frederic Teubert at a UK-Daresbury accelerator workshop, Dec

e Additional slides from Lucie Linssen

e ... plus many others ... thanks



http://indico.cern.ch/materialDisplay.py?contribId=590&sessionId=57&materialId=slides&confId=73513
http://indico.cern.ch/materialDisplay.py?contribId=590&sessionId=57&materialId=slides&confId=73513
http://indico.cern.ch/materialDisplay.py?contribId=1027&sessionId=57&materialId=slides&confId=73513
http://indico.cern.ch/materialDisplay.py?contribId=1027&sessionId=57&materialId=slides&confId=73513
http://indico.cern.ch/event/69540
http://lcd.web.cern.ch/LCD/Documents/Presentations/CLIC-Daresbury.pdf
http://lcd.web.cern.ch/LCD/Documents/Presentations/CLIC-Daresbury.pdf
http://lcd.web.cern.ch/LCD/Documents/Presentations/CLIC-Daresbury.pdf
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Measure as many parameters as possible
LC fills LHC loopholes Extrapolation to GUT scale shows way

_ to breaking mechanism
LC can see signals of SEWSB ,
Measure properties of dark matter

LC sensitive to new gauge sector with high precision

To v
P Higgs properties guide way

- to model of EWSB
Several models have additional
gauge bosons (ED, little Higgs)

Precision mass &
ew couplings

Physics potential of a linear e+e- collider (Klaus Moenig):


http://indico.cern.ch/materialDisplay.py?contribId=0&materialId=slides&confId=69540

SUSY (including extended Higgs sector)

LHC is good with sparticles that mainly interact strongly, (gluino, squarks, ...),
while a LC could complement the spectra with sparticles that mainly interact
weakly (sleptons, neutralinos,...)

e Equally/more
important:
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Post-WMAP Benchmarks

LHC

:

LBGICJHMAEFKD

LC 1.0 TeV

LBGICJHMAEFKD

CLIC 3 TeV

LBEGCGICJHMAEFKD

30 [
20 F

10
0

LC 0.5 TeV

LBGICIJIHMAEFKD

LBGICJHMAEFKD

CLICS TeV

LEGICJHMAEFKD

Wednesday, December 3, 2008

Frederic Teubert

o The precision by
which a LC can
measure the
parameters,
masses, mixing,
BR, etc in the
SUSY and Higgs
sectors




prove

The LC measurements can also im-

the LHC precision for heavy

superpartners

Possible precision in MSSM18:

LHC 300 fb—!

[Derivad Mags Spectrum of SUSY Paricles LE+LHC300 MSSM1E |

1000
200
800
700
600
500
400
300
200
100

Derived Particle Mass [GeV]

T

Lo

- W7 Environmant
2 Environment
= Bea=t Fit Valus
—-— —
|
[ — L
= .

Nmr\.-\.-NNNNNNN

2k L % n4,9 b b,

Lty

Improvement of LHC m(q) 1

y ILC m(xY)

e

‘E’ﬂlb—

5Sa0—

520

80 0O &80 &0

+1LC

100 170 120 130 140 150

m(x;)

b-‘i'ﬂiﬂ Maes Spectrum of SUSY Particles LE+LHCHILTC MSSM18

muf_ -‘H:rEmurnnmam —

;' E 23 Environment - =

i ﬁﬂIJ:— —— Bast Fit Value

E 400 ——— _

L [

£ 300

iy -

8 200F - - -

E 1ﬂl]f—_ —_— B
S N TR N T T T N Y O A
PR L AL LA TR REAEETTE




g
2 __f/

. . . e AR : T, W 'H

The double Higgs cross-section at ~3TeV is big M Na "

o - H

—> access to HHH self coupling, hence Higgs e etV v
Tk,

potential! Ve

cocl/s cclog(s)
~0.2 fb @ 0.5 TeV ~I fb @ 3 TeV

For instance with 5 ab™!, we expect to measure

the triple HHH coupling with ~10% precision for
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Physics — exotics — extra dimensions
Any alternative to SUSY that has to deal with the Naturalness problem,

will have some visible effects at the TeV scale.

