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The e*e precision physics programme

A complete e+e- physics programme envisages
runs at several center-of-mass energies:

91 GeV GigaZ (optional) high-lumi run at the Z-pole

— ultra-precise measurements of electroweak observables

250/350 GeV Higgs factory study of e*e- — ZH process using recoil method
— Higgs couplingsto Zand W, g, c, b, t

345-355 GeV top threshold scan

— Precise top quark mass (width, a, and top Yukawa coupling)

500 GeV (nominal ILC energy)

— Precise electroweak top couplings

1 TeV (ILC energy upgrade)
— Higgs self-coupling

1.5 - 3 TeV (CLIC high-energy programme)

Ceo
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The energy-frontier landscape

A lot of projects for electron-positron colliders that can probe Higgs and top

ILC — Japan

31 km —500 GeV -1 TeV
TDR 2012: shovel-ready
Physics by 2027

CLIC — CERN
31 km - 2-3 TeV
CDR 2014

CLIC two-beam scheme, with a
gradient of 100 MV/m, allows greater
energy reach with similar footprint

CEPC — China FCC-ee — CERN
50 km — 250 GeV 80-100 km — 365 GeV

No estimate for a date
Pre-CDR 2015

Physics by 20277

Both circular tunnels to be used also for a hadron collider machine
China has indicated it will start with electron-positron collisions

G
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Lepton collider complementarity
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Circular vs. linear

- Circular colliders: high luminosity at not-too-far-above LEP energies is great for Higgs-strahlung production
(~250 GeV), but synchrotron radiation limits energy reach (365 GeV for FCC-ee, ~250 GeV for CEPC)

- Linear colliders: running at 350 GeV — 1 TeV allows to access vector boson fusion Higgs production, and to
measure the top Yukawa and Higgs self-couplings. Multi-TeV operation in case of new discoveries.

Ceo
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LC history

2001 2009

5iD Letter of Intent

TESLA

The Superconducting Electron Positron
Linear Collider with an Integrated
X-Ray Laser Laboratory

|

3 Jun

Technical Design Report

JO106315v]

Part 111 Physics at an e" e~ Linear Collider

arXiv:hep-ph
|

DESY-2001-011, ECFA-2001-209 March
TESLA-2001-23, TESLA-FEL-2001-056 2001

Reference documents:

- Tesla TDR (2001) part 11l on physics

- 2004 Report on the complementarity of LC and LHC

- CLIC physics report

- ILC Reference Design Report (2007): physics and detectors
- Letter Of Intent of the ILC experiments (2009) SiD and ILD

- Conceptual Design Report (2012) of the CLIC detectors
-June 2013: ILC TDR

- Includes: Detailed Baseline Design for the ILC experiments

TDR marks milestone for R&D on ILC machine.

“The ILC design is much more mature than the LHC

was when it was approved”, Lyn Evans

~ile

The
International
Large
Detector

Letter of Intent

by the
ILD Concept Group
Fabruary 2010

The International Linear Collider
— A Worldwide Event

From Design to Reality

12 June 2013

Tokyo, Geneva, Chicago

www. linearcollider.orgiworldwideevent 28
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http://arxiv.org/pdf/hep-ph/0106315.pdf
http://arxiv.org/pdf/hep-ph/0410364.pdf
http://arxiv.org/pdf/hep-ph/0412251.pdf
http://arxiv.org/pdf/0709.1893.pdf
http://arxiv.org/pdf/0712.2356.pdf
https://silicondetector.org/download/attachments/46170132/SiliconDetectorLetterOfIntent.pdf?version=1&modificationDate=1238604944000
http://ilcild.org/documents/ild-letter-of-intent/LOI%20Feb2010.pdf/at_download/file
https://edms.cern.ch/file/1180032/4/cliccdr_PhysicsDetectors_onlineversion.pdf
http://ific.uv.es/
http://ific.uv.es/~fuster/DBD-Chapters/

The International Linear Collider

Niobium Superconducting Cavities

Superconducting RF cavity with required 30 MV/m gradient 1.3 GHz 9-Cell I'-C/TES

Complete cryomodules have been built in several places
Production deployed in industry (Germany, US, Japan, China)
ATF2@KEK Has demonstrated nm size, low emittance beams

XFEL@DESY: a 10% prototype

* Entry level niobium cavity delivered in
3 months (other options available).

