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Overview 
•  3 Sessions + 1 joint session with 

Performance/Simulation/Reconstruction 
•  13 + 4 contributions in total: 

•  3 TPC tracker 
•  8 pixel technology 
•  2 cooling and/or integration 
•  3 simulation studies (silicon sensor response, 

beam background) 
•  1 track reconstruction and pattern recognition 
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Studies on GEM modules for a Large Prototype 
TPC for the ILC  
•  Successful testbeam 

campaign 
•  Ongoing optimisation 

process for Large 
Prototype TPC and 
GEMs  

•  Silicon tracker to 
accompany the Large 
Prototype TPC 

•  Simulation studies in 
order to define the 
characteristics of the 
system  
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Dimitra Tsionou 
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Alignment & Distortions Corrections

> Field distortion caused by 
inhomogeneities in magnetic 
and drift fields

 ExB terms pronounced at module 
edges

> Distortions derived from 10% of 
events and applied to the rest

> Displacement and rotation of GEM 
module

> Use B=0 T data where ExB effects 
not present

> Corrections up to 0.1 mm and a few 
mrad
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Resolution – Extrapolation to ILD scale 

> Extrapolation of the rφ resolution from the Large Prototype conditions to 
the ILD planned detector

 3.5 T magnetic field and 2.35 m drift length

> Gas quality and impurities need to be under control at ILD
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Silicon telescope – Requirements 

> Coverage area of the system (simulation) 

 Minimum area 2x2 cm2 for the front and 4x10 cm2 for the back sensors

Hits on back sensorsHits on front sensors

> Simulation studies to decide on sensor characteristics 

 Spatial resolution, number of Si layers, material budget, 

system geometry, coverage area

~95% of 
events

> Results driven by limited available space

 Sensors with spatial resolution of 10 μm or better are neededResults driven by limited available space: 
Sensors with spatial resolution of 10 µm or 
better are needed 
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Recent test results from a fully integrated 
Micromegas TPC prototype 
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Paul Colas 

Need to spread the charge to improve  
resolution 
 
Insulator + resistive coverlay = resistive-
capacitive continuous network 

Diamond like carbon: robust, flexible, 
resistive with a large range of resistivity, 
precisely tunable, lubricant 

Black Diamond (DLC) modules 
give more charge than Carbon 
loaded Kapton (CLK) 
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Status and Plan of TPC Hybrid Detector Module for 
Circular Collider @IHEP  

•  Towards CEPC TPC– 
Consideration 
•  Optimization of working gas 
•  Hybrid Detector Module 

(GEM + Micromegas) 
•  LaserCalibration 

06/11/2015 A. Nürnberg: Summary Vertex/Tracking 

Huirong Qi 
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- 18 -

Gain and E-resolution

� Test with Fe-55 X-ray radiation 
� Reach to the higher gain than standard Micromegas
� Similar Energy resolution as the standard Micromegas
� Changed the working voltage of  GEM detector
� Same working voltage as the standard Micromegas

Test with Fe-55 X-ray radiation 
•  Reach to the higher gain than standard 

Micromegas 
•  Similar Energy resolution as the 

standard Micromegas 

5 



Hybrid Pixel (I): CLICpix planar assemblies 

•  Single-chip bump-bonding 
process for 25 µm pitch 
developed at SLAC  

•  3 test assemblies produced with 
200 µm sensors 

•  Improved, bigger version of ASIC 
to be submitted till end 2015 
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•  4-bit ToT measurement in CLICpix
•  Landau distributions for MIP clusters
•  Mean seed-pixel energy across the matrix 

shows sensitivity to interconnect quality

Seed-pixel energy (ToT) (assembly 31)

 

Cluster ToT (assembly 31)

1-hit clusters
2-hit clusters
3-hit clusters

AcqClkDiv 9

AcqClkDiv 20

work in
progress

work in
progress

work in
progressEfficiency
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•  Hit maps in test beam: number of associated tracks per pixel
•  Efficiency determination: look for hits associated to  

telescope tracks (within a distance of 50 μm)
•  Similar results as for source measurements: 

Bonding defects visible as reduced / increased efficiency
•  Overall efficiency very high: >99.5% at depletion
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work in
progress

work in
progress

Vbias = 50 V

threshold = 1111

•  DUT hit position reconstructed using eta correction  
based on measured ToT response of pixels within cluster

