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The International Linear Collider 

>  200-500 GeV Ecm e+e- collider 
§  Upgrade: ~1 TeV 

>  L ~2x1034 cm-2 s-1 

>  SCRF Technology 
§  1.3 GHz, 31.5 MV/m 

§  17000 cavities 

§  1700 cryomodules 

§  2x11 km linacs 

>  Global Collaboration 
§  ~130 Institutes 

§  no central host lab 

§  www.linearcollider.org 
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DESY and the ILC 

>  DESY is in an exceptional position to support the ILC developments 
§  XFEL experience in pushing the superconducting RF technology to industrial production 

readiness is unique in the world 

§  FLASH is the only operating ILC-like linac worldwide 

§  Advanced detector infrastructure enables DESY to play a role as a European focus for advanced 
detector technology R&D 

§  Strong physics studies groups (theory and experiment) 

>  Main objectives: 

§  Accelerator: 

§  SCRF high gradient developments using XFEL recipes 
§  FLASH beam tests with ILC-like high current beams 
§  Source developments 

§  Physics/Detector 

§  Physics studies 
§  Detector concept design 
§  R&D on advanced detector technologies (HCAL, TPC, FCAL, Vertex) 

§  Integration 

§  Project office for machine and detector integration 
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ILC Physics Studies - Exploring the Higgs Sector 

>  After the CERN discovery: understand how well a LC can do in detail: 
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SCRF: The Path to High Performance 

>  Control of niobium material 

>  Mechanical construction 
§  electron-beam welding (EBW) 

>  Preparing RF (inner) surface ultra-
clean mirror surface 
§  electro-polishing (EP) 

>  Removing hydrogen from the surface 
layer 
§  800 deg C bake 

>  Removing surface contamination 
§  alcohol and/or detergent rinsing 

§  2-4 bar high-pressure rinsing (HPR) 

by mechanical stress and deformation. The standard 
EP mixture contains HF and H2SO4 with a volume 
ratio of 1 : 9 [10]. 

• 800C firing under defined vacuum conditions in 
order to release mechanical stress and degas 
hydrogen 

• Final electropolishing of (20 - 50) µm followed by 
ultra pure water rinsing. 

• High Pressure Rinse (HPR) (Figure 6), assembly, 
HPR for the vertical acceptance test  

Details of state-of-the-art cavity preparation is 
described in [4, 9, 10] 

 

 
Figure 5: Horizontal EP setup at JLAB 

 
Figure 6: High Pressure Rinsing stand at DESY and 
Saclay 

R&D ON CAVITIES: S0 TASK FORCE 
The mission of the task forces S0 on cavities and S1 on 

cryomodule (see next chapter) is to provide the 
information needed for final choice on gradient and exact 
procedures. It was decided to apply a phased approach to 
match both, design requirements and cost effort. 

The situation before us is: 
• The proof-of-principle for (35 – 40) MV/m in nine-

cell cavities exists (Figure 7) 
• Excellent single cell results of (40 – 50) MV/m show 

that the baseline preparation techniques are at hand 
(Figure 7) 

• The yield for gradient > 35 MV/m in nine-cell 
cavities is low 

As described above many tests are limited by field 
emission, some by quench and few by hydrogen Q-
disease. The main goal of S0 is to improve the yield for 
high gradients. 
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Figure 7: Q(E) performance of RE- and LL-single cells at 
Cornell/KEK (top); collection of nine- and single-cell 
results at TTF and CERN/DESY/Saclay collaboration 
(middle), recent nine-cell result at JLab 

The way to this goal requires the improvement of 
reproducibility of cavity processing. A yield of 80% in the 
first test is aimed at. Several R&D programs are launched 
or participated in parallel to improve fabrication and 
preparation processes. General topics of investigation are: 

i) program on EP and rinsing parameters on single-cell 
cavities 

LCFOA, FNAL, Sept 05; D. Proch, 
DESY

5

Standard Cavity Production, welding
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Automatic Optical Cavity Inspection 
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Optical Inspection: Cavity Weld 
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Cavity Gradient Yield 
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XFEL Mass Production and the ILC 

>  17.5 GeV 

>  100 cryomodules 

>  800 cavities 

§  23.6 MV/m 

>  Industrialisation and mass production 

§  1 CM/week 

 

>  800 tested cavities increase 
worldwide statistics by orders of 
magnitude 

>  24 cavities from ILC-HiGrade project 
foreseen for ILC high-gradient 
programme 

>  Expect very reliable yield numbers 
for 1st pass treatment 

§  good impression of 2nd pass... 

