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Silicon Tracking System
SiLC Goal

Goals of the SiLC (Silicon Tracking for Linear Collider) collaboration

« Optimisation studies of the geometry of the silicon trackers
« Access to different sensors and electronics technology

« Develop a tool to facilitate the optimisation studies

. Provide drivers for ILD concept and CLIC detectors

Main ideas

« Generate different kind of geometry very easily (number of silicon layers,
false/true double-sided, technology ...) — dynamic aspect

« Possibility to introduce mis-alignment studies according a mechanical
structure

« Materiel budget effects induce by the supports and the cabling
« Could be used in different framework
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Silicon Tracking System
Code history

History
* Developing a silicon tracker through ILCRoot framework (2008)
First integration in the 4th concept

« Switch to Mokka framework (end of 2009) for a more detailed
description of the ILD concept

* Re-design the design pattern in 2010 (more flexibility for CLIC
study):

* Integration in different framework

* More flexibility = fewest fixed parameters
— creation of sub-detector families
— sub-detectors configuration

— Cross setup Avalillable for ILD_01 release
o Different input Actually in MOKKA trunk version
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Silicon Tracking System
Code description

RootGeant and Geant 4 (ideas and plans)
— build independent classes
— can be extended
— connect it to the geometry builder according the framework
— possibilities to merge the concepts (example: use database and use Root Framework)

MOKKA/ILD model
SIT SET ETD FTD
L ~ Database/XML 7
\
v /
Barrel / TBarrel
»
ForwardRegion TForwardRegion
VeryForward TVeryForward
More Things T More Things
SiLC Framework RoOoOtGEANT
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Silicon Tracking System
Design Pattern — UML class diagram
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Silc:Module SileMaduleBarrel
Silc:Gdhodule Silc:GdhoduleBarrel
One cylinder

Double layer structure
Silc:lAassemblable

!

Silc::Barrel

T

Silc:BarrelDoublelayer

|
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Alexandre.Charpy@lpnhe.in2p3.fr




Silicon Tracking System
Interest of this complex structure

« Build the detectors from basic elements — LEGO game (pick up
all the element requested by the user, checking the consistency
and build the sub-detectors) = we add more flexibility

4 Barrel |

Database — Single layer
Double layer
4 Qilicon Modules 4 Endcap |
Strip Hybrid
| Py XYV
Strip Tab Version Xy
—— Strip Direct connection — Radial distributio

International Workshop on Linear Colliders 2010 Alexandre.Charpy@lpnhe.in2p3.fr




Silicon Tracking System
Geometry builder — hierarchy with ILD example

« All “family” are built into a common hierarchy (generic name)

* the silicon module

» the detection element (ex:1 sg

 build the layer (ex: one barr
 build the sub-detectors (ex
e Supports/cables builder could

area for material buget effect

« Mis-alignment according the meche
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Example of Application
ILD Concept
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Silicon Tracking System
ILD Silicon Module Detector

Silicon module (1*2 sensors)
MOKKA generation

® Basellne Root Display
- 100.12*100.12*200 mm**um
- Strip technology
~ 50um pitch (~2048 channels), 12;5um widtk
- Edgeless

— Chips on board: SiTr130-128+ controller + optical fi
— A silicon module consists into n chained silicon sensors

« GEANT 4 description

— Module size: 1*n sensors+50 um gap

- The module segmentation and the sensors misalignment (rotation+shift) are
included in the digitisation process

— Chip+controller included

- Support: graphite
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Silicon Tracking System

ILD SIT/SET
« Geant 4 description:

- Using the edgeless properties

— false double sided strip detectors

- Gaps: 50 micron gap between modules, Super Module, Detection Element
- Support:

« SET — partially defined/fixation accg ; dance
« SIT — waiting integration team

TR SET/SIT
Mokka generatlon Mokka Generzg

Root Dislay Root Display 10




Silicon Tracking System
ILD ETD

e Geant 4 description:

Using the edgeless properties

XUV solution: pixels at small angle have to be implemented (XY alternative
solution is available)

Gaps: 50 micron gap between modules, super module, Gap between detection
Element — dead zone

Support: incluéed, service included, cable in progress

Al
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Silicon Tracking System
Overlapping

Overlapping in the Silicon tracking components:
« checked through Root within 10 um

e according the present status of the development
— SIT, SET, ETD : ok

Overlapping with other detectors:

« SET/TPC — under discussion with the TPC and MOKKA team
(priority of the sub-detectors builder, re-scaling, “who depend of
who”, support structure

« SIT/FTD — fixed

« ETD/ECAL/TPC — under investigation (the place holder is not
defined actually — see C.Clerc)
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Silicon Tracking System

Easy customisation
« Modification of the number of silicon barrels in the internal part of ILD

253

} ode with different database input

{ AN
A ‘/

— same

SIT (baseline):
— 2 double « false double » layers

Rl

SIT (alternative concept ):
2 double « false double » layers
+1 single or double layer

A
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Silicon Tracking System
Not only ILD — CLIC studies

Full Silicon tracker: free to choose the shape and the sensor
technologies for each layer :)

ILD:

VXD+SIT+SET+ETD+TPC VXD+7couches silicium
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Silicon Tracking System

Other Features

®0o0

* Flexible parameters

« Sensors and module sizes
e Support type/activation

« Module orientation (face to
the beam, length along Z or
orthogonal, module angle,
shifting for coverage ....)

o Sub-detector dimension
and shape

« Number of sub-detectors,
of layers eftc ...
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Grid View Form View

£ sharing @models03 (Local)

= aARE 7

Image Text Hex  Filter Wizard

b
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sit_barrel_module_direction_angle

sit_barrel_support_type
sit_barrel_sensor_technology
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11
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update “models03" . sharing set “driver_default_value "="0;180" wh

K[l |
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Record 291 of 1000 in page 1

EACNEY
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Present status

What is done:

The design pattern is frozen

The module distribution is done — gap and basic support included

Tasks priority:

complete the integration in Mokka and the ILD concept —> sub-detectors
dependancy ........ in progress (depend of TPC)

Hits management with derivated TRKSDOO class — debugging progress

write the GEAR part according the interface provide by A. Munich and depending
the reconstruction request (S. Aplin)

 “old” GEAR version: hope end of this week

« new GEAR (into two weeks)

complete support and cabling description of the SIT/SET
Complete the cabling for the XUV and XY configuration

write the documentation and examples (to compete the doxygen one) — very

important
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Thanks for your attention ...
And to the speaker M
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Silicon Tracking System
SIiLC Goal

Goals of the SiLC (Silicon Tracking for Linear Collider) collaboration
« Optimisation studies of the geometry of the silicon trackers
« Access to different sensors and electronics technology
« Develop a tool to facilitate the optimisation studies
« Provide drivers for ILD concept and CLIC detectors

Main ideas

« Generate different kind of geometry very easily (number of silicon layers,
false/true double-sided, technology ...) — dynamic aspect

« Possibility to introduce mis-alignment studies according a mechanical
structure

« Materiel budget effects induce by the supports and the cabling
« Could be used in different framework
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Mémo:

General SiLC goal => R&D for new technology of
Silicon Tracking system

- R&D senseurs silicium

- R&D Front-End Electronic

Physics Goals:

- optimisation of the silicon tracker sub-detectors
( momentum, tagging etc...)

=> need a tools to create easily new geometry
configuration without writing long piece of code

=> completion fast/slow simulation easier

=> provide code and configuration for detector
concept (ILD, ex4th, CLIC ...)

SILC develop a code in this purpose with these main
ideas .....