ILC Is shovel-ready!
y . Let us help you customize the exact sales@niowaveinc.com
niobium structure you need from 517.999.3475
' o @ 2R N & iz and hevend. Contact us to discuss your needs

DEPFET wksp, Seeon, May 12™ 2015 Marcel Vos 6
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The Compact Linear Collider

CLIC two-beam acceleration is currently the only mature scheme to

build a multi-TeV lepton collider...

... unique role in the
lepton collider landscape

Volume 2: Physics +

Volume 1:
Detectors =

Accelerator T

R

ORGANEATION EURDPEENME POUR LA RECHERCHE

RECHERCHE NUCLEARRE

CERN-2012-007 CERN-2012-003

Volume 3: Strategxw o+

Implementation =

CERN-2012-005

Proof of concept in Conceptual Design Report in 2012
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World-wide strateqgy

Japan
“We will call for inter-governmental negotiations with European and American governments in the first half of 2013”, Minister Shimomura (MEXT)
Kitakami site in Tohoku, North Japan selected in August 2013

AsiaHEP/ACFA (September 2013) Asia # Japan
"AsiaHEP/ACFA believes that the ILC is the most promising electron positron collider to achieve next generation physics objectives [...] AsiaHEP/ACFA
welcomes the proposal by the Japanese HEP community [...and] looks forward to a proposal from the Japanese Government to initiate the ILC project [...]"

European Strategy (Cracow 2012, approved by CERN council)

“There is a strong scientific case for an electron-positron collider, complementary to the LHC, that can study the properties of the Higgs boson and other
particles with unprecedented precision and whose energy can be upgraded. [...] The initiative from the Japanese particle physics community to host the ILC
in Japan is most welcome, and European groups are eager to participate. Europe looks forward to a proposal from Japan to discuss a possible
participation.”

American Strategy (Showmass 2013)

P5 (particle physics project priorization panel)

“The interest expressed in Japan in hosting the International Linear Collider (ILC) is an exciting development. Participation

by the U.S. in project construction depends on a number of important factors, some of which are beyond the scope of P5

and some of which depend on budget Scenarios. As the physics case is extremely strong, all Scenarios include ILC support at
some level through a decision point within the next 5 years.”

Scientists have defined our roadmap. Now move over to political level:

Japanese science ministry (MEXT) has created a committee to evaluate impact of the project (social,
economic and scientific) on Japan — interim report this summer

High-level negotiations with US are ongoing (at a less advanced stage in Europe)

Some level of discussion between China and Japan

Ceo
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ILC progress - the Tokyo statement

INTERNATIONAL LINEAR COLLIDER

TOKYO EVENT
TOKYO SYMPOSIUM

2 APRIL 2015 ASSOCIATED EVENT to ALCW 2015

At the ILC Tokyo Symposium, held on 22 April 2015 at the Ito International Hall, Tokyo, Japan, the Linear Collider Collaboration (LCC) and the participants
around the world at the Asian Linear Collider Workshop (ALCW) 2015 decided to issue a statement confirming their conviction of the scientific justification
for a prompt realisation of the International Linear Collider (ILC).

1) The ILC’s role in particle physics is to explore with exquisite detail the time just after the beginning of the Universe. This research is unique and
indispensable for adeep understanding of how our Universe began, how it evolved, and how it works today. We are eager to build and work at the facility.

2) The technical feasibility of the ILC has been demonstrated in the Technical Design Report. The ILC is ready to be built following the completion of an
engineering-design phase. The project is now in a phase where government involvement should lead to a decision to realize the project. In this context
we express our appreciation of the ongoing project assessment being undertaken by the Japanese government.

3) The ILC is one of the largest scientific projects ever proposed, on a similar scale to the Large Hadron Collider project and that its realisation as an
international project requires the establishment of an international framework for sharing the cost and expertise among countries. We therefore intend to
facilitate discussions between governments and funding authorities to achieve this goal as soon as possible.

Lyn Evans, Director of the LCC, on behalf of the LCC and scientists at the ALCW 2015.