•  Resolution from fitted residuals of reconstructed  
hit positions w.r.t. track intercepts

•  Telescope track resolution of ~1.6 μm not unfolded
•  Optimal resolution ~4 μm for low threshold  

and for bias voltage close to depletion
•  For very low threshold: noise increase worsens resolution
•  For very high bias: reduced charge sharing worsens resolution 
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Vbias = 50 V
threshold = 1111

Residuals in row direction (assembly 31)

Resolution vs. bias voltage (assembly 31)

Resolution vs. threshold (assembly 31)

Lower threshold

 High detection efficiency 

Interconnect yield
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•  Irregularities in bump deposition can lead to:
•  Unconnected channels
•  Shorts between channels

•  Need to disentangle from ASIC problems

•  Lab measurements performed:
•  Noise floor
•  Test pulse response
•  90Sr source exposition

•  Unconnected and shorted pixels 
correlated with defects visible  
before flipping

Pixel 
category

Symptom

Noise Test-pulse 
response

90Sr source 
response

Normal normal when pulsed yes

Dead in ASIC ~0 no no

Dead test pulse normal no yes

Unconnected decreased when pulsed no

Short with 
neighbor(s)

increased when pulsed or 
neighb. pulsed, 
reduced amplitude

more or less 
hits, reduced 
amplitude

ASIC side: missing bump Sensor side: potential shorts Sensor side: Indium on guard rings
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Detailed analysis of interconnect yield 
in lab and testbeam studies 

Dominik Dannheim 

 4µm resolution 
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Hybrid Pixel (II): Capacitively coupled pixel detector 

LCWS15S.Green, D.Hynds, M.Buckland

This study looks at the 
application of a charge coupled 
pixel device (CCPD), in a high 
voltage complimentary metal 
oxide semiconductor (HV-
CMOS) process.  

The signal from the HV-CMOS 
is then capacitively coupled, via 
a thin gluing layer, to a the 
readout application specific 
integrated circuit (ASIC).  The 
ASIC used in this case is the 
CLICpix sensor.

3

Introduction

Schematic diagram of the CCPD and CLICpix sensors

Cross section of the CCPD and CLICpix sensors

LCWS15S.Green, D.Hynds, M.Buckland 23

Test Beam - Efficiency 
Conclusions
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As expected for all samples the 
efficiency falls as the threshold 
rises.

For the ideally aligned samples 
we find similar behaviour for both 
glue thicknesses considered.

The quarter pixel misaligned sample shows some degradation in comparison to the 
ideally aligned samples, but the half pixel misalignment shows significant degradation in 
performance.

Quarter Pixel 
Misaligned 

Half Pixel 
Misaligned 

Active HV-CMOS sensor capacitively coupled 
to CLICpix readout chip via a thin layer of glue 
 

Alignment important for good 
efficiency 

LCWS15S.Green, D.Hynds, M.Buckland 31

HV-CMOS TCAD - MIP 
Response Over Time

Over time any slow collected charge contribution, from diffusion, is collected by the HV-
CMOS.  

The charge collection profile becomes more uniform over time once the remaining charge 
is collected, although the general shape of the profile is formed in the first 0.1 ns, if not 
before.

Fast Contribution Fast and Slow Contribution
06/11/2015 A. Nürnberg: Summary Vertex/Tracking 
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HV-CMOS TCAD - E Field
For the three pixel simulation the electric field map is as follows when using HV-CMOS 
sensors with a substrate resistivity of 10 Ω cm:

This is what the electric field looks like for the current HV-CMOS CLICpix sensors looks like.

Here the bias voltage for the HV-CMOS pixels is set to -60 V.  This is the nominal 
operating voltage for these sensors.

T-CAD simulation of charge collection in HV-CMOS sensor 
 

Destructive cross-sections to study 
alignment and glue layer thickness 
 

Steven Green 
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Hybrid Pixel (III): Thin sensor assemblies 
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Excellent efficiency at normal 
operating conditions!

• for all sensor thicknesses!

• expected behaviour with 
threshold!

• hot pixels affect efficiency 
at low threshold (hot and 
dead pixels count towards 
inefficiency)

High active edge efficiency!

• extends to expected width!

• TOT measurements as in 
the main sensor area!

• Edge0 difference expected:

50 μm sensor!
50 μm active edge!

edge 2

50 μm
 sensor!

