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Status of Current Tracking Status of Current Tracking 
StudiesStudies

�� Based on different simulation frameworkBased on different simulation framework

�� Different event generatorsDifferent event generators

�� Different level of detector simulation Different level of detector simulation 
details (example: gaussian smearing vs details (example: gaussian smearing vs 
full digitization)full digitization)

�� Different algorithms for pattern recognition Different algorithms for pattern recognition 
and track fittingand track fitting
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Introducing A New StudyIntroducing A New Study
�� Compare SiD tracker, former 4th Concept TPC and Compare SiD tracker, former 4th Concept TPC and 

CluCou DCH on the same footing (as much as possible)CluCou DCH on the same footing (as much as possible)
�� Use the same software frameworkUse the same software framework
�� Use the same eventsUse the same events
�� Use the same simulation details (wherever possible)Use the same simulation details (wherever possible)
�� Use the same track fitter (but different pattern recognition Use the same track fitter (but different pattern recognition 

algorithms)algorithms)

�� Goal:Goal:
�� Identify strenght and weakness of each technologyIdentify strenght and weakness of each technology
�� Give indications toward an optimal tracker for LCGive indications toward an optimal tracker for LC
�� Put a basis for detector optimizationPut a basis for detector optimization

�� FNAL FNAL –– INFN joint studyINFN joint study
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Benchmark ChannelsBenchmark Channels

�� Single particleSingle particle

�� ee++ee-- --> Z> ZooHHoo --> > µµ++µµ--X withX with ee++ee-- --> Z> ZooZZoo --> > 
µµ++µµ--XX background [Ebackground [Ecmcm=230]=230]

�� ee++ee-- --> ttbar> ttbar-->6jets>6jets

�� ee++ee-- --> W> W++WW-- -->4jets>4jets
�� ττ Polarization Study (also important for EM Polarization Study (also important for EM 

calorimetry)calorimetry)

�� Beam background studiesBeam background studies
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�� VXD + TPCVXD + TPC
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The SubThe Sub--Detectors InvolvedDetectors Involved
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Beam Pipe and VXD layoutBeam Pipe and VXD layout

�� Beam Pipe: Beam Pipe: 
�� 400 400 µµm Bem Be
�� 25 25 µµm Tim Ti

�� VXD: SiD/4th Concept VXD: SiD/4th Concept 
�� 5 barrel layers x 4 5 barrel layers x 4 

endcapsendcaps
�� 20 20 µµm x 20 m x 20 µµm pixel m pixel 

sizesize
�� Detector support: 100 Detector support: 100 

µµm CarbonFiberm CarbonFiber
�� Si modules: 100 Si modules: 100 µµm m 

SiSi
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TPC LayoutTPC Layout

�� Gas: ArGas: Ar--CF4: 97CF4: 97--33
�� AliceAlice’’s vessel scaled downs vessel scaled down

�� Inner Radius: 0.20 mInner Radius: 0.20 m
Outer Radius: 1.50 m Outer Radius: 1.50 m 
Half Length : 1.50 m Half Length : 1.50 m 

�� Active readout region: 25 cm Active readout region: 25 cm –– 4545
�� All passive material included in geometryAll passive material included in geometry

�� CageCage
�� EndcapsEndcaps
�� Electronics and cablesElectronics and cables
�� ServicesServices
�� SupportSupport

�� ReadoutReadout
�� Pad Inner:Pad Inner: Width 0.23 cmWidth 0.23 cm Length 0.42 cmLength 0.42 cm

Pad Outer1: Width 0.34 cmPad Outer1: Width 0.34 cm Length 0.57 cmLength 0.57 cm
Pad Outer2: Width 0.34 cmPad Outer2: Width 0.34 cm Length 0.85 cm Length 0.85 cm 

�� 5 MuMega rows5 MuMega rows
�� 512 pixels with  55 512 pixels with  55 µµm x 55 m x 55 µµmm
�� Cluster statistics included  (30/cm)Cluster statistics included  (30/cm)
�� εε = 90%/electron= 90%/electron
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SiD Tracker LayoutSiD Tracker Layout
� Version SiD01-Polyhedra + SiD01
� Guard ring: mm 0.07
� Barrel Layers: 5
� Total Tiles Barrel 7312
�

� Wafer layout
� Strip pitch 50 µm
� Strip thickness (Si wafer) 300 µm
� Strip length 93.31 mm
� Tile width 93.531 mm
� Carbonfiber in 0.228 mm
� Rohacell tickness 3.175 mm
� Carbonfiber out 0.228 mm
� Si support 300 µm x 6.667 mm x 63.8 mm
� Kapton Layer 0.1 mm
�

� Support layout
� Carbon Fiber 500  µm
� Rohacell 8.075 mm
� Carbon Fiber 500  µm
�

� Barrel Layer layout
� Radial position (Barrel) cm 18.5-24.5; 44.1-50.1; 69.6-75.6; 95.2-101.2; 120.8-126.5
� Z-length cm 53.4; 121.6; 189.6; 257.8; 326

� Endcap rmin rmax z position in cm
1 18.5 48.6 62.9148
2 18.5 74.1 96.915515
3 18.5 99.7 131.016285
4 19.5 125.3 165.117005
5 2.78 16.67 20.59408
6 7.51 16.67 54.04408

7 11.65 16.67 83.14408

Barrel has single sensor strips

Endaps have double sensor strips 
with 17.5 mrad stereo angle 
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DCH LayoutDCH Layout
�� Vessel: 23Vessel: 23--150 cm 150 cm 
�� Active volume: 37Active volume: 37--145 cm145 cm
� Individual wires simulated

� 60000   20 µm W sense wires     
� 120.000   80 µm  Al  field wires 

� Gas: 90% He + 10% iC4H10
� Layers: 152
� Cells size and shape: 

� 6.35 mm x 6.35 mm axial 
square for reconstruction 
studies

� Exagonal all-stereo 
superlayers, r-dependent size, 
for occupancy studies
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Material Budget at Material Budget at θθ= 90= 90°°

((θθ= 0= 0°° for endcaps/endplates)for endcaps/endplates)

�� Drift ChamberDrift Chamber
�� Gas [HeGas [He--C4H10/90C4H10/90--10]: 0.15%10]: 0.15%
�� Wires: 0.4%Wires: 0.4%
�� Vessel: Vessel: 

�� Inner wall: 0.1% X/XoInner wall: 0.1% X/Xo
�� Outer wall: 2% X/XoOuter wall: 2% X/Xo
�� Endcaps (wires, pads,electronics & services Endcaps (wires, pads,electronics & services 

included): 8% X/Xoincluded): 8% X/Xo

TPCTPC
�� Gas[ArGas[Ar--CF4/97CF4/97--3]: 1.3% 3]: 1.3% 

�� Vessel: Vessel: 
�� Inner wall + cage: 0.29% X/XInner wall + cage: 0.29% X/Xoo

�� Outer wall: 1.2% X/XOuter wall: 1.2% X/Xoo

�� Endcaps (wires, pads,electronics & Endcaps (wires, pads,electronics & 
services included): 35services included): 35--54% X/X54% X/Xoo

Si TrackerSi Tracker
�� Barrel :6.21% (Si= 3.98% + Support=2.23%)Barrel :6.21% (Si= 3.98% + Support=2.23%)
� Endcap Inner Disks: 2.93 %  X/Xo 
� Endcap Outer Disks: 4.39-5.39% (with supports)  

X/Xo 

�� Beam Pipe: 0.18% X/XBeam Pipe: 0.18% X/Xoo

�� VXD:VXD:
�� Detector & support: 0.8% Detector & support: 0.8% 

X/XX/Xoo
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CaveatCaveat
�� None of the layout have been optimized yetNone of the layout have been optimized yet

�� CluCou group is redesigning the endcaps with spherical shape (+6CluCou group is redesigning the endcaps with spherical shape (+65 cm 5 cm 
in z)in z)

�� SiD has not segmented the endcaps yetSiD has not segmented the endcaps yet

�� Efficiency studies as function of momentum will Efficiency studies as function of momentum will 
not be presentednot be presented
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Simulation and Reconstruction Simulation and Reconstruction 
AlgorithmsAlgorithms

�� All studies performed with ILCrootAll studies performed with ILCroot
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Simulation (Full Digitization)*Simulation (Full Digitization)*

�� Hits: Hits: produced by MC produced by MC 
(G3,G4,Fluka)(G3,G4,Fluka)

�� SDigits: SDigits: simulate detector simulate detector 
response for each hitresponse for each hit

�� Digits: Digits: merge digit from several merge digit from several 
files of SDigits (example Signal files of SDigits (example Signal 
+ Beam Bkgnd)+ Beam Bkgnd)

�� Recpoints: Recpoints: Clusterize nearby Clusterize nearby 
DigitsDigits

�� Pattern recognition through Pattern recognition through 
Parallel Kalman FilterParallel Kalman Filter