Some pressure on Japanese and international politics to come to a decision soon

Ceo
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LC detectors

LC environment and detector R&D allow for a
big leap in performance

¢ Signal and bkg x-sections of similar magnitude
* Well-defined initial state (CM energy, polarization)
® Background in innermost layers up to 0.1 hits/mmz2/BX

® Radiation levels 1011 - 1012 n/cm?2

1000 p—r———

Particle Flow: highly granular calorimetry inside a large 3.5-5
Tesla solenoid allows to follow every single visible particle

4iiw .1 produced in the collisions from the cradle to the grave — best

| ..+ possible estimate of the jet energy: AE/E~3-5%

500 |5+

y/mim
=

Transparent and precise tracking/vertexing:
A(1/p;) ~ 10~ GeV+
A(d,) ~ 5 @ 10-20 / (p sin>?0)

-500

_1DDD 1 1 1 1 1 1 1 1L* - 1
500 1000 1500 2000 2500

ximm

Detailed Geant4 model and sophisticated reconstruction software
allow realistic estimates of performance

@.
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ILC vertex detector

Vertex detector

Reconstruct primary and secondary vertices,
flavour tagging, bottom/charm separation
Large polar angle coverage

Unprecedented performance:

s (d,) < 5 @ 10/(p sin32 )

Stringent requirements
Resolution: 20 x 20 um?

Read-out speed: < 25/100 us

(down to 500 or even 0.5 ns)
Material: 0.1...% / layer

a (um) b (um GeV)
LEP 25 70
SLD 8 33
LHC 12 '
Lo 5

Strongly reduce the multiple
Coulomb scattering term
(0.1 % X, /layer ~ 100 um Si)

Ceo
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Technology options

ILD (see DBD) SID (see DBD) CLIC (see CDR)
Candidate technologies: Pushes for 3D integration Pusgf;ggﬁgd solution
(mature & pursued in ILD) single BX (~500 ns) time stamping 10 ns time stamping

- CMOS MAPs (Strasbourg)

- FPCCD (KEK) Fall-back scenario:

- DEPFET DEPFET, MAPs, FPCCDs

Several alternatives
high-resistivity substrate CMOS sensors

multi-tier 3D pixel sensors.

CEPC (see pre-CDR)

fine pitch, low power consumption and fast readout

DC machine, no power-pulsing!!!

Current effort

DEPFET is mentioned prominently Adequate presence in ILD
Essentially no effort in SiD
Some involvement in CLIC
Some interest from CEPC

Ceo
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http://ific.uv.es/~fuster/DBD-Chapters/
http://ific.uv.es/~fuster/DBD-Chapters/
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http://cepc.ihep.ac.cn/preCDR/volume.html

DEPFET@ILC publications

Document by LCC detector R&D liaisons will contain ~two pages on DEPFET

DEPFET active pixel detectors for a future linear
e e collider - Report for the ECFA Detector R&D

review, DESY, June 2014 ECFA detector RED panel
June 2014

The DEPFET collaboration (www depfot org)

E-mal: marcel vos@ific_ur .es, cmarinas@oni-bonn . de,
chik@hl]l mpg.de, lca@hll mpg.de

ABRSTRACT: The DEPFET collaborecion develops highly pranular, ulira- transparent sotive
pixel detectors for high-performance vertex reconstruction at ete™ collider experiments,
such &5 Belle I and & foture ete— collider &t che energy froncior. In this repore, we roview
MEASUTSNents on prototypes thet prove the potentisl of che DEFFET operation principle About  Archive  Current lssue  Subscribe  Search  Contact

About LCC ILC Home CLIC Home Physics & Detectors Newsline Tools

and provide a scatus report for the development of a complete detector concepd, including
solutions for mechanicel support, cooling, and sorvices. An overviow = also given of LOC-

specific R&D. Basod on this experience we revisit che expected performance of a DEPFET-
bised veoroox detector and show that DEPFET can meet the stringent requiremencs of the IC

detector concepts for a future linear et e collider, THE NEWSLETTER OF THE LINEAR COLLIDER COMMUNITY

AROUND THE WORLD

DEPFET active pixel detectars for the linear collider

ILC line

The ECEA LC2012 Marcel Vos reports on behalf of the collaboration
December 2012 = == -