>  Centrifugal barrel polishing machine 
for surface preparations coming soon 

higrade
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9mA Beam Studies at FLASH 

Julien Branlard |  ILC 9mA tests at FLASH  |  02.07.2012  |  Page 6

I. Specific objectives for the 9mA study

> Operation with gradient spread from a single source
� operating gradient spread for ACC67 around +/-25%

>  Operation with high beam current
� gain experience with beam loading

>   Operate as close as possible to the quench limit
� challenges linked to low RF overhead

> Focus on ACC67
� highest gradient
� piezo
� QL motors

 
Unique ILC type beam facility 

XFEL ILC FLASH 
design 

9mA 
studies 

Bunch charge nC 1 3.2 1 3 

# bunches 3250 2625 7200* 2400 

Pulse length µs 650 970 800 800 

Current mA 5 9 9 9 
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9mA Beam Tests at FLASH 
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Global Mass Production Scenarios 

>  Industrialisation studies are 
the key to realistic cost 
estimates 

>  Major DESY contributions: 
§  XFEL experience 

§  ILC-HiGrade 

§  Industrial studies 

§  Cavity construction and 
surface preparation 
(Research Instruments) 

§  Cryomodule assembly 
(Babcock-Noell, CERN) 

>  Impact on TDR cost update 

Cost 
Effective 

Mass 
Production 

Cavity 
Specifications 

Plug 
Compatible 
Interfaces 

Vendour 
Models 

In-kind 
Contribution 

Models 

Production 
Process 
Models 
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DESY Detector Strategy 

>  Strategy: 
§  Define a detector concept for the Linear Collider that is 

optimised for particle flow and maximises the physics 
performance 

>  Physics studies: 
§  Understand and optimise the analysis strategies 

§  Optimise detector requirements 

>  Detector System R&D: 
§  Tracking system with high efficiency: 

§  Time Projection Chamber 

§  Calorimetry for particle flow: 
§  HCAL with high granularity 

§  Vertexing, Very Forward Calorimetry (hermeticity), 
Polarimetry 

>  Concept definition: 
§  Simulation and reconstruction software for particle flow 

§  Detector engineering and integration 

>  New detector technologies: 
§  Sensor studies: pixel and pad sensors, SiPM 

§  Electronic studies: integrated readout systems 

 
 



Karsten Buesser  |  International Linear Collider  |  11.04.2013  |  Page 14 

Particle Flow Reconstruction 
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ILD Performance 
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Vertex Detector R&D: PLUME 

>  Pixelated Ladder with Ultra-low 
Material Embedding PLUME 

>  Goal: double-sided ladder prototype for 
ILD vertex detector with material 
budget < 0.3% X0 

>  First full-scale ladders fabricated in 
2011(0.6% X0) 

§  12 MIMOSA26 thinned to 50µm 

§  One ladder at DESY for power pulsing 
studies 

§  Silicon carbide foam stiffener 

>  Beam tests at CERN proved good 
electrical performance 

>  Beam tests at DESY planned for this 
summer 

>  Power pulsing study at DESY ongoing: 

§  MIMOSA26 full operational 4-5ms after 
full turn on 

the geometry required by the inner layer of the vertex detector for the ILD: a sensitive length
of 12.5 cm, a thickness of 2 mm and a material budget around 0.03 % of X0. The ladder
design follows a classical approach: six sensors are connected to a low-mass flex-cable to
form a module, then two modules are glued on both sides of a mechanical support to form
the double-sided ladder. Most of the stiffness of this sandwich-type layer stems from the
two modules rather than from the support, which serves essentially as a spacer and can be
made of low density material.