50 μm
 active edge

50 μm 
p-in-n 
sensor

Edge 0

Ed
ge

 1

50 μm 
p-in-n 
sensor

Increasing threshold Increasing threshold
work in progress work in progress

work in progress work in progress
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Threshold calibration!

• S-curve measurement using test pulses!

• -10.42 e- per THL DAC step
THL[e�] = p · THL[DAC] + q

TOT calibration!

• Surrogate function fit using test-pulses!

• Shown for every pixel

TOT = a · E + b� c
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100 μm sensor!
work in progress

100 μm sensor!
work in progress

Energy calibration 
using radioactive 
sources and x-rays 

Thin planar sensor assemblies have 
been successfully studied using 
Timepix and Timepix3 ASICs  

Excellent detection 
efficiencies, also in the 
active edge 

Multi-hit clusters show 
good resolution, in 
thin sensors little 
charge sharing 
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Track position for 2-pixel 
clusters!

• restricted to edges of 
sensor!

• threshold affects 
charge sharing
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More charge sharing with lower threshold!

• better overall resolution!

• but less constraint on 2-pixel cluster position: worse 2-pixel cluster resolution
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Track position for 2-pixel 
clusters!

• restricted to edges of 
sensor!

• threshold affects 
charge sharing
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More charge sharing with lower threshold!

• better overall resolution!

• but less constraint on 2-pixel cluster position: worse 2-pixel cluster resolution

Sophie Redford 
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Monolithic (I): Silicon on insulator 

•  SOI sensor optimized for 
ILC vertex detector 
•  Monolithic 
•  Sensor stores both 

position and timing of the 
hits in 20x20um pixel 

•  < 3 µm resolution 
•  50 µm thickness 

•  Development of first 
prototype sensor 

•  Evaluation of prototypes to 
start soon 
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SOI	pixel	detector�

SOI	detector	advantages	
•  Smaller	pixel		
•  Low	material	thickness		
•  Low	stray	capacitance	

SOI	detector	fulfill	the	requirement	
of	vertex	detector	for	parTcle	physics	experiments.	

SOI	pixel	detector�

•  Monolithic	pixel	detector	by	SOI	technology	

chjmNtz�t�z�Ngr�v��

bjqOs��zvuNj�zuvP�

ezSlN��s���r�v�
Omv~���P�

2015/11/3� LCWS15@Canada,	Whistler� Z�

Shun Ono 
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Monolithic (II): CMOS Sensors for ILC 

•  Successful operation of 
CMOS pixel detector in the 
STAR experiment for over 2 
years 

•  Development of CMOS pixel 
detector for a tracker 
(ALICE-ITS upgrade) 
finalised 

•  Large pixels developed for 
trackers show good detection 
efficiency 

•  2 chips tested on beam: 
•  Mimosa22: small prototype 

featuring large pixels  
•  FSBB: Full scale building 

block of final sensor 

Main FSBB-M0 Detection Performances (1/3)

• Detection performances vs discri. threshold :
! detection efficiency wrt tracks reconstructed in BT

! fake rate (pixel noise fluctuations above threshold)

! single point resolution wrt impact extrapolated from BT
(2 directions : // column or // raw)

! average nb of encoding windows per hit

(for the purpose of data size minimisation)

• 2 cases shown on figures :
! response of 1 of both DUT (top fig.)

! response of all 6 (”identical”) sensors
composing the BT (bottom fig.)
↪→ indication of uniformity over large detector areas

8
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Main Features of the Sensors Studied on Beam
• Full scale sensor building block : FSBB-M0bis

! complete (fast) read-out chain≃ ULTIMATE

! pixel area (∼ 1 cm2)≃ area of final building block

! same nb of pixels (160,ooo) than complete final tracker chip

! fabricated with 18 µm thick high-resistivity EPI

! BUT : pixels are small (22 x 32.5 µm
2) and

sparsification circuitry is oversized (power !)