Setting the course for 24 January 2013

European particle physics

Hiking like an electron Solid-state devices for charged particle tracking proved their value in high : ; i
|mpressions from energy physics in the most internal layers of the experiments of the Large B8 eawn
Halml)urg Electron Positron Collider LEP at CERN, where they provided precise &0l
information on the production vertex of charged particles. These silicon = [ @ roscococemm
Download the current micro-strip detectors consisted of a thin reverse-biased pn-junction § spl- A PADHCESYCIRNTIAZ
TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 6, NO. 1, SEPTEMBER 2010 1 issue as a full .pdf J- segmented in narrow strips, each of which was read-out by an amplifierand € [
[ —— analog-to-digital converter on a read-out ASIC. After a rapid evolution fueled E 40

DEPFET active pixel detectors for a future linear
eTe~ collider

The DEPFET collaboration -
(vt o) supporting paper for ILC TDR
O. Alonso, R. Casanova, A. Dieguez, J. Dingfelder, T. Hemperek, T. Kishishita, T. Kleinohl, M. Koch, H. Kriiger,
M. Lemarenko, F Liitticke, C. Marinas, M. Schnell. N. Wermes, A. Campbell, T. Ferber, C. Kleinwort,
C. Niebuhr, Y. Soloviev, M. Steder. R. Volkenborn, S. Yaschenko, P. Fischer, C. Kreidl, L Peric, J. Knopf, .
M. Ritzert, E. Curras, A. Lopez-Virto, D. Moya. I. Vila, M. Boronat, D. Esperante. I. Fuster, I. Garcia Garcia, I n I E E E T N S 60 2 (20 12)
C. Lacasta, A. Oyanguren, P. Ruiz. G. Timon. M. Vos®, T. Gessler, W. Kiihn, S. Lange, D. Miinchow, B. Spruck. ) b}
A. Frey, C. Geisler, B. Schwenker, E. Wilk, T. Barvich, M. Heck, S. Heindl, O. Lutz, Th. Miiller,
C. Pulvermacher, H.J. Simonis, T. Weiler, T. Krausser, O. Lipsky, S. Rummel, 1. Schieck, T. Schiliiter, - . -
K. Ackermann. L. Andricek, V. Chekelian, V. Chobanova, J. Dalseno, C. Kiesling. C. Koffmane, L. Li Gioi,
A. Moll, H. G. Moser, F. Miiller, E. Nedelkovska, J. Ninkovic, S. Petrovics, K. Proglhmann, R. Richter, A. Ritter, Stl I I th e Oﬁl CI al SO u rce

M. Ritter, F. Simon, P. Vanhoefer, A. Wassatsch, Z. Dolezal, Z. Drasal, P. Kodys, P. Kvasnicka, J. Scheirich

Y Y )
DEPFET wksp, Seeon, May 12™ 2015 Marcel Vos 13


mailto:DEPFET@ILC
http://ieeexplore.ieee.org/search/searchresult.jsp?newsearch=true&queryText=depfet+and+future&x=0&y=0
http://ific.uv.es/~vos/ECFA_DEPFET.pdf
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ECFA detector R&D review

Recommendations:

The DEPFET collaboration has developed a detector ladder that already now meet many ILC
requirements.

For the ILC the main challenge is to engineer the forward tracking disk region. We recommend that the
work on forward petal continues to demonstrate that petals that meet ILC requirements can be made...
that more effort is made on the transition and forward regions to find a credible engineering solution
taking into account mechanics, cooling and services.

The work on micro-channel cooling can profit from collaboration with other groups doing the same
development. - AIDA2020 WP9

The ILC tracker is significantly larger than the Belle Il vertex detector and the all-silicon ladder requires
a very sophisticated fabrication process with many processing steps. — yield for Belle Il

Not all issues for ILC will be addressed in the Belle Il development hence additional support will be
needed for developing the DEPFET technology for use in an ILC tracker.

cf. “One of the main limitations of state of the art CMOS sensors comes from a rather low readout speed.”