One way to deal with the different scales involved, is to think as gravity
living in more dimensions that we can feel, hence its weakness is only

apparent, and there is only one fundamental energy scale.

E

ete— — ":f'GKK

[

BB 54BoBEs

By counting the number of events
with missing energy and photons, at
different centre-of-mass energies we

can measure the number of extra

ds I-hba-uln'lé

dimensions and the Planck scale.

Not possible at LHC, easy at a LC with enough energy!

Wednesday, December 3, 2008 Frederic Teubert
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Parameters

CLIC | CLIC | ILC
Eems [TeV] 05 | 3.0 05
Jrep [Hz] 50 | 50 | 5
JRF [ GHz] 12 | 12 | 13
Grr [MV /m] 80 | 100 | 315
i 354 | 312 | 2625
At ns] 05 | 0.5 | 369
N [10°)] 6.8 | 3.7 | 20
O nm| 202 | 40 | 655
o, nm| 2.26 1 5.7
€, )] 24 | 066 10
€y nm| 25 20 40
Loota | [10%%em=2s71]| 2.3 | 59 | 2.0
Loor | [10*'em™2s7'] | 1.4 | 2.0 | 1.45

:n
1o
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Qﬂ}wc«; CLIC and ILC time structures ,','E

Train repetition rate 5 Hz (ILC) or 50 Hz (CLIC)

CLIC: 1train =312 bunches 0.5 ns apart 50 Hz
ILC: 1 train = 2625 bunches 369 ns apart 5Hz

http://www.cern.ch/lcd Lucie Linssen, 4/10/2010 11



e RDR Complete
JLF

 Reference Design Report (4 volumes)

Ileferemﬂesigg/g?oﬂ 7 ‘ ::s:mur J .
Executive — - Physics
Summary at the
ILC
.
T Detectors
e Accelerator
-
24-July-10 Global Design Effort

ICHEP-10 Paris
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JIF RDR Design Parameters

Max. Center-of-mass energy 500 GeV
Peak Luminosity ~2x103%* | 1/cm?s
Beam Current 9.0 mA
Repetition rate 5 Hz
Average accelerating gradient 31.5 |MV/m
Beam pulse length 0.95 |ms
Total Site Length 31 km
Total AC Power Consumption ~230 |MW

24-July-10 Global Design Effort
ICHEP-10 Paris




'-,'E Major R&D Goals for Technical Design

Accelerator Design and Integration (AD&lI)

« Studies of possible cost reduction designs and
strategies for consideration in a re-baseline in 2010

( SCRF

* High Gradient R&D - globally coordinated program to
demonstrate gradient by 2010 with 50%yield;

< ATF-2 at KEK

« Demonstrate Fast Kicker performance and Final Focus
Design

Electron Cloud Mitigation — (CesrTA)

\ * Electron Cloud tests at Cornell to establish mitigation
and verify one damping ring is sufficient.

24-July-10 Global Design Effort 14
ICHEP-10 Paris



iIP  proposed Design changes for TDR

m SB2009 » Single Tunnel for main linac

mRads Q [ SomRadus Grmy, *Move positron source to end
7 mrad - T mrad .
e i of linac ***
seine Bearming
eemine - * Reduce number of bunches
o T J factor of two (lower power) **
N <13 km Urcsiator | Senica Tunel * Reduce size of damping
o (. o Extaction rings (3.2km)
& ot Injection & et Injection
e ) WP DI P - ° INtegrate central region
- DR-G.TK.m e-fo* DR-3.2Km i
o St e Injection. Single stage bunch
compressor
Service Tunnel ~1.0Km @ source Service Tunnel
n3 ~112 Km ‘
et Linac
a* Linac Beamlne
Beamine
Not to Scale Notto Scale
~1.33 Km ~1.1 Km 7 mrad
l 30m Radlus (] :Iri'nl'::d . 30m Radlus &TI-IL
24-July-10 Global Design Effort

ICHEP-10 Paris



H 7.5 m Diameter Single Tunnel
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24-July-10 Global Design Effort 16
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I 7.5 m Diameter Single Tunnel
JLT High-Level RF Solution

 Critical technical challenge for one-tunnel option
IS the high level RF distribution.