After a very first prototype in 2009 [4], the first full-scale ladders were designed and
fabricated in 2011. The micro-cables are made of two 20 µm thick metal layers of copper
interleaved with 100 µm thick polyimide. The signal routing focused on electrical safety and
resulted in a cable quite wider (24 mm) than the sensor. The spacer material was chosen as
silicon carbide foam [3] with an 8 % density, its width slightly oversized with respect to the
sensors for geometrical reasons and to ensure maximal stiffness. The main figures of this
ladder, pictured in Figure 1, can be summarized as follow: 8 M pixels, mass 10 g equivalent
to 0.6 % X0 (cross section) and sensitive surface of 12.7 × 1.1 cm2.

Figure 1: Front-view picture of the first full-size PLUME ladder hold in its test support
frame. The connector appears on the left side, while the copper piece on the right is the
air-inlet for the cooling.

Prototypes evaluation started with a mechanical survey, which showed that the surface
deviated from a perfectly flat plane with a root mean square around 20 µm. Secondly, air
at ambient temperature and with a flow speed of 3 m/s was blown longitudinally along
the ladder length while the 12 sensors were operated. A maximal temperature of 50 ◦C on
the pixel matrix and 60 ◦C on the peripheral circuitry was obtained on the chips. Though
relatively high, this temperature is expected to still guarantee nominal performances. The
sensors were successfully operated with threshold values of their integrated discriminators
corresponding to respectively 6 and 8 times the typical pixel noise. The rate of fake hits
per pixel was measured to sit below 10−4 and 10−5 respectively, similarly to observations
made with isolated sensors. In November 2011, the prototype ladder was exposed to the
120 GeV π beam of the CERN-SPS at different angles of incidence and all over its surface, to
estimate detection efficiency and uniformity as well as spatial resolution. The data analysis
is currently under completion.

The project next step consists in reducing the overall material budget following two ideas.
The silicon carbide spacer density will be decreased to 4 %, halving this contribution. And

LCWS11 2

18 June 2012 DESY-Pixel group meeting 11

Noise under power pulsing

• (some kind of) stable operation
after ~40 frames (4.6 ms)

• compare with the time of intense
collisions at ILC of ~1 ms

averaged over ~600 power on/off cycles

Double sided PLUME ladder 
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TPC Large Prototype: DESY GridGEM Module 

Measured 
single point 
resolution 

Light weight, self-supporting GEM 
structure with minimal dead zones 

Test beam 2012/13:  
Operated successfully 
three modules in  
large prototype 
with 1T B-field 
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TPC Large Prototype: 7 MICROMEGAS Modules 

Carleton, NIKHEF, UL Brussels, CEA 
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Scintillator Hadronic Calorimeter 

MC 

>  Addressing the high 
granularity challenge for 
particle flow algorithms 

>  Integrated readout, trigger, 
digitisation, LED calibration 

>  DESY-led international effort 
within CALICE: 

§  Hamburg, Heidelberg, Mainz, 
Wuppertal, MPI, CERN, ITEP, 
Dubna, LAL, Prague, Bergen, 
NIU, Matsumoto 

§  Cooperation with Japanese 
groups: same design used in 
scintillator ECAL 

>  DESY active in mechanics, 
electronics, system 
integration, test beam 
support, software, analysis 

ASIC 
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HCAL Analysis Highlights 