Ceo
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DEPFET @ LC - barrel

during clear

1%t sample
gate on o

|

clear on

DEPFET current output / pA
o

15 F time/ns + 90 ns

«—— gate off / clear off
Il 1 1 1 L

-2.0 -1IU 0 1:.'} 2.{1 3:‘;‘! 40 S.U 6t0 ?IE} BI{J 9I0
Time (ns)
VXD0 - 12.5cm long barrel

layer with read-out ASICs on >

both ends.

Pixel size:
Center (|z|<1) - 25 x 25 um?
1<|zl<2cm - 25 x50 um?

|z| > 2 cm —~ 25 x 100 um?®

Read-out speed: current state-of-the-art
allows for a row rate of 1/100 ns.
Room for improvement.

170,5
85,25

Column depth: 1025 pixels/half-ladder
Multiplexing: 2 (4) rows sampled in //
Row rate: 1/80 ns

Frame time: 40 us (20 us)

Ceo
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Impact parameter resolution

. . 3
VXD: impact parameter resolution 5 - 10 um. =
Forward vertexing in ILD: 510" 100 pm
http://arxiv.org/pdf/1303.3187.pdf <
—_— 1 GeV :
— 10GeV 10°E A9 10um
— 100 GeV
-------------- a=5,b=10
10-3 l | | | l l l l l
90 80 70 60 50 40 30 20 10
polar angle 6 (degrees)
Sensitive 0.053 % X
Frame 0.073 % XO ]
Switcher ~ 0.015 % X — Material budget
Cu layer ~ 0.007 % X (averaging over ladder active area)
Bumps 0.003 % XD
Total ladder 0.15 % X_ - e e R
1000F 7
E 800 -
N - ]
S 600 -
Spatial resolution —»  § 40} :
(simulation, perp. Incidence)  © 200} =
E.. 02: ]
20 15 -10 -5 0 5 10 15 20
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Disk design

One major difference between Belle Il and LC is the polar angle coverage
- Implications for support, cooling and services of the barrel detector
- Requires “end-cap” with pixelated disks

— adapt “ladder” design to “petal’ geometry

DEPFET solution for end-cap developed

concept - CAD - mechanical dummy — active petal

Ceo
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Full mock-up

Subject thinned petals to ILC environment:
- ILD/FTD geometry

- low-mass CF support structure

- pulsed power in heater circuits

- forced air flow for cooling (no liquid!)

And monitor thermo-mechanical properties:

- thin petals are very rigid when subject to perp. force
Deformations are 3x larger than solid 450 um thick petal
Deformations are 23x smaller than solid 113 um thick petal (same material)

- pulsed power with ILC duty cycle (1 ms on, 200 ms off)
No sign of fast temperature excursions (t~3 S)
No sign of vibrations induced by power pulsing (for B=0)

- small temperature increase for nom. power and 1/25 duty cycle
AT ~ 3 degrees for single petal

- cooled very effectively by air flow of 1 m/s
AT ~ 3 degrees even for ¥ duty cycle

- air flow induces measurable vibrations
Frequency varies with clamping: 60 Hz (1-point support) to 300 Hz (3-point)
Amplitude controlled to few microns if correctly clamped

Thin petal thermo-mechanical performance
reproduced by Finite Element simulation

DEPFET wksp, Seeon, May 12™ 2015
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Micro-channel cooling

DEPFET generates > 80% of heat on the end-of-ladder area
Micro-channel cooling is very effective to remove this heat

Zoom of inlet

Detail of manifold before wafer bonding

Integrate in DEPFET all-silicon ladder concept;
micro-manifold etched in handle wafer, sealed when

active wafer is bonded on top

Inlet and outlet (340 x 380 um?) accessible in-plane

Several samples produced at HLL
Heater circuits in Al metal layer to mimic heat loads

X-ray image of end-of-ladder with integrated micro-manifold

Marcel Vos 20



Micro-channel cooling

Proof-of-principle tests at U. Bonn are very promising

Cooling setup for characterization
“swagelok” world: pumps, flow-, thermo-, manometers

Plastic interconnect

3D printed to 15 um precision
Self-aligning: bottleneck is Si inlet/outlet

Sealed with glue
Success rate: 2/2

Electrical connections
Mini-PCB with wirebonds and soldered

wire connects heater circuits

For detectors operating above 0° C, prefer mono-phase (water) cooling
Controlled environment to quantify cooling performance