« Two proposed solutions :

— Distributed RF Source (DRFS)
« Small 750kW klystrons/modulators in tunnel
* One klystron per four cavities
« ~1880 klystrons per linac
* Challenge is cost and reliability

— Klystron Cluster Scheme (KCS)
 RDR-like 10 MW Klystrons/modulators on surface
« Surface building & shafts every ~2 km

* Challenge is novel high-powered RF components
(needs R&D)

24-July-10 Global Design Effort
ICHEP-10 Paris



Superconducting RF Linac Technology

SCRF Linac
Technology

coupler

LLRF

48
Global Design Efiort 8



H [ The ILC SCRF Cavity
o

Figure 1.2-1: A TESLA nine-cell 1.3 GHz superconducting niobium cavity.

- Achieve high gradient (35MV/m); develop multiple
vendors; make cost effective, etc

- Focus is on high gradient; production yields; cryogenic
losses; radiation; system performance

24-July-10 Global Design Effort 19
ICHEP-10 Paris
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ICHEP-10 Paris

Standard Yield Plot (Pass Ii)

yield [%]

TDP/R&D plan release 5

T

>10 >15 >20 >25 >30 >35 >40

max gradient [MV/m]

Global Design Effort



'-”E TTF/FLASH 9mA Experiment

Full beam-loading long pulse operation — “S2”
ACC1 ACC2/3  ACC4/5/6

RF gun Diagnostics Accelerating Structures Collimator

’ Undulators

— r— (oo e o oo
' Bunch Bunch
Laser Compressor Compressor FEL
5 MeV 127 MeV 450 MeV/ 1000 MeV Bypass Diagnostics
< 260 m -
XFEL 1L | FLASH [ omA » Stable 800 bunches, 3 nC at
design | studies 1MHz (800 pus pulse) for over 15
hours (uninterrupted)
Bunch nc |1 3.2 1 3
charge
» Several hours ~1600 bunches
# bunches 3250 | 2625 | 7200° | 2400 ’
~2.5 nC at 3MHz (530 ps pulse)
Pulse length | ns | 650 970 | 800 800
Current mA |5 S 9 « >2200 bunches @ 3nC (3MHz)

for short periods

Global Design Effort d



e KEK ATF-2 Studies
o (Beam Sizes at Collision)

Global Des _




,.'IE Cornell E Cloud Studies
LER Grooved Test Chamber
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24-July-10 Global Design Effort
ICHEP-10 Paris
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.'Ip Timescales: TDR to ILC

JLF (or beyond 2012)

e Steps to a Project — Technical (2-3 years)
— R&D for Risk Reduction and Technology Improvement
— Systems Tests (e.g. S2 completion — ILC-like beam tests)
— Engineering Design
— Industrialization

* Project Implementation
— Government Agreements for International Partnership
— Siting and site-dependent design
— Governance

 Time to Construct
— 5-6 years construction
— 2 years commissioning

* Project Proposal / Decision keyed to LHC results

 ILC Could be doing physics by early to mid- 2020s

24-July-10 Global Design Effort 24
ICHEP-10 Paris



CLIC/CTF3 Collaboration

.web.cern.ch/clic-meeting/CTF3 Coordination Mtg/Table MoU.htm

CLIC multi-lateral collaboration
ACAS (Australia 40 Institutes from 21 countries

Aarhus University (Denmark)