MC 

>  Analysis of 1st generation 
scintillator HCAL data nearly 
complete 

>  Precise validation of Geant 4 
models  

>  First data from SPS test beam 
(11/2012) with 2nd generation 
layer available 
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Figure 10. Mean longitudinal shower profiles from shower starting point for 8GeV (left column), 18GeV
(center column) and 80GeV (right column) pions. First row: For data (circles) and for the FTFP_BERT
physics list (histogram). Second to fourth rows: Ratio betweenMonte Carlo and data for several physics lists.
All profiles are normalized to unity. Only statistical errors are shown. 〈Erec〉/ΔλI is the average deposited
energy in a ΔλI thick transverse section of the calorimeter. z is the longitudinal coordinate, expressed in
units of λI.
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Figure 10. Mean longitudinal shower profiles from shower starting point for 8GeV (left column), 18GeV
(center column) and 80GeV (right column) pions. First row: For data (circles) and for the FTFP_BERT
physics list (histogram). Second to fourth rows: Ratio betweenMonte Carlo and data for several physics lists.
All profiles are normalized to unity. Only statistical errors are shown. 〈Erec〉/ΔλI is the average deposited
energy in a ΔλI thick transverse section of the calorimeter. z is the longitudinal coordinate, expressed in
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CALICE internal paper draft 
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Triggerschwellen

Voller Autotrigger  Events unter Triggerschwelle →

gehen verloren.

Gutes Verständnis der Schwelleneinstellung 
notwendig!

SPIROC Schwellenverhalten nicht trivial

Abwägen zwischen MIP Effizienz und Rauschen

Für Effizienz >95%: Schwelle <0.5MIP!

Dunkelrate fällt exponentiell mit Amplitude

CERN Myon Daten:

Gute homogenisierung der MIP Positionen

Triggerschwelle deutlich unter 0.5MIP

Gutes Rauschverhalten

Externe Trigger Validation

Rauschen ~< 50Hz (<<Signalrate)

Triggerschwellen unter Kontrolle!
7/10

 

CERN Daten

Erfolgreiche Datennahme am CERN

>400k Myonen, 420k rekonstruierte Pion Events bei 180Gev, 86k bei 50GeV

Verschiedenste Bedingungen (0.5-1200Hz Beamrate)

Stabiler Betrieb der Hardware

integrated  
electronics 

auto-triggered run, 
one common threshold 
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Figure 11. Summary of the measurement of the center of gravity in the longitudinal direction, for pions
in the AHCAL. Top, left: For data and for the FTFP_BERT physics list. Top, right: Ratio between Monte
Carlo and data using the FTFP_BERT physics list with different versions of GEANT4. Bottom: Ratio
between Monte Carlo and data for several physics lists. The gray band in the ratios represents the statistical
uncertainty on data.
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Forward Calorimeters 

>  LumiCal: precise luminosity measurement (Bhabha scattering) 
§  fast, high precision 

>  BeamCal: luminosity optimisation and hermeticity (θ > 5.8 mrad) 
§  fast, radiation hardness 

Data concentrator 
Xilinx Spartan 3E 

4 pairs of Front-end + ADC 

LumiCal / BeamCal sensors 

AGH-UST, DESY, Tel Aviv 

Fully assembled plane in DESY test beam 
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ILC Global Integration 

>  Central integration facility at 
DESY 
§  ILC EDMS System   

>  Incorporating 3D models 
from worldwide collaborating 
institutes 

>  Integration of sub-systems 
for accelerator and detectors 

>  Exploit XFEL mass 
production and construction 
experience 

>  „ILC Project Office“ 
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ILC Status 

>  Technical Design Report is being published now 
§  Worldwide Linear Collider Event: June 12th 2013 

§  Putting the TDR/DBD together was a major effort at DESY.... 

>  Worldwide HEP strategies are under review 
§  ILC top priority for Japanese community after discovery of „a Higgs“ at LHC 

§  ILC in Japan on the priority list of CERN Council strategy update 2013 

§  „(...) 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.“ 
 

§  US strategy is just being updated  
(„Snowmass process“) 

>  Japanese government expressed interest 
to start discussions about hosting the ILC 
as a global project in Japan 
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Technical Design Report Signatories (Supporters) 

10.04.2013: 2285 Signatories 

www-flc.desy.de/dbd 
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Linear Collider Collaboration 

Linear Collider Board 
Chair: S. Komamiya 

Directorate 
 

Director: L. Evans 
Deputy: H. Murayama 
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Linear Collider Collaboration 
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Linear Collider 
Projects 

ILC: GDE/RD 
Linear Collider 
Collaboration 

Detector 
Concepts: 

ILD 
SiD 

EU Accelerator 
Projects: 

