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Outline
» Report of IWLC 2010 (Geneva, October 18-22, 2010)
v’ Linear Collider status
v Future

» Spanish Network

v Activities and Projects

Accelerator, GDE Report 2 Brian Foster
Detlector tracking and vertex> Marcel Vos
AIDA Project> Ivan Vila

Accelerator, detector activities =2 A. Faus, D. Carrillo, C. Lacasta,

M.C.Fouz, C.Padilla, M. Fernandez, I. Vila, A.Arbat, G. Pellegrino, A.
Gallas

Physics 2 J.A. Aguilar-Saavedra
/+D+i programme 2 F.del Aguila, General Discussion=>All

A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010)



Global Plan for SRF R&D

Year

07 2008 2009 2010 2011 2012

Phase

TDP-2

Cavity Gradient in v.
test

to reach 35 MVV/m

- Yield 90%
- Yield 50%

Cavity-string to reach
31.5 MV/m, with one-
cryomodule

Global effort for string
assembly and test

(DESY, FNAL, INFN, KEK)

System Test with
beam

acceleration

FLASH (DESY), NML (FNAL)
STF2 (KEK, test start in 2013)

Preparation for
Industrialization

Production Technology R&Iﬂ

B. Barish, IWLC 2010



Technical Design Phase and Beyond

ERDR ACD conce&pts

k&D Demonstrat;ions

2009 2010 2011 2012 2013

B. Barish, IWLC 2010




ILC possible timeline

CY 2010 2011 2012 2013 2014 2015 2016 2017 2018
Baseline established Technical Design Report completeb N
ecision to proceed
| TDR reviews
ILC Technical design & R&D program | Site EQI's Site/host established
| : :
Cost E;timating SRF Isystem tests
I
Project Implementation Plan complete XFEL operation
Physics Run 1 | Interconnect repair Physics Run 2
| |
I I I
LHC

Existence of low-
lying SUSY known ‘

Higgs energy
scale known

B. Barish, IWLC 2010




Detectors

Big advances through collaborative
projects
As e.g. EUDET =2 AIDA, ...

J. Mnich, IWLC2010

® Very rich detector R&D programme for
a Linear Collider

 Very good progress in many projects

» Good collaboration ILC-CLIC

Pre-EUDET ik

 LC detector R&D has impact on other (Vienna 2005)

projects, e.g.
* LHC
« B-factories
« and beyond HEP

» Funding is critical

* Define plans until 2012 and beyond + many other advancements in
* Priorities

* Integration & ,,low tech* issues tracking, calorimetry, ...
A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010)
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Accelerator a (um) b (um)
LEP 25 70
SLD 8 33
LHC 12 70
CLIC <5 <15
ILC <5 <10

——

E=Err-vny

MIT-LL Three tiér SOI wafe

Belle 11 VXD with DEPFET

(2014)

Vertex: low material, high
granularity, good single point
resolution, low power
consumption, time resolution

Some almost mature technologies

lllllllll

Sardm arm

STAR@RHIC with Mimosa
(2012)

Others in well advanced R&D status

iz (Jornadas ILC. Valencia 25-26 Octubre, 2010)



Marcel Vos

MIMOSA, Strasbourg CMOS MAP  Maturity, TB, EUDET telescope  STAR VXD (2011)
transparency

DEPFET collaboration  MPI process  All-Si solution TB Gelle-1 (2014
X-ray imagers

TimePix Hybrid time-stamping Medical imaging LHCb VELO upgrade, TPC

APSEL, INFN CMOS MAP  Read-out speed 1B SuperB

Spider, STFC CMOS MAP  speed 1B calorimetry

ISIS(2), STFC CCD power 1B

SOl MAPs, LBL S0l Depletedsensor ~ TB

ChronoPix speed Bench test

Avalanche devices, CMOSAPD  Ultra-fast signal proof-of-principle photo-sensors

Obninsk, Barcelona

VIP, FNAL Vertical combine speed proof-of-principle

Interconnect  and precision

A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010)