_ _ | o o _ _ John Adams Institute/RHUL (UK) Polytech. University of Catalonia (Spain)
Ankara University (Turkey) Helsinki Institute of.Physics (Finland) JINR (Russia) PSI (Switzerland)
Argonne National Laboratory (USA) IAP (Russia) Karlsruhe University (Germany) RAL (UK)
Athens University (Greece) IAP NASU (Ukraine) KEK (Japan) RRCAT / Indore (India)
BINP (Russia) IHEP (China) LAL / Orsay (France) SLAC (USA)
CERN _ INFN / LNF (ltaly) LAPP / ESIA (France) Thrace University (Greece)
CIEMAT (Spain) Instituto de Fisica Corpuscular (Spain) NIKHEF/Amsterdam (Netherland) Tsinghua University (China)
Cockeroft Institute (UK) IRFU / Saclay (France) NCP (Pakistan) University of Oslo (Norway)
ETHZurich (Switzerland) Jefferson Lab (USA) North-West. Univ. Illinois (USA) Uppsala University (Sweden)

Gazi Universities (Turkey) John Adams Institute/Oxford (UK) s Unfversho () UCSC SCIPP (USA)


http://clic-meeting.web.cern.ch/clic-meeting/CTF3_Coordination_Mtg/Table_MoU.htm
http://clic-meeting.web.cern.ch/clic-meeting/CTF3_Coordination_Mtg/Table_MoU.htm
http://clic-meeting.web.cern.ch/clic-meeting/CTF3_Coordination_Mtg/Table_MoU.htm
http://clic-meeting.web.cern.ch/clic-meeting/CTF3_Coordination_Mtg/Table_MoU.htm
http://clic-meeting.web.cern.ch/clic-meeting/CTF3_Coordination_Mtg/Table_MoU.htm

Reminder: The CLIC Layout

126 klystrons ) 3.7 klysbrons
IIMW, 13 | | | circumlenences | | | 33 MW, 139
delay loop #3.0m
drive boam scoelerator CR1 46T m drive beam accelerator
CRI43EIm
Fkm 1k
delay loop | = = | deday loop

i,

@ @ deoelerator, 24 sectors of B m

s o
Lm me(m (m c
BC2 ¥ Ty ¥ Ty 'l -"m m"m-g' B2
[ [ [ ] Y v T

. -
o main limmo

Tar=120m = main linac, 12 GHz, 100 sTY'm, 2102 lom

TA s =120 m

CR combiner ring

TA  tisrnarownd

R damping ring

FDR predamping ring

B Bunch Sompressor

BOES beam dalivary syslam

IF  interaction point

H  dump o injector,
Z B Gay

D. Schulte

48 3 km

&@* ingacior,
£ 86 Get

ICHEP Paris, July 24, 2010 26




. o-)  CLIC Power Source Concept

A .
. ’ % Delay Loop x 2
Drive Beam Accelerator L] ¥ gap creation, pulse
efficient acceleration in fully loaded linac 1 I compression & frequency
_l,,..'l 1-.,_ multiplication
N - o ¥ E u L " = F B = B =
e
i 0 (0 s ] -’. -
- ., [ i
‘J" ‘h‘ : “Combiner Ring x 3
" '.. L) Bulse compression &
= Combiner Ring x 4 = L -._J' frequency multiplication
u [ | ‘
=pulse compression & =
i requency multiplication !
"‘h., j’ CLIC RF POWER SOURCE LAYOUT
" -I |# :

Drive Beam Decelerator Section (2 x 24 in total)
L ] Power Extraction [

Drive beam time structure - initial

Drive beam time structure - final
240 ns
L L - 240“3‘ 28 s >
140 ps train length - 24 x 24 sub-pulses -, M e
4.2 A-24GeV-60cmbetween bunches

24 pulses - 101 A - 2.5 cm between bunches

D. Schulte ICHEP Paris, July 24, 2010




High gradient to reduce cost
Break down of structures at high fields
and long pulses
. Pushes to short pulses
. and small iris radii (high wakefields)

High luminosity
Improve wall plug to RF efficiency
Push RF to beam efficiency
. Push single bunch charge to beam
dynamics limit
. Reduce bunch distance to beam
dynamics limit
Push specific luminosity -> High beam

= S
= »CLIC €<

quality

. Beam-based alignment and tuning
. Excellent pre-alignment
. Component stabilisation

D. Schulte

CLIC Main Parameters

http://cdsweb.cern.ch/record/1132079?In=fr http://clic-meeting.web.cern.ch/clic-meeting/clictable2007.html