Silicon Tracking System
Code history

History
 Developing a silicon tracker through ILCRoot framework (2008)
First integration in the 4th concept
» Switch to Mokka framework (end of 2009) for a more detailed
description of the ILD concept

* Re-design the design pattern in 2010 (more flexibility for CLIC
study):
* Integration in different framework
» More flexibility = fewest fixed parameters
— creation of sub-detector families
— sub-detectors configuration

— cross setup Availlable for ILD_01 release
« Different input Actually in MOKKA trunk version
International Workshop on Linear Colliders 2010 Alexandre.Charpy@lpnhe.in2p3.fr 3
History of this task

- start in 2008 with ILCRoot (for 4™ concept — see if
we can use this framework rapidly — it was true :) )
(from AliRoot-> meaning natural transition to learn
about linear collider)

- in 2009, drivers incomplete for ILD — decide to
transfer the code into GEANT 4/ MOKKA —
transition

- CliC consideration => give a more flexibility =>
meaning independence (as much as possible) to
the framwork (G4, RootGeant), dynamics
parameters — philosiphie: “forbid” the fixed
parameters



Silicon Tracking System
Code description

RootGeant and Geant 4 (ideas and plans)
— build independent classes
— can be extended
— connect it to the geometry builder according the framework
— possibilities to merge the concepts (example: use database and use Root Framework)

MOKKA/ILD model
-~ _ N Database/XML 7
~ A
~ N ‘
> RN v /
G4Barrel — inheritance— #| Barrel / TBarrel
| 4
G4ForwardRegion jnheritarme | ForwardRegion TForwardRegion
G4 More Things| | More Things | | T More Things |
GEANT 4 SiLC Framework
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In this purpose:

(vertical lecture)

- starting point MOKKA DB or XML

- drivers calls

- use “independent” class to create and check the
consistency of the configuration

- call the geometry class for the geometry builder

(horizontal lecture)

- Creation of family of sub-detectors accroding their
surface and the physics region (barrel, forward,
very forward etc ...)

- could add more family very easily — because
template for the construction



Silicon Tracking System
Design Pattern — UML class diagram

—
Silc:Barrel Sile: Ear‘ rrrrrrr y @ SileE |ndcap Sile: End‘capArray Sile rvlmdu\e Sl Mo | aaaaaaaaa
1 T '
— e SiiEarelDoublelayer i Silc:GdBarrelrray y e et ilc-G4Endcaparray | M SilcnGd Module
f—————— Silc:BarrelSini gleLayer f——————  Silc:xXUY_Endcay I
L SilczG4Barrel L SileuX¥_Endca) P
One cylinder

Double layer structure

SilezlAssemblable

T

Silc:Barrel

******************** — I

Silc::BarrelDouhleLayer Silc::BarrelSingleLayer SilczG4Barrel Silc:BarrelDoubleLayer

Silc:1Assemblable

SilczGdBarrelDoubleLayer | | SilczG4BarrelsingleLayer | | Silc:G4BarrelDoubleLayer | | Silc:G4BarrelSingleLayer

Silc:G4BarrelDoubleLayer
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UML diagram: flexibility and modularity mean code
abstraction and more complicated to write one
class for the geometry (ex ETD0O, ETDO1 .... now it
is the same code for every version).

- red line: “family” — Barrel with SET/SIT for ILD
concept

- each configration are store in a table of container =>
each barrel, endcap etc or store inside —
persitency of the configuration and Geant object
and ease to get back all information (example:
volume position, gear etc ...)

- in blue: structure of one family: example: single of
double layer structure for one “barrel”

- in green: inheritance of one object (ex: G4barrelXX
inherit of BarrelXX inherit of virtal class Barrel
inherit of lassemble object



Silicon Tracking System
Interest of this complex structure

 Build the detectors from basic elements — LEGO game (plck up
a” the element requested l"\ tha 1iear r\hnr\l{ nn l'hn nnnnnnnnnnn
and build the sub-detect{ = -

Barre
¥ Reset on update
Database Sing —__ comsiarione
NMax HQ draw tine: 5000
DOU Max L@ draw time: 100
¥ Top W Battom :

WV Leit WV
M Front M Specular
S - 1.0
= &lllcon Modules Fu—
wireframe line-width:| 1.0

j: Strip Hybrid e
Strip Tab Version —**42

——— Strip Direct connection
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Why more flexibility:

- instead of to store one drivers for one sub-detectors
configuration, we propose a knd of lego game or
“cooking”.