MC Generation ⇒
Energy Deposits in Detector

SDigitization ⇒
Detector response from single particle

Digitization ⇒
Detector response combined

Pattern Recognition ⇒ Recpoints

Track Finding ⇒ Tracks

Track Fitting ⇒ Track Parameters

*except TPC

MC Generation ⇒
Energy Deposits in Detector

SDigitization ⇒
Detector response from single particle
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VXD Single Cluster Resolution VXD Single Cluster Resolution 
(single track)(single track)
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SiT Single Cluster Resolution (single SiT Single Cluster Resolution (single 
track)track)

Noise =100 e

s/n = 20
Threshold = 3 x noise
Add extra fudge factor with σ=5µm

17.5 mrad stereo

Barrel y coordinate
Endcap y coordinate

Endcap x coordinate
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TPC Total ResolutionTPC Total Resolution
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Single Particle StudiesSingle Particle Studies
�� 10,000 events: 10 muons 10,000 events: 10 muons 
�� P: [0.02,200] GeV P: [0.02,200] GeV 
�� θθ: [0,180: [0,180°°]]
�� ϕϕ: [0,360: [0,360°°]]
�� B: 3.5 TeslaB: 3.5 Tesla
�� No background No background --> use gaussian smearing > use gaussian smearing 

of hits for faster simulationof hits for faster simulation
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Defining Defining ““Good TracksGood Tracks””
(reconstructable)(reconstructable)

I.I. DCA(true) < 3.5 cm DCA(true) < 3.5 cm 
ANDAND

II.II. (At least 20 hits in TPC/DCH(At least 20 hits in TPC/DCH
OROR

III.III. At least 4 hits in SiT + VXD)At least 4 hits in SiT + VXD)
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Good Tracks vs Good Tracks vs θθ

DCH
TPC

SiTGeneratedTracksTotal

TracksGood=ε
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Good Tracks vs Good Tracks vs θ θ (zoom)(zoom)
DCH

TPC

SiT

GeneratedTracksTotal

TracksGood=ε

10°

12.6° 12.6°

Extended coverage 
from Forward Tracker
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Efficiency vs Efficiency vs θθ
TPC

SiT

tracksgood

trackstedreconstruc=ε

10 muons

DCH

Extended coverage 
from Forward Tracker
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Momentum Resolution vs PMomentum Resolution vs P
DCH TPC

SiT

10 muons

wires

Larger MS
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Momentum Resolution vs PMomentum Resolution vs P22
1

2 / Pppo +
10 muons
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Momentum Resolution vs PMomentum Resolution vs P22
1

2 / Pppo +
10 muons

Si-strips or µmegasMultiple scattering
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θθ Resolution vs PResolution vs P2*22
1

2 / p
o Ppp +

10 muons

Single sensors in 
barrel
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ϕϕ Resolution vs PResolution vs P22
1

2 / Pppo +
10 muons
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DDoo Resolution vs PResolution vs P2*22
1

2 / p
o Ppp +

10 muons

VXD dominated
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ZZoo Resolution vs PResolution vs P2*22
1

2 / p
o Ppp +

10 muons

Single sensors in 
barrel
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Pt Resolution vs Pt Resolution vs θθ 10 muons

No Forward 
Tracking
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θθ Resolution vs Resolution vs θθ 10 muons

Single sensors in 
barrel
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ϕϕ Resolution vs Resolution vs θθ 10 muons

No Forward 
Tracking
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Do Resolution vs Do Resolution vs θθ
10 muons

No Forward 
Tracking
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Zo Resolution vs Zo Resolution vs θθ
10 muons

Single sensors in 
barrel
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DCH Resolution vs DCH Resolution vs θθ
10 muons
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SiT Resolution vs SiT Resolution vs θθ 10 muons
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TPC Resolution vs TPC Resolution vs θθ
10 muons
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Tracking Performance for Single Tracking Performance for Single 
Tracks (P=[0.02,200] GeV)Tracks (P=[0.02,200] GeV)
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Tracking Performance for Single Tracking Performance for Single 
Tracks (P=[0.02,200] GeV)Tracks (P=[0.02,200] GeV)
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Tracking Performance for Single Tracking Performance for Single 
Tracks (P=[0.02,200] GeV)Tracks (P=[0.02,200] GeV)
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Detector Performance with Detector Performance with 
PhysicsPhysics

�� ee++ee-- --> ttbar> ttbar-->6jets (1000 events)>6jets (1000 events)

�� Full digitization (very important in Full digitization (very important in 
multimulti--jet environnement)jet environnement)
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ee++ee-- --> t> ttt --> 6 > 6 
jetsjets

with DCHwith DCH

EECMCM=500 GeV=500 GeV

Loopers

�� Hits per cell vs Hits per cell vs 
layerlayer

�� Occupancy vs Occupancy vs 
layerlayer

DCHDCH
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SiT Wafer Occupancy Studies SiT Wafer Occupancy Studies 
(Barrel)(Barrel)