! Tested at DESY (few GeV e−) in June’15
and CERN-SPS (120 GeV ”pions”) in Oct. ’15

• Large-pixel prototype without sparsification : MIMOSA-22THRb
! 2 slightly different large pixels : ◦ 36.0 µm x 62.5 µm

◦ 39.0 µm x 50.8 µm

! pads over pixels (3 ML used for in-pixel circuitry)

! fabricated with 18 µm thick high-resistivity EPI

! BUT : only ! 10 mm2, 4,ooo pixels, no sparsification

! Tested in Frascati (450 MeV e−) in March & May’15

5

Main Features of the Sensors Studied on Beam
• Full scale sensor building block : FSBB-M0bis

! complete (fast) read-out chain≃ ULTIMATE

! pixel area (∼ 1 cm2)≃ area of final building block

! same nb of pixels (160,ooo) than complete final tracker chip

! fabricated with 18 µm thick high-resistivity EPI

! BUT : pixels are small (22 x 32.5 µm
2) and

sparsification circuitry is oversized (power !)

! Tested at DESY (few GeV e−) in June’15
and CERN-SPS (120 GeV ”pions”) in Oct. ’15

• Large-pixel prototype without sparsification : MIMOSA-22THRb
! 2 slightly different large pixels : ◦ 36.0 µm x 62.5 µm

◦ 39.0 µm x 50.8 µm

! pads over pixels (3 ML used for in-pixel circuitry)

! fabricated with 18 µm thick high-resistivity EPI

! BUT : only ! 10 mm2, 4,ooo pixels, no sparsification

! Tested in Frascati (450 MeV e−) in March & May’15

5

Marc Winter 
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Monolithic (III): Fine-pitch CCD 

•  6µm2 FPCCD prototype 
has been developed 
•  Study of neutron irradiation 

damage 
•  Dark current and hot pixel 

are not an issue 
•  Charge transfer 

inefficiency (CTI) is at 
acceptable level  

•  Start of ladder assembly 
R&D 

•  Prototype 2-phase CO2 
cooling system developed 

` CCD transfers signal charge from pixel to pixel to be read out 
in the end. Ideally charge is transferred completely. But by 
lattice defect from radiation damage etc., charge is lost.

` CTI
◦ Signal charge defined as S become f(x,y) after transfer x times horizontally 

and y times vertically.

𝑓 𝑥, 𝑦 = 𝑆(1 − 𝐶𝑇𝐼ℎ )𝑥(1 − 𝐶𝑇𝐼𝑣 )𝑦

𝐶𝑇𝐼ℎ： horizontal direction
𝐶𝑇𝐼𝑣： vertical direction

(0,0) is readout

Signal height of Fe55 X-ray 
in each super pixel=16x16pixels
After irradiation 

12

` Ladder design idea
◦ Double-sided ladder ~2mm 

apart
◦ 2 CCD chips / side
◦ Readout ASICs on both ends
◦ CFRP-FPC(Kapton/Cu)-Si 

structure

17

CFRP

Kapton FPC
Si

Kapton FPC

Si

CCD Sensitive Area
CCD Pad Area

FPC Pad and Pattern Area

CFRP

Kapton FPC
Si

Kapton FPC

Si

CCD Sensitive Area
CCD Pad Area

FPC Pad and Pattern Area

CCD chip

CFRP (carbon fiber reinforced plastic)
FPC (flexible printed circuit)

ASIC(5𝑚𝑚)2
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Shunsuke Murai 
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Monolithic (IV): Double-sided pixelated layers 
studies from the PLUME collaboration 

•  Test beam studies using 
double sided layer 
equipped with Mimosa26 
sensors 

•  2mm SiC foam as spacer 
and support 

•  Deformations can severely 
impact the resolution 

•  Can be corrected in 
software 

•  New prototype with less 
material budget will be 
tested 

Reminder on the PLUME project
Deformation studies with the version 1 prototype

Benefits of a double-sided ladder

Test Beam @ SPS
Origin of deviations and how to take them into account
Results on the correction of deviations

Origin of the deviations
Consequence of the ladder’s characteristics

Use of ultra-thin (50 µm) and precise sensors (spatial
resolution less than 4 µm)
Mechanical constraints induce permanent deformations
(' 50 µm) which can not be flattened during the ladder
assembly

Metrology of the module’s surface (performed at RAL by Bristol)

13 / 26 Benjamin BOITRELLE Double-sided pixelated layers

Reminder on the PLUME project
Deformation studies with the version 1 prototype

Benefits of a double-sided ladder

Motivations of the project
Collaboration
Design

Ladder design

Design
Double-sided ladder with an active
area of 1x12cm2

On each side: six MIMOSA-26 CMOS
sensors thinned to 50 µm glued on a
kapton-metal flex cable
2 mm of silicon carbide foam as
mechanical support and spacer
between two modules