Tracking:

» Mlcromegas based measurements First momentum measurement:
Well advanced | 608405 ] — Only Factor 2 worse than required
R&D on 160 |Nar 390404 ] _ = =5
gaseosusand ~ E4- : = Asian GEM T
.. . : 120 - 20 mOdule Sigma  0.01984 - 0.00128
silicon tracking £ - ]
s | J” .
g 60 : . .m:_ I w
40" 80 um resolution at i . WHH |
20 - - . s O1,/Pt
NN 2minB=3.5T! 5 i
0 10 ] Major achievement 0 o058 03 632 o 0% 0% o4 04

Alignment Principle: shine laser beam through Si-layer (a la CMS)
But: develop more transparent sensors (20% = 60% transmission)

Readout: very wide field.
Development of mixed analogue- digital 128 channel ASCIC (SiTR chip)
Integrate the pitch adapter on the sensor
Sophisticated infrastructure and test benches developed
(in Europe within EUDET)

Engineering aspects: Support structures
» Develop engineering concept for technology Power pulsing
* Develop powering and cooling concepts for system Cabling, services

A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010)



Towards an engineering design g

Z L S F (A
&/ =TS \%\Z’_\\\

Naif preliminary design
— Must be enhanced

» June Workshop held in Paris ( Vertex
MDLFTD)

» Cabling / Services
» Realistic Module design

* Support Structure

— Beam Pipe / Vertex / FTD as a part _
(IMP) (Plots:David Moya

— IMP with TPC (|FCA))
A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010)
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Cuadro de texto
(Plots:David Moya 


Calorimetry:

PFA in one word

Jet Energy Resolution o/Ejet (%)

0.3

0,25

0,2

0,15

0,1

0,05

Jet energy resolution

+ TESLATDR 2001 - PFA _LLR

- JETS with G4 sim. & rec

. PAMDORA 2010 - PFA
| JETS with full G4 sim. & rec

A DREAM : Measured
on single pion

ALEPH measured
CDF measured

E S0 100 150 200 250

Jet Energy (GeV)

J-C. Brient - IWLC 2010



Neutrals reconstruction

CALORIMETER
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Technology tree

Micro
RPC GEM megas

T-C. Brient - TWLC 2010



Calorimetry: £ -
=08 e
Particle Flow concept, double-track & =~ .
resolution with test-beam data g vow |
DHCAL test beam at FNAL: cubic metre steel g R — bhee - lber .
instrumented with RPCs O e

e Distance between shower axes [mm]

sDHCAL, Power Pulsing test beam, with magnetic
field , 3Tesla. Technological prototype with
integrated electronics and ASICs

100

»|3TBfield] 4 E

—=— No Power Pulsing

LumiCal, BeamCal testing, good preliminary
results
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Frank Gaede, IWLC 2010, CERN, Oct 18-22, 2010

ILD Core Software Tools

Mokka (Lr)  IRMNMGSORES

geant4 simulation application ;“ FNYL (YL Y
L 'k_--_._,--" |___.-' ‘\..\U.-____--_ | \ ___.-"
LCIO (DESY/SLAC) ~ N ——Y e =\
I Simulation ' Recon- | ‘r Analysis |
' . . i
international standard for persistency | ceneraor || is sueton
geantd Marlin - framework

format / event data model " |MarlinUtil, CED, MarlinReco,..

Marlin ﬂv ﬁ ﬁ

Gear - geometry description
LCCD - conditions data

core application framework for

reconstruction & data analysis complete framework used in
GEAR geometry package f. reconstruction Monte Carlo & ‘real experiments'”.
LCCD m ILD detector concept studies
=2t | Calice calo festb
iti : 4 alice calo testbeam
conditions Tracking o toctt
i - | - estbeam
data toolkit (DB) E—— .
CED ] g EUDET - Pixel Telescope
mll-em:lnsx
synergies between testbeam
3d event display A2 ynerg

MyInput.slcio imi .
p E)utputpmc a;und global detector op’rlmlznflog




Frank Gaede, IWLC 2010, CERN, Oct 18-22, 2010

new Mokka release - towards ILD_0Ol

P.Mora de Freitas
»major rewrite of some sub detector drivers :
+ SIT, SET, ETD - FTD - Muon
+increased level of detail and realism (incl. services)
+ driver for overall services for TPC, Ecal, Hcal
+ added electronics boards to ECal and Hcal

Muon chambers
inside Yoke in
the right place?