Operated non-stop for a week; no leaks, no clogging...
tress test: over 100 W on end-of-ladder, up to 3 I/h (but less than 10 bar)

EL
DEPFET wksp, Seeon, May 12™ 2015 Marcel Vos

21



MCC results

INLET
DCD powered (6W) | The micro-circuit is an amazing heat exchanger;
moderate liquid flow (0.4 I/h) i - -I—Si up tO (at |ea5t) 3 I/h ﬂOW
=50
% - Max. allowed power for 10
245 degree C temperature increase
g - 1
HOTSPOT: DCD OUTLET: HOT < 40— ¥
s F
35/
Cooling power for local (DCD) 20C
heat dissipation is great: :
25
Cool away over 40 W on cm? oF.
with AT ~ 10 degree C -
150
And the limit is not in sight 101
AT/P ~ ¢ up to max. pump power 5
- O_II_,II|IIII|IIII|IIII|IIII|IIII|I
Low-pressure solution 0 0.5 1 15 2 25 3

) liquid fl I/h
All this at less than 10 bar iquid flow [I/h]

Ceo
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INLET, DCD, OUTLET: COLD

MCC results

. DCD, sensor, SW powered (6W, 1W, 0.5 W)
Note: thick ladder, heat transfer for maximum liquid flow (2.5 I/h)

thinned sensor expected to be worse

O ool

g22E .

g8 Silicon bottle neck:

:18:— temperature saturates HOTSPOT: TIP OF SENSOR
16—
14— )
12— Nominal power on ladder
103_ O DCD (6 W) + sensor (1W) + SW (0.5 W)
gl @® nNominal power on DCD
N Local cooling can be
J Improved ~indefinitely

: Silicon heat transfer limits

2_ performance when power is
- R .} dissipated far from the MCC

liquid flow [I/h]

MCC is excellent solution for localized heat dissipation
For long DEPFET ladders, add gentle air flow (or extend MCC to sensor/balcony)

Ceo
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Impact on mechanics

PSD
Sensor Clamped on end- : o - —EI\IO fluid circulation
Of-ladder Side Only “J”%— —— Fluid circulation 15% (0.45 I/h) 3
o E Fluid circulation 50% (1.47 Ih) =
FFT of the position of the e BidFon B
tip the sensor b S N 'J'wf‘“u“lﬁn’!"‘.rg"d.'rw _:
E | ?\ B :
Fluid circulation through "= [ |
the micro-channel circuit o * “*\\/ Il
does not induce S B “\/w 1 “
vibrations ol | ll |"| ,| .
m];_ \\ |H||r1L”ppH\ lj { ' J
. - = Vv e PPN | WpeT
Temperature varlat_lor_ls ! /ff L\m m \ kuml rowm
do induce slow variations ~ *"¢ ! WHMWWMWMW WP‘
(stability under study) ;
Frecuency [Hz] o
No cooling - RMS = 0.3 um
Liquid circulation (1.51/h) - RMS =0.5um
Liquid cooling - RMS~ 1pum Even in quite exposed situation, MCC has no
Air cooling (3 m/s) - RMS =57 um

significant impact on mechanical stability

Ceo
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Conclusions

A global LC hosted in Japan...
It might just happen!
Be ready to react If it does.

Small, but adequate, DEPFET presence in LC:
- contributions to ILC TDR & liaison report, IEEE TNS paper, ECFA R&D report
- Regular reports in LC workshops (ALCW15, LCWS14, ...))

DEPFET remains a solid candidate for the ILC VXD:
The best argument for DEPFET is: success of the Belle Il PXD

LC-specific developments:

- continue to improve system performance (S/N, speed)

- smaller pixels, deeper columns, larger #columns

- petal design + pulsed power + air-cooling - FTD mock-up

C - micro-channel cooling seems very promising — AIDA2020 funding
Coo
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Summary: LC vs Belle-Il

ILC Belle-Il
occupancy 0.13 hits/um?/s 0.4 hits/um?/s
radiation < 100 krad/year > 1Mrad/year

10" 1 MeV n,/year 2 10% 1 MeV n,/year
Duty cycle 1/200 1
Frame time 25-100 us (10 ns @ CLIC) ZANTES
Momentum range All momenta Low momentum (< 1 GeV)
Acceptance 6°-174° 17°-150°
Resolution Excellent 3-5 um Moderate

(pixel size = 20 x 20 um?) (pixel size = 50 x 75 um?)
Material budget 0.12% X /layer 0.15 % X /layer

Belle-ll presents a more severe challenge than the ILC in several aspects!