5 / 26 Benjamin BOITRELLE Double-sided pixelated layers
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Reminder on the PLUME project
Deformation studies with the version 1 prototype

Benefits of a double-sided ladder

Motivations of the project
Collaboration
Design

Ladder design

Design
Double-sided ladder with an active
area of 1x12cm2

On each side: six MIMOSA-26 CMOS
sensors thinned to 50 µm glued on a
kapton-metal flex cable
2 mm of silicon carbide foam as
mechanical support and spacer
between two modules

5 / 26 Benjamin BOITRELLE Double-sided pixelated layers

Benjamin Boitrelle 
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I-LGAD microstrip sensor with amplification 

•  Multiplication of charge 
carriers in a small high-field 
region in order to increase 
signal 

•  Demonstrated on pad diodes 
•  Two options for segmentation: 

Charge multiplication in pad LGAD 

— Time-resolved photo-current generated by low penetration depth  
(670nm, red) picosecond laser pulses (TCT technique) shows a clear 
charge multiplication footprint. 

7 I. Vila -  LC Workshop 2-6 November Whistler, Canada. 
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Electron injection 

P-type substrate (red laser back-side illumination) 
1000 Volts 

0 Volts 

Primary electron current 

Multiplication onset 

Secondary hole current 

Microstrips LGAD 
— Based on the technology adjustments from the 

pad LGAD run now aiming to strips and pixel like 
segmentation of the readout electrodes. 

— Two options: 

11 I. Vila -  LC Workshop 2-6 November Whistler, Canada. 

iLGAD LGAD 

06/11/2015 A. Nürnberg: Summary Vertex/Tracking 

Multiplication layer on 
the segmented side 

Multiplication layer 
on the backside 

Tested, behaviour understood 
via T-CAD simulations 

To be processed and tested, T-Cad 
simulations show promising results 

Ivan Vila 
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DEPFET vertex detector 

06/11/2015 A. Nürnberg: Summary Vertex/Tracking 

LCWS15, Whistler

Final half-ladder

Fully functional.... major milestone for the Belle II project!

detailed electrical characterization ongoing

The first complete all-silicon ladder with integrated 
support, read-out and steering has been built 

LCWS15, Whistler (3)

A DEPFET-based (all-silicon) vertex detector ladder

Thinned sensor (50-75 µm)Bump bonded chips: DCD & DHP

(1) Amplify signal in elementary DEPFET cell (pixel) with FET integrated in detector-

grade Si. Drain current is modulated by charged collected on internal gate.

(2) Read out a column of DEPFET pixels with a FE ASIC. Rows are 

addressed in turn for rolling shutter operation.

Thin sensor (50-75 um)

Thicker rim (500 um) 

(3) Create an ultra-thin self-supporting Silicon sensor, starting with the ~1 mm thick Si-Oxide-Si sandwich 

formed by sensor and handle wafer, sculpt away superfluous material by grinding and lithography. 

Integrate signal and power lines in metal layers on Silicon, bump-bond ASICs directly on top. 

Remove every gram that you can get rid off

Structure to glue two half-ladders

(4) Assemble the ladders in a cylindrical structure 

to form the barrel vertex detector. 

LCWS15, Whistler (3)

A DEPFET-based (all-silicon) vertex detector ladder

Thinned sensor (50-75 µm)Bump bonded chips: DCD & DHP

(1) Amplify signal in elementary DEPFET cell (pixel) with FET integrated in detector-

grade Si. Drain current is modulated by charged collected on internal gate.

(2) Read out a column of DEPFET pixels with a FE ASIC. Rows are 

addressed in turn for rolling shutter operation.

Thin sensor (50-75 um)

Thicker rim (500 um) 

(3) Create an ultra-thin self-supporting Silicon sensor, starting with the ~1 mm thick Si-Oxide-Si sandwich 

formed by sensor and handle wafer, sculpt away superfluous material by grinding and lithography. 

Integrate signal and power lines in metal layers on Silicon, bump-bond ASICs directly on top. 