Detailed Coill,
but with muons
chambers
inside?

work of many people:
A.Charpy, J.Duarte, A.Saveliev, G.Musat,
A.Lucaci, P.Mora de Freitas,....

17



Physics performances

» assessed through the chosen benchmark processes

« SM background generation common to all concepts (SLAC)

» beamstrahlung-induced background included

» full simulation and reconstruction

» Higgs mass determination in (Z—I"1") H :

36-50 (59-97) MeV for uu (ee) (all)

» Higgs BR H—c cbhar : precision ~10% (ILD, SiD)

» precision EW measurements with ee—1t . o, Agg, P, (ILD, SID)

» t tbar production : t mass to 30-60 MeV, b-tagging (ILD, SiD)

» gaugino pair production: separate W and Z (jet energy resolution)
best with dual read-out calorimetry (Fourth), still acceptable for particle
flow (ILD, SiD)

» PF still works at 1 TeV (ILD)

- exercice very useful: proposed concepts able to exploit ILC potential;
reveals ability to carry out complex analyses with realistic simulation

- analyses still in flux: several unexplained differences

Albuquerque Sept 29 M. Davier IDAG
‘09



Summary

sSummary

@ Benchmarks proper, all at 1 TeV:

o vvH,H — uu, bb, cc, gg, WW*

o ttH, H — bb

o W W~ for polarisation

e |LD and SiD should co-operate at the analysis level.

@ Redo LOI tt FB asymmetry at 500 GeV.

@ A ILD - SID coordination on other studies, aiming at the Physics
Volume:

o Different levels of ambition: literature— FullSim
@ What should we do with ZHH ?

Mikael Berggren (DESY DBD physics benchmarks - update and discus October 21, 2010 12/12



In conventional wisdom, what follows from this is the following:

1.) If new particles are found at 7 TeV and 1 fb-1, their energy
scale is likely to be about 500 GeV. Then the ILC is the tool that
we need.

2.) If the new particles are not found at 7 TeV, their energy
scale is higher, and ILC is not the right machine.

If we are lucky, new particles will be found in 2011,

but the real expectation is simply that these particle have
masses at the TeV energy scale and will be found in the longer
LHC program.
But, there is a deeper problem with point 2. The

statment is completely wrong !
It asks the wrong question. The right question is:
When we discover new particles at LHC and are mystified

by their properties, when energy must we have in e+e-
to obtain information that will solve the mystery ?

Particle physicists will always ask for higher energies.
But, what we really want is better knowledge.

M. Peskin



summary.

A discovery profound enough to motivate the next collider will
open a new and unexplored realm of physics.

This discovery will raise questions that we will want to answer
urgently.

We will not want an ultimate-energy machine. We will want the
machine that gives the answers to these urgent questions.

In this talk, | have given several examples in which the LHC
discovery involves particles of high mass, but new information
from a Linear Collider requires only 500 GeV.

This is the logic that motivated the ILC proposal in the first place.
That logic is still correct. one final point:

There is a significant opportunity for the discovery of new
particles in the 2011 LHC run at 7 TeV. In this case, the
magic moment of discovery will come in 2011 or 2012.

Presidents, legislators, and journalists have an attention span
of years, not decades. We should be ready with a case for a
new collider that addresses the physics questions raised by
this discovery and can be implemented immediately.

In 2012, the only LC technology on the table will be ILC. To
take advantage of the opportunity, we have be ready, as a
community, to go forward with the ILC.