CLIC | CLIC
E cms [TE‘\I] 05 3.0
frep [ HZ] 50 50
frF [ GHz] 12 | 12
Grr | [MV/m] 80 | 100
L 354 | 312
At [ns 05 | 0.5
N [107] 6.8 | 3.7
Ty nm| 202 | 40
Ty nm| 226 | 1
e | ] | 24 | 066
€y nm| 25 20
Ligtar | [10%em 2571 | 2.3 | 5.9
Loor | [10**em™s71] | 1.4 | 2.0
28
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http://cdsweb.cern.ch/record/1132079?ln=fr
http://clic-meeting.web.cern.ch/clic-meeting/clictable2007.html
http://clic-meeting.web.cern.ch/clic-meeting/clictable2007.html
http://clic-meeting.web.cern.ch/clic-meeting/clictable2007.html
http://clic-meeting.web.cern.ch/clic-meeting/clictable2007.html
http://clic-meeting.web.cern.ch/clic-meeting/clictable2007.html

CLIC feasibility issues

ltem Feasibility Unit Mominal
Issue
Fully loaded accel effic a a7
Freg&Current multipl - 234
Drive beam |12 GHz beam current A 4.5*24=100
generation 12 GHz pulse length nsec 240
Intensity stability 1.E-03 .75
Drive beam linac RF phase stability | Deg (1GHL) 005
PETS RF Power AT 130
Beam PETS Pulse length ns 170
Driven RF JPETS Breakdown rate Jm = 1-10-T7
Two Beam power PETS OMN/MOFF - @ 50Hz
Acceleration] generation |Drive beam to RF efficiency %o 0%
RF pulse shape control Ya = 0. 1%
Accelerating Structure Acc field W 100
Structures Structure Pulse length ns 240
Structure Breakdown rate fm MvVim.ns | = 3-10-7
(CAS)
Power producton and probe beam
acceleration in Two beam module MV/m - ns 100 - 240
Two Beam
Acceleration |Drive to main beam timing stability psec 0.05
Main to main beam timing stability psec 0.0F
Ultra low Emitttance generation HMNW mim S0 D
Emittances JEmittance preservation: Blow-up mim 160/15
Ultra lowwr - - -
. Main Linac components microns 15
beam Alignment Final-Doublet .
emittance & - - - microns 2 to &
sizes Vertical CQuad Main Linac nm=1 Hz 1.5
stabilisation Final Doublet (assuming feedbachks) nm=4 Hz 0.2
Operation and Machine T2ZMW@E2.4GeV )
Protection System (MP35) lmain beam power of 12MW@&E1.5TeV

J.P.Delahaye

CLIC progress and perspectives (18 - 10 - 10)

29
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Klystron based testing:

160

140+
120~
100+
80+
60
40
20+

Power [MW]

RF pulse in ASTA, SLAC.
Present breakdown rate ~1.2x10¢
(CLIC target - 1x107 fpulse/m)

20.11.09

4

0

200 400 600 800 1000 1200 1400 1600 1800 2000
Time [ns]

PETS Results

Beam based (with recirculation):

* Power
* 130 MW peak at 150 ns
e Limited by attenuator and phase
shifter breakdowns
* Power production according to
predictions

ICHEP Paris, July 24, 2010
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Extraction of PETS breakdown trip rate

Part of the statistical distribution
contributed to the BDR calculation

—> <—
2.4E+6- : -10
2,2E+6- BD Power  [:"] 9
5. 0E+6- Avg Power |:| : .
1.8E+6-
1.6E+6- ) K
o0 It
’ 1.4E+6- o -6 o
o (@) J
= 1.2E+6- = -0 E
o O o
it 1.0E+6- : -4 0
1}
8.0E+5-
-3
6.0E+5-
4.0E+5- : &
2.0E+5- -1
D.DE+D'| 1 1 1 1 1 1 : 1 1 1 1 T ,'D
100 105 110 115 120 125 1230 135 140 145 150 155 160
Power [MW]

* 1.6x107 pulses were accumulated in a 110 hour run.