Remove every gram that you can get rid off

Structure to glue two half-ladders

(4) Assemble the ladders in a cylindrical structure 

to form the barrel vertex detector. 
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PXD6 – the first multi-chip module Sensor 
thinned to 50 micron 

LCWS15, Whistler

Belle II prototypes & performance: PXD6

PXD6 – the first multi-chip module

Sensor thinned to 50 micron 

   (Belle II → 75 micron)

3 read-out chip pairs + 4 steering ASICs bump-bonded on metal

   (Belle II → 2x4 DCD+DHP, 2x6 SW)  

First TB at DESY in January 2014

Resolution as expected 

for 50 µm pitch on 50 µm 

thick substrate

Efficiency vs. (seed) threshold: for 75 mm thick sensor and 

perpendicular incidence 2000 electrons is still 99% efficient

Marcel Vos 
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Advanced cooling 

06/11/2015 A. Nürnberg: Summary Vertex/Tracking 

LCWS15, Whistler (8)

Micro-channel cooling, our take...

● Liquid cooling provides excellent temperature control, but is too bulky
● Industry  is exploring micro-channel cooling (and, to some extent, high 

energy physics; LHCb, NA62, ALICE)
● DEPFET, with localized power dissipation and SOI process, provides an 

interesting application → integrate cooling in all-silicon ladder
● Compared to existing effort, aim at relatively high temperature, low pressure
● Keep it simple: mono-phase

● Small team at University of Bonn

MPG-HLL Munich and IFIC Valencia
● Embedded in larger effort AIDA2020

(P. Petagna CERN)

Reunión de Seguimiento FPA2015 ILC, 26-27 Octubre CIEMAT - 
Madrid

Thermal measurements: MCC

17

Good agreement with the FE 
simulation within 10%

6W

Measurement data errors
➡ P ±1% W
➡ T ± 1 ºC
➡ ΔT/Power density ± 
0,14 ºC/W

➡ =ow ± 0,03 l/h

H2O

Front end HOTTEST POINT

Reunión de Seguimiento FPA2015 ILC, 26-27 Octubre CIEMAT - 
Madrid

Thermal measurements: MCC

17

Good agreement with the FE 
simulation within 10%

6W

Measurement data errors
➡ P ±1% W
➡ T ± 1 ºC
➡ ΔT/Power density ± 
0,14 ºC/W

➡ =ow ± 0,03 l/h

H2O

Front end HOTTEST POINT

Integrate cooling channels 
directly into the silicon bulk FEA simulation in good agreement to measurements 

LCWS15, Whistler (5)

Air flow & deformation

Vibrations induced by 
air are at 200 Hz. 
Finite-element 
simulation of just the 
petal predict 300 Hz.

Work on petal design 
and CF support to 
raise the lowest 
eigenfrequency

Fast Fourier 
transform of the time 

series, subtracting 
the “0 air �ow” case

Additional air flow cooling induces vibrations: 

LCWS15, Whistler (5)

Air flow & deformation

Vibrations induced by 
air are at 200 Hz. 
Finite-element 
simulation of just the 
petal predict 300 Hz.

Work on petal design 
and CF support to 
raise the lowest 
eigenfrequency

Fast Fourier 
transform of the time 

series, subtracting 
the “0 air �ow” case

Marcel Vos 
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Simulation (I): CLIC Tracker R&D 

•  Simulation study of silicon sensor response 

•  Beam-induced background 
in CLIC limits maximal strip 
length to 1-10mm: 
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Andreas Nürnberg 
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Simulation (II): Geometric and L* changes on SiD 
Vertex Detector 

06/11/2015 A. Nürnberg: Summary Vertex/Tracking 

19

30 x 30
5 BX

Vertex Occupancy Dependence on L* Configuration

L* occupancy differences 
appear to depend on 
backscatter deflection 
angle

3.5 m 
L*

4.1 m L*

x 10-4

In interest of a common ILD/SiD L*, SiD has explored the effect of 
increasing this to 4.1m 
 
Study of vertex detector occupancy: 

Dependence on L* 

20

30 x 30
5 BX

Vertex Occupancy Dependence on Anti-did Field

Anti-did field generally 
improves occupancy in 
barrel and thoroughly 

improves occupancy in 
endcap 

Base

Anti-did

Plug is in 
place!

x 10-4

Anti-did field generally 
improves occupancy in barrel 
and thoroughly improves 
occupancy in endcap 

Dependence on 
Anti-did field 

Occupancy differences 
appear to depend on 
backscatter deflection angle 21

Occupancy Dependence on Plug Geometry

As expected, 
occupancy gets 
progressively lower as 
more of the BeamCal 
plug is cut away

x 10-4

Base

CircleWedge

Dependence on 
plug geometry 

As expected, occupancy 
gets progressively lower 
as more of the BeamCal 
plug is cut away 