3.5 Tesla 5 Tesla

32% More Hits at 5 
Tesla (loopers)

ttbar->6jets

Hits per wafer Hits per wafer
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200 events only
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Momentum Resolution vs PMomentum Resolution vs P
DCH TPC

ttbar->6jets

SiT

0.5% fewer 
tracks 

reconstructed

Lower multiple 
scattering
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θθ Resolution vs PResolution vs P
DCH TPC

SiT

ttbar->6jets
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Do Resolution vs PDo Resolution vs P
DCH TPC

SiT

ttbar->6jets
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Pt Resolution vs Pt Resolution vs θθ
DCH

SiT

ttbar->6jets

TPC

Extended 
coverage

Lower multiple 
scattering
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θθ Resolution vs Resolution vs θθ
DCH TPC

SiT

ttbar->6jets
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Do Resolution vs Do Resolution vs θθ
DCH TPC

SiT

ttbar->6jets

Extended 
coverage

Lower multiple 
scattering
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�� A crossA cross--concept detector study has recently (1.5 months) concept detector study has recently (1.5 months) 
started, comparing started, comparing CluCouCluCou DCH, 4th TPC and DCH, 4th TPC and SiDSiD TrackerTracker

�� Goal is to get further insight into three Detector technologies Goal is to get further insight into three Detector technologies 
for a Central Tracker at ILCfor a Central Tracker at ILC

�� FNAL and INFN collaborationFNAL and INFN collaboration

�� Full machinery is  in place, including Full machinery is  in place, including digitization, pattern digitization, pattern 
recognition and recognition and KalmanKalman FitFit (V0 reconstruction missing in (V0 reconstruction missing in 
SiTSiT))

�� Several studies already in progressSeveral studies already in progress

�� TurnTurn--key simulationkey simulation: usable with any Physics channels : usable with any Physics channels 
and/or backgroundand/or background

�� Perfect environment for detector optimizationPerfect environment for detector optimization

ConclusionsConclusions
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Backup slidesBackup slides
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SiD TrackerSiD Tracker
�� 55--Layer silicon strip outer tracker, covering Layer silicon strip outer tracker, covering RRinin = 20 cm to R= 20 cm to Routout = 125 cm, = 125 cm, 

to accurately measure the momentum of charged particlesto accurately measure the momentum of charged particles

�� SupportSupport
�� DoubleDouble--walled CF cylinderswalled CF cylinders

�� Allows full Allows full azimuthalazimuthal and and 
longitudinal coveragelongitudinal coverage

�� BarrelsBarrels
�� Five barrels, measure Phi onlyFive barrels, measure Phi only

�� EightyEighty--fold phi segmentationfold phi segmentation

�� ~ 10 cm z segmentation ~ 10 cm z segmentation 

�� Barrel lengths increase withBarrel lengths increase with
radiusradius

�� DisksDisks
�� Four doubleFour double--disks per end disks per end 

�� Measure R and PhiMeasure R and Phi

�� varying R segmentationvarying R segmentation

�� Disk radii increase with ZDisk radii increase with Z

Layer 1

Layer 5
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4thConcept ILC 4thConcept ILC DriftDrift ChamberChamber
LayoutLayout

Hexagonal cells f.w./s.w.=2:1

cell height:  1.00 ÷ 1.20 cm
cell radius:  6.00 ÷ 7.00 mm

(max. drift time < 300 ns !)

20 superlayers, in 200 rings
10 cells each (7.5 in average)
at alternating stereo angles

±72 ÷ ±180 mrad
(constant stereo drop = 2 cm)

60000 sense w. 20 µm W

120000 field w.  80 µm Al

“easy” t-to-d r(t) (few param.)