* 8 PETS breakdowns were identified giving a breakdown rate of 5x107/pulse.

* Most of the breakdowns were located in the upper tail of the distribution, which makes
BDR estimate rather conservative.

* During the last 80 hours no breakdowns were registered giving a BDR <1.2x107/pulse.



T18 and TD18 built
and tested at SLAC
and KEK

» real prototypes with
improved design are
TD24

l
m
Lo S
! ~ Tia[1]230ns, 100N
y T18 [2] KEK 252 ns

. T18[3] 230 n&, 200 0
: TOH# [1] 230 ns, 10001
i || = TD18EKEK 252 ns2000n
: W07l - TD18 2] KEK 252 na 2500n
b CLIC goal
o i i
r
4
n
W
L]
d
K
a
a
r
B

120

D. Schulte



Synthesis of accelerating structure test results scaled to
CLIC breakdown rate

T18 by KEK/SLAC 1400

at SLAC #1

T18 by KEK/SLAC 3900

at KEK 6'
&

T18 by KEK/SLAC 280 §

at SLAC #2 a
2
oQ

T18 by CERN 550 il

at SLAC 3
(]

B ) S 3

mpin s

at SLAC OM damping 1300

TD18 by KEK/SLAC "

at KEK HOM damping 3200

In N Y —

at SLAC 200

60 70 80 90 100 110

unloaded gradient [MV/m]
Scaling to CLIC conditions: Scaled from lowest measured BDR to BDR=4*10"7 and =180 ns (CLIC
flat-top is 170 ns), using standard E?° 72/BDR =const. Correction to compensate for beam

loading not included — expected to be less than about 7%.
IWLC2010 Walter Wuensch 19 October 2010



6 o ) Two-Beam Acceleration:
CLIC Test Facility (CTF3)

Demonstrate Drive Beam generation
(fully loaded acceleration, beam intensity and bunch frequency multiplication x8)

Demonstrate RF Power Production and test Power Structures

Demonstrate Two Beam Acceleration and test Accelerating Structures

PULSE COMPRESSION

magnetic chicane ~FREQUENCY MULTIPLICATION

150 MeV . e-linac =]
30 GHz test stand 35A_14us T e
pla 1 =
| Delay Loop f«“ / 3
- ] T ¥ /1 3
e "mm_"w — e ————— 4 il Combiner Ring 4£
. . -'.:h. \
Aﬂ '\L “ﬂ-‘_“ I‘x'h? >
10 ik
m CLEX (CLIC E per'lmen‘l'al Area)
-y TWO BEAM TEST STAND ZS\A - 140 ns
Photo injector tests, PROBE BEAM
laser Test Beam Line Infrastructure from LEP

total length about 140 m
D. Schulte ICHEP Paris, July 24, 2010 34
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CLIC*

Qﬂ, ——<—) Drive Beam Deceleratlon and Module: CLEX

e |

Two-beam Test Stand:
* Single PETS with beam

* wake monitor

* Integration

 Accelerating structure with beam

* kick on beam from break down

.................

Y COOLING CIRCUITS

ACCELER. STRUCTURE
; S RF DISTRIBUTION (BRAZED DISKS)
| - BEAM
o INSTRUMENTATION

.......... o\ v x ! 1 CRADLES

ALIGNMENT
SYSTEM

«D. Schulte

|CHER-Paris, July 24, 2010 s 359




Machine-detector interface issues

Concrete mass of ~ 80 tons mounted
on calibrated springs.
Eigenfrequency ~ 1 Hz.

—

& O

Designed to reduce vibrations by
a factor of ~ 30.