ILC-HiGrade 
CRISP, TIARA, 

EUCARD, 
EUROTeV 

Other funding 
schemes: 

Helmholtz Alliance 
AvH Foundation 

BMBF 
Verbundfoschung 

DFG-SFB 

EU Detector 
Projects: 
EUDET 
AIDA 

MC-PAD 
Picosec 

Detector R&D 
Collaborations: 

CALICE 
LC-TPC 
FCAL 

PLUME 

ILC@DESY Towards an International LC 

higrade

DESY

Project 
Structures 

Funding 
schemes 



Karsten Buesser  |  International Linear Collider  |  11.04.2013  |  Page 27 

ECFA LC2013 

>  European Linear Collider Workshop 

>  May 27-31 2013, DESY, Hamburg 

>  lc2013.desy.de 
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ILC Outlook 

>  The discovery of the new Higgs-like boson sets the first definitive 
energy scale for new physics, in time with major developments:  
§  HEP strategy updates in Europe, Japan, USA 

§  ILC Technical Design Report to be published now 

>  Japan shows a strong interest to host a staged Linear Collider 
§  Start with a Ecm~250 GeV Higgs Factory 

§  Evolve in energy over time 

>  DESY has a strong in-house ILC programme and is in a excellent 
position to support such a project as a joint European effort 
§  XFEL experience 

§  Test facilities 

§  Detector R&D excellence centre 
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Backup 
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Detector Concept 

>  ILD: International Large Detector 

>  Optimised for Particle Flow Reconstruction 

>  Performance goals: 

§  Jet energy resolution < 3-4% over relevant 
energy range 

§  Track momentum resolution 
δ(1/pT) ≈ 2 x 10-5 /GeV /c 

§  Excellent vertexing for b & c identification 

§  Hermeticity 

>  Main requirements and challenges: 

§  High granular calorimeters 

§  Low material budget before calorimeters 

§  Efficient tracking 

§  Highly integrated electronics 

§  Low power consumption 

§  Triggerless readout 
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HCAL Future Plans 

>  Proceed in parallel on 
§  Sensor technology frontier 

§  Integration and industrialisation frontier 

§  Possible thanks to versatile electronics 

>  Goals for 2nd generation prototype 
§  Re-establish performance 

§  Demonstrate scalability in al steps 

§  Production, QC, calibration 
§  Remaining integration tasks  

§  Data concentrator, power, cooling 
>  Next test beam campaigns: 

§  2013: e.m. stack at DESY, 1k chn. 

§  2014: hadron beam tests, 3k chn. 

§  2016: full hadron stack, 20k chn. 
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New HCAL Base Unit (HBU2)

Mechanics is in place since long time

 → Use it to perform temperature tests

 → Use it for small stack

4 new HBUs in DESY lab

 → Successful tests of ASICs, 
calibration system, tiles

1 HBU2 connected to 2nd 
generation DAQ modules for 
first tests

 → Firmware under development

1 HBU2 in DESY test beam

We ordered 6 new HBU2s for 
full slab test:

 → Quality of electrical signals

 → Mechanics, temperature

 → DAQ

11/11

 

Summary and Outlook

Summary

Successful commissioning of 576 channel AHCAL layer prototype

Electron testbeam at DESY for full MIP calibration

Nice verification of commissioning

Very successful data taking at CERN

High statistics and excellent data quality for 180GeV Pions

TDC Calibration Testbeam in January

First tests for EM stack successful

Outlook

Analysis of CERN data is in full operation

Next setup: multi-layer prototype in DESY beam

EM showers in ILD absorber prototype

Most work focused on DAQ work for now

2013 

2014 
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Gradient Limit Understanding and Control 

Hpk 160-180 mT 

•  Geometrical defects cause quench and  
limit gradient < 20 MV/m (more on next slide)  

(2008-2010) 

IL
C

 R
&

D
 G

oa
l 

JLab 
Example 

2nd Pass Processing 

2nd pass processing: 100% yield at 39 MV/m average gradient 



Karsten Buesser  |  International Linear Collider  |  11.04.2013  |  Page 33 

Coherent Integration Effort 