>90% sampled volume

F. Grancagnolo. --- CLUCOU for ILC ---
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SiD Tracking EfficiencySiD Tracking Efficiency
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4thConcept ILC 4thConcept ILC DriftDrift ChamberChamber
Layout and Layout and assemblyassembly techniquetechnique

Length:
3.4 m at r = 22.5 cm
3.0 m at r = 147.0 cm

Spherical end plates:
C-f. 12 mm + 30 µm Cu
(0.047 X0)

Inner cylindrical wall:
C-f. 0.2 mm + 30 µm Al
(0.001 X0)

Outer cylindrical wall:
C-f./hex.cell. sandwich
held by 6 unidir. struts
0.020 X0)

Retaining ring

Stiffening ring

Gas = 0.0015 X0

Wires = 0.0040 X0

TOTAL = 0.028 X0

F. Grancagnolo. --- CLUCOU for ILC ---
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CLUCLUster ster COUCOUntingnting
MC generated events:
2cm diam. drift tube
gain = few x 10
gas: 90%He–10%iC4H10

no electronics simulated

vertical arbitrary units

cosmic rays triggered
by scintillator telescope
and readout by:
8 bit, 4 GHz, 2.5 Gsa/s
digital sampling scope
through a 1.8 GHz, x10
preamplifier

b=0 b=1 cm

10 mV 500 ns

trigger signal

t0 tlasttfirst

tmax=1.6 µs

F. Grancagnolo. --- CLUCOU for ILC ---
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Pulls (full digitization)Pulls (full digitization)
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DCH Event DisplayDCH Event Display
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ee++ee-- --> Z> ZooHHoo --> > µµ++µµ--X X 
++ ee++ee-- --> Z> ZooZZoo --> > µµ++µµ--XX background background 

[E[Ecmcm=230]=230]

� Momentum spectrum for generated  tracks entering the central tracker region
� Standard benchmarck channel
� Used as reference with existing analyses

Hard 
muons
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ee++ee-- --> ttbar> ttbar-->6jets E>6jets Ecmcm=350=350

� Momentum  spectrum for generated  tracks entering the central tracker region
� One of channels with softest charged tracks
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ee++ee-- --> W> W++WW-- -->4jets Ecm=350>4jets Ecm=350

� W+ and W- generated mostly in the forwar/backward direction
� Channels with soft charged tracks emitted in the forward direction
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ττ Polarization Study inPolarization Study in
ee++ee-- --> ttbar > ttbar -->H>H++HH-- bbar bbar --> > ττ νν --> > ππ++ νν

ee++ee-- --> ttbar > ttbar -->H>H++HH-- bbar bbar --> > ττ νν --> > ρρ νν --> > ππ++ ππoo

� From: Impact of tau polarization on the study of the MSSM charged Higgs bosons in top quark decays at the ILC
� E. Boos and V. Bunichev, Skobeltsyn Institute of Nuclear Physics, MSU, 119992 Moscow, Russia
� M. Carena, Fermi National Accelerator Laboratory, Batavia, IL 60510, USA
� C.E.M. Wagner, High Energy Physics Division, Argonne National Laboratory, Argonne, IL 60637, USA and
� Enrico Fermi Institute, Univ. of Chicago, 5640 S. Ellis Ave., Chicago, IL. 60637, USA
� FERMILAB-CONF-05-265-T,
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Charged pion spectra (ECharged pion spectra (ECMCM=800 GeV)=800 GeV)

� Semi-exclusive channel for charged Higgs study
� Gives several insight in the MSSM parameters
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The Framework: ILCrootThe Framework: ILCroot
�� Integrated framework for generation, simulation, reconstruction Integrated framework for generation, simulation, reconstruction and and 

analysisanalysis

�� CERN architecture (Aliroot)CERN architecture (Aliroot)

�� Uses ROOT as infrastructureUses ROOT as infrastructure
�� All ROOT tools are available (I/O, graphics, PROOF, data structuAll ROOT tools are available (I/O, graphics, PROOF, data structure, etc)re, etc)

�� Extremely large community of users/developersExtremely large community of users/developers

�� TGenerator for events generationTGenerator for events generation

�� Virtual Geometry Modeler (VGM) for geometryVirtual Geometry Modeler (VGM) for geometry

�� Virtual Montecarlo (VMC) for simulationVirtual Montecarlo (VMC) for simulation

�� Six MDC have proven robustness, reliability and portabilitySix MDC have proven robustness, reliability and portability
� Available via cvs repository at Fermilab:

cvs -d :pserver:anonymous@cdcvs.fnal.gov:/cvs/ilcroot co
� For the installation, see: 

http://www.fisica.unile.it/~danieleb/IlcRoot
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The Virtual Montecarlo ConceptThe Virtual Montecarlo Concept

�� Virtual MC provides a virtual interface to Monte Virtual MC provides a virtual interface to Monte 
CarloCarlo

�� It It decouples the dependence of a user code on decouples the dependence of a user code on 
a concrete MC a concrete MC 

�� It allows to run the same user application with all It allows to run the same user application with all 
supported Monte Carlo programssupported Monte Carlo programs

�� The concrete Monte Carlo (Geant3, Geant4, The concrete Monte Carlo (Geant3, Geant4, 
FlukaFluka) is selected and loaded at run time ) is selected and loaded at run time 

�� Choose the optimal Montecarlo for the studyChoose the optimal Montecarlo for the study
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A Modular Approach: A Modular Approach: 
The Detector ClassThe Detector Class

�� Both sensitive modules (detectors) and nonBoth sensitive modules (detectors) and non--sensitive ones are sensitive ones are 
described by this base class. described by this base class. 