Design, hardware and methods are being
developed. -
Methods: Stabilisation (mechanical filters),
beam-based feedback and vibration sensor
based feed-forward used



CLIC ILC
Physics & Detectors L.Linssen, F.Richard, S.Yamada
D.Schlatter

Beam Delivery System | L.Gatignon B.Parker, A.Seriy
(BDS) & Machine D.Schulte,
Detector Interface (MDI) R Tomas Garcia
Civil Engineering & C.Hauviller, J.Osborne,
Conventional Facilities | J-Osborne. V.Kuchler
Positron Generation L.Rinolfi J.Clarke
Damping Rings Y.Papaphilipou M.Palmer
Beam Dynamics D.Schulte A.Latina, K.Kubo,

N.Walker

Cost & Schedule

P.Lebrun, K.Foraz,
G.Riddone

J.Carwardine,
P.Garbincius, T.Shidara




new phenomena at Terascale energies:
= Higgs sector
= SUSY particle spectrum
(masses, Emiss, high p;)
= extra dimensions
= efc

e.g. Precision measurements of
*leptons (including )
«Jet energy, missing mass
* W/Z separation




Validated ILC concepts

ILD: International Large Detector
“Large” : tracker radius 1.8m
B-field 35T
Tracker - TPC + Silicon

Calorimetrv : high granularity particle flow
ECAL + HCAL inside large solenoid

SiD: Silicon Detector
“Small” : tracker radius 1.2m
B-field 5T
Tracker : Silicon

Calorimetry : high granularity particle flow
ECAL + HCAL inside large solenoid

CLIC detector concepts will be based on SiD and ILD.
Modified to meet CLIC requirements

http://www.cern.ch/lcd Lucie Linssen, 4/10/2010




Beam-Induced Background
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BeamCal Conical Yacuum Tube
(with 10cm graphite) 10 mrad
LumiCal
measure luminosity

BeamCal
Feedback to accel.
Electron veto

QD protection




Very thin trackers

e PIXEL vertex system followed by Silicon Strip/TPC based systems a1

e Many technologies being pursued, generally not/much less constrained by
radiation hardness criteria than the LHC systems allowing a wider choice of
technologies

e The most striking feature: very thin (~1/10 of LHC), low power, granular and
high resolution systems

) External

W Suppertsiothar
BB Cables

[ Canling

3 Electronics
@ Activa

BB scrvices
O TRT
@@scT

B Pixal
[CJBeam-pipe

Radiation length (X )

m/

ILC Goal for the entire Tracking System

Lessons learned:
Don't underestimate cabling and services

‘ Scc e tcsCanc 41 Marcel Stanitzki




Particle flow calorimetry

In a typical jet:

¢+ 60 % of jet energy in charged hadrons

¢+ 30 % in photons (mainly from 70 — yy )

¢+ 10 % in neutral hadrons (mainly n and K2 )
Energy / Particle Flow algorithm:

¢+ charged particles, measured in tracker

¢+ Photons in ECAL:

¢+ Neutral hadrons (ONLY) in HCAL

e The result is that very performant and granular
trackers and EM calorimeters (Si-W prime
example) are needed




Cost/Power

substantially more power than the CERN power
consumption today

e Another example: The 500 GeV ILC cost in the RDR is
higher than the LHC costs

e The willingness and creativity needed to maintain the
global approach down to a final implementation at a

specified site

e With a technical implementation plan and defined sharing
of responsibility




- Machine/Detector interface (in a wide sense)
- Detector work

- Site studies

- Organisation and Governance

Goal is preparation of a Project Implementation Plan at a defined energy and luminosity ( .. as required
by the physics ...)

After 2016 — Implementation phase, including an initial period to lay the grounds for full approval.
Considering the preparation steps foreseen and the resources situation it is clear that several key tasks
will need further effort before the project can move into construction.




nsec

1.E-03

ase stability | Deg (1GHZ)
TV

ns | 100 - 240

0.05
0.07

technical risks and performance risks
technical developments and test of critical component and CTF3 - Layout

prototypes, using several facilities across the collaboration LDS(IS?:Y

exploitation and upgrade of CTF3 to CTF3+, construction and 4A-1.2ps (

150 Mev I COMBINER

DRIVE BEAM S RING

3‘ 30A-140ns
LINAC 4 150 Mev |
This programme will address the issues already mentioned /"—Ex