A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010) M Pesk| N



Impact of ILC precision for the Higgs couplings

SM vs. BSM physics:

Dewviation from SM value

+30%
+20%
+10%
0%(SM)
-10%
-20%

-30%
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= Precision measurement of Higgs couplings allows
distinction between different models

Cince a Higgs candidate has been detected, how precisely does one need to measurs the properties of such a state?, Georg Weiglsin, IWLC2010, ECFA Plenary Session, Gensva, 100/ 2090 — p @



Strongly-Interacting Light Higgs: deviation of
o x BR from the case of a SM Higgs

[|G. Giudice, C. Grojean, A. Pomarol, R. Ratazzi '07]

l.ﬂulu..

o(VBF) BR(h-WW.,ZZ) -
-------- o(h) BR(h-+yy)
————— o(tth) BR(h-~bb)
05 — - — — —  g(VBF) BR(h»71), —
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Sensitivity at LHC: 20-40%, ILC: 1%
= |LC can test scales up to ~ 30 TeV

Cnce a Higgs candidate has been detectad, how precisely does one need to measure the properties of such a state?, Georg Weiglein, WWLC2010, ECFA Plenary Session, Genesva, 10/ 2010 - p 8



Where we are

Fall 2007: Call for LOIs was made by ILCSC

Jan. 2008: Detector management was formed

Mar.2008: IDAG formed & 3 LOI groups known

Mar.2009: 3 LOls submitted

Summer 09: IDAG recommendation for
validation and ILCSC’s approval

Oct 2009: Work plan of the validated groups

Mar:2009: IDAG began monitoring the groups

End 2010: Interim report to be produced

End 2012: Detailed Baseline Design Report

including physics case

2010/10/22 5¥amada IWLC2010




What will happen to DBDs ?

* The question = “How ILC will be pushed forward
after the TDR phase ?’

* We need a clear view about how the ILC project
will be brought forward toward realization.

* We are all waiting good news from LHC.

* But cannot simply wait putting the completed
documents on a bookshelf.

* There are more R&D to continue, remaining
physics studies to be refined. The mechanism for
these efforts must be strengthened, too.

2010/10/22 SYamada I'WLC2010 7



Coordinated FLC detector- effort in Spain

Si L C

IFIC, IFCA (since 2005), UB, CNM, USC
IFCA->EUDET member, several associates
New EU project: AIDA

otPF&,  Strong Spanish participation in DEPFET
IFIC (since 2005)
A, & USC, UB, URL, CNM (since 2008)

ere 0 IFCA ( mechanical alignment and integration)

CALICE
CIEMAT Madrid

and activities In
accelerators R&D

Coordinated effort :
- regular meetings

Also some - funding/projects
theoreticians involved - R&D interests

(Granada, IFCA, IFIC...)  _the forward tracker...

A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010)




Spanish interest and evolution

| usc | [ UB/URL |

|Tracker| | SPD |
[ USCICIEMAT | 1

e
CowsS (BeleliSupers

Muons Alignment l
[CIEMAT/FCAILO] Vertex-Tracking
DEPFET
EndCap
Tracking/Cal
|Vertex |Tracker| | ECal | | Hcal | CNI'\F/'I-'CMB
UB
CNMLIMB/IFAE URL gI\IIIiAMI,:ATB
usc -
CNM-IMB/IFIC use IFCA
IFIC
uB
URL
usc

A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010)




Strong Collaboration between different
groups

CNM-IMB infrastructure used for R&D,
for Future L.C. in particular

Easy access through the Spanish
“Access to Large Facilities”
Program: ICTS GICSERV

New ion implanter for 6”’

IR transparent detectors

ALIBAVA detector readout system

Thin strip detectors for CMS and ILC

Modules for ATLAS upgrade

3D pixels for CMS

ALIBAVA Telescope

R&D in radiation detectors at CNM =

3D pixels for LHCb

Planar & 3D pixels for IBL and ATLAS il ol

upgrade

Bump bonding packaging APD simulation of LC

A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010)