�� This class must support:This class must support:
�� Geometry descriptionGeometry description
�� Event displayEvent display
�� Simulation by the MCSimulation by the MC
�� DigitizationDigitization
�� Pattern recognitionPattern recognition
�� Local reconstructionLocal reconstruction
�� Local PiDLocal PiD
�� CalibrationCalibration
�� QAQA
�� Data from the above tasksData from the above tasks

�� Several versions of the same detector are possibleSeveral versions of the same detector are possible (choose at run (choose at run 
time)time)

�� The The geometrygeometry can can bebe specifiedspecified
using:using:
�� Root (TGeo)Root (TGeo)
�� Geant3Geant3

�� Geant4Geant4

�� FlukaFluka

�� GDMLGDML

�� XMLXML

�� OracleOracle

�� CAD (semiCAD (semi--automatic)automatic)
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The Event GeneratorsThe Event Generators

�� The event generators (for tracking The event generators (for tracking 
studies) used:studies) used:

�� PandoraPandora--Pythia/Sherpa/Whizard Pythia/Sherpa/Whizard 
/CompHep for Physics Channels/CompHep for Physics Channels

�� GuineaGuinea--Pig for Beam BackgroundPig for Beam Background

�� A variety of phase space generators and A variety of phase space generators and 
cocktails of them for detector cocktails of them for detector 
performanceperformance
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Material Budget in 1mm step: Material Budget in 1mm step: 
Beam Pipe + VXDBeam Pipe + VXD

Intregrated over Intregrated over ϕϕ
r, cm

0 2 4 6 8 10 12 14 16 18 20

/0
.1

0
X/

X

-410

-310

-210
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Material Budget inn 1mm step: Material Budget inn 1mm step: 
TPCTPC

Intregrated over Intregrated over ϕϕ
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Material Budget inn 1mm step:         Material Budget inn 1mm step:         
DCHDCH

Intregrated over Intregrated over ϕϕ
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Material Budget in 1mm step: Material Budget in 1mm step: 
SiSi--BarrelBarrel

Intregrated over Intregrated over ϕϕ
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ee++ee-- --> HHZ > HHZ --> > 
4 jets+2muons4 jets+2muons

with DCHwith DCH

EECMCM=500 GeV=500 GeV

Loopers

�� Hits per cell vs Hits per cell vs 
layerlayer

�� Occupancy vs Occupancy vs 
layerlayer

DCHDCH
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Loopers

�� Hits per cell vs Hits per cell vs 
layerlayer

�� Occupancy vs layerOccupancy vs layer

ee++ee-- --> H> HooZZoo --> > 
2 jets+2muons 2 jets+2muons 

with DCHwith DCH

EECMCM=230 GeV=230 GeV

DCHDCH
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VXD SDigitizationVXD SDigitization
�� Follow the path of the track inside the silicon in steps of 1 Follow the path of the track inside the silicon in steps of 1 

µµmm

�� Per each step:Per each step:
�� convert the energy deposited into chargeconvert the energy deposited into charge

�� spreads the charge asymmetrically across several pixels:spreads the charge asymmetrically across several pixels:

),,,(),( zxstepstep zxErrfzxf σσ=

�� Simulate capacitive pixel coupling by switching on Simulate capacitive pixel coupling by switching on 
nearby pixelsnearby pixels

�� Add random noiseAdd random noise

�� Simulate electronic thresholdSimulate electronic threshold

fdavoltagebiasVticknessSil

stepVlekT

xx

x

⋅==∆=∆
⋅∆∆⋅⋅=

σσ
σ

,,

//
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Clusterization For VXDClusterization For VXD

�� Create a initial cluster from adjacent Create a initial cluster from adjacent 

pixels (sidewise only)pixels (sidewise only)

�� subdivide the initial cluster in smallersubdivide the initial cluster in smaller

NxN  clusters (to be optimized)NxN  clusters (to be optimized)

�� Kalman filter picks up the best clustersKalman filter picks up the best clusters
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SDigitization ParametersSDigitization Parameters
� Size Pixel X = 20 µm

� Size Pixel Z = 20 µm

� Eccentricity = 0.85 (fda)

� Bias voltage = 18 V volts

� cr = 0% (coupling probability for row)