Christopher Milke 
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Simulation (III): Background studies for SiD 

•  Guinea-Pig pair background files for the ILC are 
created  

•  Files for two full trains of the ILC-500GeV available  

06/11/2015 A. Nürnberg: Summary Vertex/Tracking 
12 / 73

Introduction Guinea-Pig SiD simulation with SLIC Conclusion Bibliography

Hit maps of the SiD calorimeters
Studying the hits of the EcalEndcap cells

Hit occupancy in the EcalEndcap layers 0 - 4:

) Up to 9 hits per cell, for layer 0 only up to 6 hits

Studying the pair background in the SiD detector in respect to hit maps 
and occupancy of the calorimeter cells  
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Introduction Guinea-Pig SiD simulation with SLIC Conclusion Bibliography

Hit maps of the SiD calorimeters
Studying the hits of the EcalEndcap cells

Hit maps (with hit count and deposited energy) in global coordinates, for the
EcalEndcap layers 0 and 1:
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Anne Schütz 
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Track reconstruction for the CLIC full silicon tracker 
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Method&2&–&Overview&

Rosa&Simoniello&(CERN)&H&LCWS15& 13&

•  Based&on&conformal#mapping#"&
coordinate&transformaMon&that&
preserves&local&angles&

•  TransformaMon&of&the&(x,y)Hplane&
in&the&(u,v)Hplane&&
&
&
&
!#Tracks#are#straight#lines#

•  Run#CA#on#all#hit#collecAons&"&
same&approach&in&the&full&tracker&
system&"&no&subHtrack&
combinaMon&needed&

•  Method&has&been&used&by&Star&L3&
trigger&and&the&ALICE&experiment&

u = x/(x2 + y

2)
v = y/(x2 + y

2)

)-1u (mm
-0.04 -0.02 0 0.02 0.04

)
-1

v 
(m

m

-0.05

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

 [GeV]
T

p
-110 1 10 210

ef
f

0.92

0.94

0.96

0.98

1

ttbar500

Results&on&]bar&events&at&500&GeV&

Rosa&Simoniello&(CERN)&H&LCWS15& 16&

]° [e
0 50 100 150

ef
f

0.8

0.85

0.9

0.95

1

1.05

ttbar500

Method&1&&

•  Proof&of&concept&for&both&methods&%&–&&Similar&results&
•  Next:&increase&staMsMcs&

Method&2&&

ε'
ε'

 (GeV)TP
-110 1 10 210

Ef
fic

ie
nc

y

0.9

0.92

0.94

0.96

0.98

1

1.02

1.04ε'

 (rad)θ
0 1 2 3

Ef
fic

ie
nc

y

0

0.2

0.4

0.6

0.8

1ε'

Work on-going but already  
encouraging performance 

Intense activity on the 
implementation of the simulation 
model and in the reconstruction 
code for the CLIC full silicon tracker 

Two algorithms for pattern recognition in 
silicon tracker: 
•  Cellular automaton and MV 
•  Conformal mapping 

CA&seed&track&
from&MV&

Extrapolated&track&
"&starts&from&CA&
track&and&adds&one&
tracker&hit&at&a&-me&

Method&1&–&part&I&

•  For&tracks&passing&through&the&
vertex&barrel&
1.  Compute&mini&vectors&(MV)&

exploit&the&double&layer&
structure&of&the&vertex&barrel&

2.  Run&CA#on#MV#"&obtain&vertex&
tracks&

3.  Use&vertex&tracks&as&seed&for&
track&extrapolaAon&to&Inner&and&
Outer&Tracker&(both&in&Barrel&
and&Endcap&layers)&

Mini&Vectors:&
Create&a&mini&vector&out&of&2&hits&on&adjacent&
layers&(d&<&5&mm)&with&δθ <&1°&&
"&Reduce&combinatorics&in&presence&of&
background&

Rosa&Simoniello&(CERN)&H&LCWS15& 11&
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Rosa Simoniello 
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Thanks to all the speakers and 
audiences! 
 
Thank you for your attention! 
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Backup 
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Tuesday morning 
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Tuesday afternoon 

06/11/2015 A. Nürnberg: Summary Vertex/Tracking 23 



Wednesday afternoon 
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Thursday afternoon 
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