- from the DataBase we enter the ingredient we wish:

- | want a full silicon tracker — automatic
generation

- | want ans envelop of silicon composed of one
8-Pgon barrel, with one XUV encaps both equiiped
with active edge sensor with tab configuration
(layer of silicon sensor — Kapton — electonics)

- the drivers pick up all the class needed to
build this configurarion



Silicon Tracking System
Geometry builder — hierarchy with ILD example

« All “family” are built into a common hierarchy (generic name)
* the silicon module

+ the super-module (ex: quadrant for ETD, face in thesbafre
region) =

» the detection element (ex:1 sgCli

« build the layer (ex: one bary

* build the sub-detectors (ex
» Supports/cables builder could
area for material buget effect

» Mis-alignment according the meth:
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To offer this modularity we need a predefined
structure:

— here are enumerate of a subdetectors is build — 5
steps
— the independancy of the support, cabling etc ...

There is example according the ILD concept..



Example of Application
ILD Concept
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Now application for ILD concept



e Baseline

ENE EOI ¥iew UATONS  L00Is

Silicg
ILD

100.12*100.12*2¢
Strip technology

Border Mode
© Sunken border
50um pitch (~2048 ¢hanBals), 12:6

Edgeless
Chips on board: S
— A silicon me

style |

Mame

cl:TCanvas

Fill —————
C1- .-
Pad/Canvas
I” Fixed aspect ratio
I Crosshair [ Edit
I~ Gridx ™ Gridy
I Tickx [~ Ticky

Stalgor———
69@5?]%— Mml— 2

Size: |2

iTr130-128+ cor
bdule consistg

-

troller + optical fibre
into n chained silicon sensors

Silicon module (1*2 sensors)
MOKKA generation
Root Display

« GEANT 4 description

Module size: 1*n sensors+50 um gap

The module segmentation and the sensors misalignment (rotation+shift) are
included in the digitisation process

Chip+controller in
Support: graphite

cluded
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Silicon Tracking System

ILD SIT/SET

» Geant 4 description:
Using the edggless properties

[X| ROOT's GL viewer

*Fie_ Canera,

false double

Styls | Guides | Clipping | Sterec (-0.000000, 0.000000, -0.000(

Gaps: 50 micraii:gap-between modules, Super Module, Detection Element
F o e .
¥ Reset on update

Support:
« SET—p

X x3d

SET SuperMaiae SET/SIT
Mokka genera Mokka Genera
Root Dislay \ Root Display




Silicon Tracking System

ILD ETD

» Geant 4 description:

» Using the edgeless properties

« XUV solution: pixels at small angle have to be implemented (XY alternative
solution is available)

X! ROOT's GL viewer

odu 5
Style | Guides | Clipping | Sterec

ad zone ame

GLYiewer:TGLSAY ewet

Element

Support: included, service feltided, cable in progress

¥ Reset on update
Update Scene

Careta Home:

e |
Max L@ drawtime: | 100 5

Clear Calor [ | |-

Light sources |
7 Top P Bottom :
W Left ¥ Right .
W Front W Specular 352

Foint-size scale mﬂr >
Ling-wiclth scale: mﬂ r
wirstrame line-wict| 1.0 5]
Outiine fne-wictn: | 1.0 5]

252
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Silicon Tracking System
Overlapping

Overlapping in the Silicon tracking components:
« checked through Root within 10 um

« according the present status of the development
— SIT, SET, ETD : ok

Overlapping with other detectors:

« SET/TPC — under discussion with the TPC and MOKKA team
(priority of the sub-detectors builder, re-scaling, “who depend of
who”, support structure

« SIT/FTD — fixed

« ETD/ECAL/TPC — under investigation (the place holder is not
defined actually — see C.Clerc)
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Silicon Tracking System

- ' ation
« Modification of the number of silicon barrels in the internal part of ILD
— same ¢ode with different ditabase input

baseline):
2 double « false double » layers

-453
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Silicon Tracking System
Not only ILD — CLIC studies

he shape and the sensor

ILD:
VXD+SIT+SET+ETD+TPC VXD+7couches silicium
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Silicon Tracking System
Other Features

600 E sharing @models03 (Local) =
« Flexible parameters S £l il i ot
Grid View Form View Image Text Hex Filter Wizard Import Wizard Export Wizard
A T T-defaultval
. Ll sit sit_barrel_module_direction_angle 90:0:90;0
Y S e n S 0 rS a n d m Od u I e S I Zes : sit sit_barrel_support_type sit_ildol;sit_ildol
st it barre_sensor_technology 50505050
il sit sit_barrel_module_support_type sit_ildol;sit_ildol
Ll sit sit_barrel_sensor_nb_channels_x LLLL
S rt t / t t n it barre_sensor_nb_channels_y 2048204820485
« Support type/activation N E—rr——r
il sit sit_barrel_sensor_width_x 96,96,96;96
Ll sit sit_barrel_type DoubleLayer;Dout

« Module orientation (face to e e

| si sit_barrel_sensor_width_y 0.0125,0.0125;0.1
the beam Iength along Zor 5
I Ll sit_barrel_z_position

orthogonal, module angle, & rIMOKKADB - DO

. w Soone 0
shifti ng for cove rage ) e
e BES sit_barrel_shape cylinder;cylinder
mEs sit_barrel_nb_face 00
. . BES sit_barrel_radius 179.2;287.7
« Sub-detector dimension D s
BES sit_barrel_longitudinal_adjust expand;expand
HES sit_barrel_nb_sections 11
an d S h ape St_sare_symetry e
™ sit_barrel_module_rotation_theta 0:0:0;0
| s sit_barrel_meodule_rotation_phi 0,0:0;0
° N um be r Of su b_d etecto rs e <it_barrel module support_enabie R — :
] sit sit barrel sensor pitch x 0:0:0:0 i

1180 wh e @1 K

of Ia e rS etC update “models03"." sharing” set "driver_default_value "=’
y e Record 201 of 1000 in page 1 [c|m] ”

International Workshop on Linear Colliders 2010 Alexandre.Charpy@lpnhe.in2p3.fr 15



Present status

What is done:

The design pattern is frozen

The module distribution is done — gap and basic support included

Tasks priority:

complete the integration in Mokka and the ILD concept —> sub-detectors
dependancy ........ in progress (depend of TPC)

Hits management with derivated TRKSDOO class — debugging progress

write the GEAR part according the interface provide by A. Munich and depending
the reconstruction request (S. Aplin)

- “old” GEAR version: hope end of this week

« new GEAR (into two weeks)
complete support and cabling description of the SIT/SET
Complete the cabling for the XUV and XY configuration

write the documentation and examples (to compete the doxygen one) — very
important
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» The design pattern is frozen

What is done:

» The module distribution is done — gap and basic support included
Tasks priority:

» complete the integration in Mokka and the ILD concept —> sub-detectors
dependancy ........ in progress (depend of TPC)

- e e New User arereally Welcome ™
- write the GEAR part a ] i a1 Munich and depending
the reconstruction reqm%@g_gaﬂ,ﬁéa’ﬁ‘aﬁk
+ ‘“old” GEAR version: hope end of this week

*  new GEAR (into two weeks)
« complete support and cabling description of the SIT/SET

» Complete the cabling for the XUV and XY configuration

» write the documentation and examples (to compete the doxygen one) — very
important
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