� cc = 4.7% (coupling probability for column)

� threshold = 3000 Electrons

� electronics = 0 (elettronic noise)
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SDigitization in Strips DetectorSDigitization in Strips Detector
�� Get the Segmentation Model for each detector Get the Segmentation Model for each detector 

module (allows for different segmentations) module (allows for different segmentations) 

�� Load background hits from file (if any)Load background hits from file (if any)

�� Loop on the hits and create a segment in Si in 3DLoop on the hits and create a segment in Si in 3D
�� Step inside the Si in equal size incrementsStep inside the Si in equal size increments

�� Compute Drift time to pCompute Drift time to p--side and nside and n--side: side: 
tdrift[0] = (tdrift[0] = (y+(segy+(seg-->>DyDy()*1.0E()*1.0E--4)/2)/GetDriftVelocity(0);4)/2)/GetDriftVelocity(0);

tdrift[1] = ((tdrift[1] = ((segseg-->>DyDy()*1.0E()*1.0E--4)/24)/2--y)/GetDriftVelocity(1);y)/GetDriftVelocity(1);

�� Compute  diffusion constant:Compute  diffusion constant:
sigma[ksigma[k] = TMath::Sqrt(2*] = TMath::Sqrt(2*GetDiffConst(kGetDiffConst(k)*)*tdrift[ktdrift[k]);]);

�� integrate the diffusion integrate the diffusion gaussiangaussian from from --33σσ to 3to 3σσ

�� Charge pileCharge pile--up is automatically taken into accountup is automatically taken into account
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SDigitization in Strips (contSDigitization in Strips (cont’’d)d)

�� Add gaussian electronic noise per each side Add gaussian electronic noise per each side 
separately: s/n = 20separately: s/n = 20

�� Add coupling effect between nearby strips Add coupling effect between nearby strips 
�� different contribution from left and right neighbours different contribution from left and right neighbours 
�� Proportional to nearby signals (BProportional to nearby signals (B--field effect)field effect)

�� Threshold = 3 x noiseThreshold = 3 x noise
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Clusterization in Strip DetectorClusterization in Strip Detector

�� Create Create anan initialinitial clustercluster fromfrom adjacentadjacent strips strips 

�� Separate into Overlapped ClustersSeparate into Overlapped Clusters
�� Look for through in the analog signal shapeLook for through in the analog signal shape

�� Split signal of parent clusters among daugheter Split signal of parent clusters among daugheter 
clusters clusters 

�� Intersect stereo strips to get Recpoints Intersect stereo strips to get Recpoints 
from CoG of signals (and error matrix)from CoG of signals (and error matrix)

�� KalmanKalman filterfilter pickspicks up the best up the best RecpointsRecpoints
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The Parameters fot the StripsThe Parameters fot the Strips

�� Strip size (p, n): 50 mmStrip size (p, n): 50 mm
�� Stereo angle (pStereo angle (p--> 17.5 mrad, n> 17.5 mrad, n-->17.5 mrad)>17.5 mrad)
�� Ionization Energy in Si = Ionization Energy in Si = 3.62E3.62E--0909
�� Hole diffusion constant (= 11 cmHole diffusion constant (= 11 cm22/sec)/sec)
�� Electron diffusion constant (= 30 cmElectron diffusion constant (= 30 cm22/sec)/sec)
�� vvPP

driftdrift(=0.86E+06 (=0.86E+06 cm/sec)cm/sec) , , vvNN
driftdrift(=2.28E+06 (=2.28E+06 cm/sec)cm/sec)

�� Calibration constantsCalibration constants
�� GainGain
�� ADC conversion (1 ADC unit = 2.16 KeV)ADC conversion (1 ADC unit = 2.16 KeV)

�� CCouplingoupling probabilities between strips (p and n)probabilities between strips (p and n)
�� σσ of gaussian noise (p AND n)of gaussian noise (p AND n)
�� thresholdthreshold
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TPC Pads Simulation (fast digit)TPC Pads Simulation (fast digit)

50 µm

TPC TPC µµmegas Simulation (fast digit)megas Simulation (fast digit)
�� Gaussian smearing of hits (55Gaussian smearing of hits (55µµm / m / 

sqrt(12) to make Fastrecpointssqrt(12) to make Fastrecpoints

MC Generation ⇒ Energy Deposits in Detector

SDigitization ⇒ Detector response from single particle

Digitization ⇒ Detector response combined

Pattern Recognition ⇒ Fast Recpoints

Track Finding ⇒ Tracks

Track Fitting ⇒ Track Parameters

Gaussian SmearingGaussian Smearing

From
P. Colas

V. Lepeltier
M. Ronan

TPC Simulation (fast digit)TPC Simulation (fast digit)
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DCH SDigitization DCH SDigitization 
(in progress)(in progress)