CLIC Experimental Area
above focusing on performance, industrialization,
implementation and operational reliability

commissioning of CLIC drive beam injector

1 1
[ S— l\

Several topics addressed in common working groups CLIC/ sy

Igéﬁt«: —— 8

ILC and/or using common facilities Liem,




CLIC Detector Issues

e Detector requirements are close to those for ILC detectors
— First studies indicate that ILC performances are sufficient
— Adapt ILD and SID concepts for CLIC
— Close collaboration with validated ILC designs and work
e Differences to ILC
— Larger beam energy loss
— Time structure (0.5ns vs. 370ns)
— Higher background
e Higher energy
e Smaller bunch spacing

— Other parameters are slightly modified
e Crossing angle of 20 mradian (ILC: 14 mradian)

— Larger beam pipe radius in CLIC (30mm)

— Denser and deeper calorimetry

e Linear collider detector study has been established at CERN beginning of
2009 (led by L. Linssen, see http://www.cern.ch/lcd)

D. Schulte ICHEP Paris, July 24, 2010 46



An example of recent work:
Hadron Calorimetry at CLIC

Tungsten-based HCAL motivation:
— To limit longitudinal leakage CLIC HCAL needs to be ~7.5 A, deep

— A deep HCAL pushes the coil/yoke to larger radius (would give a
significant increase in cost and risk for the coil/yoke)

— A tungsten HCAL (CLIC option) is more compact than Fe-based HCAL,
(ILC option) while jet resolution (Geant4) is similar

— Increased cost of tungsten barrel HCAL compensates reduced colil cost

Particle-flow calorimetry for CLIC:

— According to simulations PFA can give required jet resolution at CLIC
— Geant4 simulation needs to be confirmed in test beam for W-HCAL

— In particular: time development of hadronic showers is slower in

tungsten than in steel => needs to be measured Tungsten

...........
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HCAL depth studies with PFA

@ Studies done with Z — uds events, based on a modified CLICO1_[LD model

@ Jobs submitted to the GRID, via DIRAC

@ Markers: with Tail Catcher
@ Bands: WITHOUT Tail Catcher

| cos O < 0.7

..........................

_I|IIII|IIII|IIII|III

|_ Z—s uds, jet energy:
A 25.5 GeV
¥ 100 GeV
[ 250 GeV
k4 500 GeV
. 1 TeV
Tr 1.5 TeV

T I et n

@ Small influence of the Tail Catcher

~7 8 8
Number of A;'s in CLIC HCAL

30

A. Lucaci-Timoce, CERN

_I|IIII|IIII|IIII|IIII|IIII|IIII IIII|IIII L

0.7 < cos0 < 0.975 | /— uds, jet energy:
o] A 45.5 GeV
v 100 GeV
[ 250 GeV
_________________________________________________ ¥ 500 GeV
° 1 TeV
_________________________________________________ - R

..............

: —30
Number of A'S in CLIC HCAL

PFA calorimetry can give good AE/E for high-E jets !

@ Final decision on HCAL depth: 7.5 ),



Tungsten-based HCAL

muon
strigger




Underground areas and machine/detector interface
‘Several related issues (these are general LC issues with

7

R K
7 R //.'//’ ._
AR
// W\

| features for CLIC or ILC):
Machine interface systems and machine background

simulations, beam dump

|

some specia



The figure:

The interaction region,

{ caverns and surface

| installation in the CERN
Prevessin area, as foreseen in
| the CLIC CDR.

Generally:

The entire logistics of dealing
with assembly, test-areas
infrastructures, a large user
community — all these issues
need to be considered (for

| CLIC or ILC)

The next years:

The north areas testbeams
are already, and will
increasingly host LC detector
parts and community.
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CERN Site

A proper site study is needed

e Impact: environmental, socio-

economic

Will link to interaction region
study (obviously)

Include Swiss and French
partners (host states in this
case)

Guidance from the European
Strategy update in 2012
Could be implemented as a
European Community project
(2013-2016)

Longitudinal section 1:100'000 / 2000
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type (starting today) will remain very important to share information and
discuss the next steps across technological differences and preferences