» Santiago de Compostela

University

« University of Barcelona
« Ramaon Llull University

« IFIC, Valencia 66? e

iversitit =
T &\

UNIVERSITAT DE BARCELONA

I

Avalanche photodiodes in standard CMOS technologies

Learning from the fabricated structures: STM 130nm, AMS 0.35um
Detector instabilities (dark counts, afterpulsing, cross-talk)

( high gain, simple readout
electronics,
so low power consumption,

Centre Naclonal de Microelecironica  IMB




FOS
Sensors

FOS in

iftaeri FOS in CFC

(EEID@ Geometry

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn B Optimization:
Simulation

A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010)



Alignment: Optical computation validatic &

Validation of optical simulation
software with material samples (planar
multilayer samples) Obtain optical
parameters

Validation of optical simulation for
layered diffraction grating.

Optical simulation of optical test
structures and actual sensors.



% R&D on mechanics: Bragg grating

F * Fiber Bragg Grating optical transducer very common
to measure strain and temperature

Sensor grating period A ~ 250 .. 500 nm

Sensor diameter 125 pm
Sensor length 1.. 8 mm

rrrrr

= Optical single-mode fibre:
Fibre core diameter 5 .. 10 pm

index

Calibration of bare fibers with different coattings

(acrylate, polyimide, ormocer) and without coattings.
A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010)
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Towards an engineering design

Naif preliminary design
— Must be enhanced

* June Workshop in Paris ( Vertex,
MDLFTD)

» Cabling / Services
» Realistic Module design

* Support Structure

— Beam Pipe / Vertex / FTD as a part
(IMP)

@

— IMP with TPC (Plots:David Moya
A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, a(');l@ A))



Forward tracking physics case

Forward tracking requirements at the next o ¢
collider

part 1 the phvsics case for forward tracking

I Fuster ®, 5. Helnemever ®, O Lacasta ¥, O Mariias ©, AL Buoiz ©, M. Vs ™

# FCA Sanbander

v ]I[‘.I lII-..:I.I'."Ill'.lil.

Fobruary 12, 2006

Ahsiract

i this mote we :'.lijlhu e the detectan Fequare et s of ihe Forvard track-
ing regiom for a future ete™ collider with a center-ofomass snemgy in the
range from 500 G2V to 3 TV, The melevance of the forwoard region is

mxplmd for o wids rmnge of physies processes,

Little guidance for forward detector design from
standard benchmark reactions (cos 6 < 0.95)

Together with many other analyses and
channels that we didn't discuss:

« A_jinthe bb and cc system

+ Degenerate staus and neutralino

« center-of-mass energy determination using puy
events

These examples make the physics case for
orward tracking:

At a high-energy e*e collider several potentially
very interesting physics analyses require
excellent tracking and vertexing performance.
These arguments become more urgent as the
center-of-mass energy increases. Precise
electron reconstruction is of particular
importance.

A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010)




CALi(E
Calorimeter for ILC

CALICE

ECAL w 20-30 0.5x0.5mm? Si

(D)ECAL W 20-30 0.04x0.04mm? MAPS

ECAL Pb 20-30 Ix1cm? Scintillator

AHCAL Steel ~50 3x3cm? Scintillator

(S)DHCAL | Steel ~50 Ix1lcm? GRPC/GEM/uMEGAS

Main CIEMAT participation

Purpose: assembly of a 1m3 physics prototype to be tested together with

other CALICE prototypes. In order to validate PF

layers of detector/absorber. Enough to contain
hadronic shower.

Working on design (technolo%ical prototype, having

/Main CIEMAT contribution. It will consist of 40 to 50 =

in mind using ILD techniques for a final design) ot




Aims:

* LongTerm: participate 1n the design and construction of the
forward tracker and vertex detectors of the FLC

9

* Research and development of technologies to reach accurate
and efficient reconstruction of charged particle trajectories
as well as primary and secondary vertexes

* Alignment and Integration
* Simulation and optimization studies

* Calorimetry, particle flow algorithms,...

A. Ruiz (Jornadas ILC. Valencia 25-26 Octubre, 2010)
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