Ceo
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Resolution

Spatial resolution of an
ILC design DEFPET
vertex detector
predicted by digitizer

VS. Incidence angle

P
e >OF
2 ~
s 51
© & RPhi pitch 20um
o 4.5
o
= 4
[« 9 —
o -
35F—
: _\-\_\-\__—\—\_\_\_\_
3 ‘-H“'“ﬂ-h,__q__ P
2-5 — -\-\_E-\-\._\_\_ _ﬂ__,-'-"'_ﬂ-_r -
2F
1.5
.1 : i I I | Il i [l Il I i Il Il Il I i 1 1 Il 1 1 1 I i i i I 1 1 L i
0 = 10 15 20 25 30 35

I [degree]

Charge sharing helps improve the resolution (up to a point)
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Spatial resolution for shallow tracks

-
o

—
L=
T ||II|IE||I|IIIII||!I|1II|I

s+ Z pitch 20pm
m Z pitch 50um
» Z pitch 75um
v Z pitch 100um

v

Some degradation of the
resolution towards the end-of-
ladder seems inevitable
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European Strategy - old

The LHC will be the energy frontier machine for the foreseeable future, maintaining
European leadership in the field; the highest priority is to fully exploit the physics potential
of the LHC, resources for completion of the initial programme have to be secured such
that machine and experiments can operate optimally at their design performance. A
subsequent major luminosity upgrade (SLHC), motivated by physics results and operation
experience, will be enabled by focussed R&D; to this end, R&D for machine and detectors
has to be vigorously pursued now and centrally organized towards a luminosity upgrade
by around 2015.

In order to be in the position to push the energy and luminosity frontier even further it is
vital to strengthen the advanced accelerator R&D programme, a coordinated programme
should be intensified, to develop the CLIC technology and high performance magnets for
future accelerators, and to play a significant role in the study and development of a high-
intensity neutrino facility.

It is fundamental to complement the results of the LHC with measurements at a linear
collider. In the energy range of 0.5 to 1 TeV, the ILC, based on superconducting
technology, will provide a unique scientific opportunity at the precisionfr ontier, thereshould
be a strong well-coordinated Eur opean activity, including CERN, through the Global
Design Effort, for its design and technical preparation towards the construction decision,

to be ready for a new assessment by Council around 2010.

G
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European Strategy - updated

The discovery of the Higgs boson is the start of a major programme of work to measure this particle’s
properties with the highest possible precision for testing the validity of the Standard Model and to
search for further new physics at the energy frontier. The LHC is in a unique position to pursue this
programme. Europe’s top priority should be the exploitation of the full potential of the LHC, including
the high-luminosity upgrade of the machine and detectors with a view to collecting ten times more
data than in the initial design, by around 2030. This upgrade programme will also provide further
exciting opportunities for the study of flavour physics and the quark-gluon plasma.

To stay at the forefront of particle physics, Europe needs to be in a position to propose an ambitious
post-LHC accelerator project at CERN by the time of the next Strategy update, when physics results
from the LHC running at 14 TeV will be available. CERN should undertake design studies for
accelerator projects in a global context, with emphasis on proton-proton and electron-positron high-
energy frontier machines. These design studies should be coupled to a vigorous accelerator R&D
programme, including high-field magnets and high-gradient accelerating structures, in collaboration
with national institutes, laboratories and universities worldwide. e.

There is a strong scientific case for an electron-positron collider, complementary to the LHC, that can
study the properties of the Higgs boson and other particles with unprecedented precision and whose
energy can be upgraded. The Technical Design Report of the International Linear Collider (ILC) has
been completed, with large European participation. The initiative from the Japanese particle physics
community to host the ILC in Japan is most welcome, and European groups are eager to participate.
Europe looks forward to a proposal from Japan to discuss a possible participation.

Ceo
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