�� Follow the path of the tracks inside the cellFollow the path of the tracks inside the cell

�� Per each deposited energy step:Per each deposited energy step:
�� convert the energy deposited into chargeconvert the energy deposited into charge

�� Drift  charge toward sense wire using Magboltz Drift  charge toward sense wire using Magboltz 
parametersparameters

�� Add charge to FADC corresponding channel Add charge to FADC corresponding channel 

�� Add random noiseAdd random noise

�� Simulate electronic thresholdSimulate electronic threshold
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Clusterization For DCH Clusterization For DCH 
(Cluster Counting)(Cluster Counting)

�� Clusterization is done per cellClusterization is done per cell

�� Shape analisys od FADC countShape analisys od FADC count

�� Returns as many recpoints as the number Returns as many recpoints as the number 
of recognized clusters (max 2)of recognized clusters (max 2)
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Tracking Algorithm (for TPC and Tracking Algorithm (for TPC and 
DCH)DCH)

�� Primary TPC/DCH seeding: looks for tracks with 20 Primary TPC/DCH seeding: looks for tracks with 20 
hits (pads and/or hits (pads and/or µµmegas) apart + megas) apart + beam constraintbeam constraint

�� Secondary TPC/DCH seeding: looks for tracks with Secondary TPC/DCH seeding: looks for tracks with 
hits in layer 1, 4 and 7 (hits in layer 1, 4 and 7 (no beam constraintno beam constraint))

�� Parallel Kalman FilterParallel Kalman Filter then initiated:then initiated:
�� 1st step: start from TPC/DCH fit + prolongation to VXD 1st step: start from TPC/DCH fit + prolongation to VXD 

(add clusters there)(add clusters there)

�� 2st step: start from VXD, refit trough TPC/DCH + 2st step: start from VXD, refit trough TPC/DCH + 
prolongation to MUDprolongation to MUD

�� 3st step: start from MUD and refit inword with TPC + 3st step: start from MUD and refit inword with TPC + 
VXDVXD

�� Final step: isolated tracks in VXD (see next slide) and Final step: isolated tracks in VXD (see next slide) and 
in MUD* in MUD* 

�� Kinks and V0Kinks and V0 fitted during the Kalman filteringfitted during the Kalman filtering

�� All passive materials taken into account for MS and All passive materials taken into account for MS and 
dEdx correctionsdEdx corrections

*not yet implemented
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VXD Standalone TrackerVXD Standalone Tracker
�� Uses Clusters leftover from Parallel Kalman Filter Uses Clusters leftover from Parallel Kalman Filter 

� Requires at least 4 hits to build a track

�� Cluster finding in VXD in two stepsCluster finding in VXD in two steps
�� Step 1: Step 1: look for  3  look for  3  RecPointsRecPoints in a narrow row or 2 + the in a narrow row or 2 + the 

beampointbeampoint..

�� Step 2: Step 2: prolongateprolongate to next layers each helix constructed from a to next layers each helix constructed from a 
seed. seed. 

�� After finding clusters, all different combination of clusters After finding clusters, all different combination of clusters 
are refitted with the are refitted with the KalmanKalman Filter and the tracks with Filter and the tracks with 
lowest lowest χχ22 are selected.are selected.

�� Finally, the process is repeated attempting to find tracks Finally, the process is repeated attempting to find tracks 
on an enlarged road constructed looping on the first point on an enlarged road constructed looping on the first point 
on different layers and all the subsequent layers.on different layers and all the subsequent layers.

�� In 3.5 Tesla BIn 3.5 Tesla B--field field --> P> Ptt > 20 MeV> 20 MeV
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Loopers

�� Hits per cell vs Hits per cell vs 
layerlayer

�� Occupancy vs layerOccupancy vs layer

ee++ee-- --> W> W++WW--

--> 4 jets> 4 jets
with DCHwith DCH

EECMCM=500 GeV=500 GeV

DCHDCH
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SiD Wafer Occupancy Studies SiD Wafer Occupancy Studies 
(Barrel)(Barrel)

50% More Hits at 5 
Tesla

5 Tesla3.5 Tesla

e+e- -> ZHH

SiTSiT
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SiT Resolution vs PSiT Resolution vs P 10 muons
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DCH Resolution vs PDCH Resolution vs P
10 muons
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TPC Resolution vs PTPC Resolution vs P
10 muons


