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Status of the studiesStatus of the studies
New DCH performanceNew DCH performanceNew DCH performanceNew DCH performance
Calorimeter performanceCalorimeter performance
Plans for the futurePlans for the future
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Status of Current Performance Status of Current Performance 
StudiesStudies

U d l d L I t lid t i l tiU d l d L I t lid t i l tiUse delayed LoI to consolidate simulation Use delayed LoI to consolidate simulation 
and upgrade packages and upgrade packages 
Faster geometries for background studiesFaster geometries for background studies
Start comparing detector performance withStart comparing detector performance withStart comparing detector performance with Start comparing detector performance with 
and without beam backgroundand without beam background
Use full digitization or fast recpoints Use full digitization or fast recpoints 
depending on the studydepending on the studydepending on the studydepending on the study
Compare Fluka with Geant for trackingCompare Fluka with Geant for tracking
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New DCH LayoutNew DCH Layoutyy
Vessel: 23Vessel: 23--150 cm with 150 cm with 
spherical Endcapsspherical Endcaps
Acti e ol me 23Acti e ol me 23 147 cm147 cmActive volume: 23Active volume: 23--147 cm147 cm
Individual wires simulated

60000   20 μm W sense 
wires

Material BudgetMaterial Budget
Gas [HeGas [He--C4H10/90C4H10/90--10]: 0.15%10]: 0.15%
Wires: 0 4%Wires: 0 4%wires     

120.000   80 μm  Al  field 
wires 

Gas: 90% He + 10%

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/XoGas: 90% He  10% 

iC4H10
Layers: 133
Cells size and shape:

Outer wall: 2% X/XoOuter wall: 2% X/Xo
Endcaps (wires, pads,electronics & Endcaps (wires, pads,electronics & 
services included): 8% X/Xoservices included): 8% X/Xo

Cells size and shape: 
6-7 mm x 6-7 mm axial 
exagonal for reconstruction 
studies
E l ll t S F G lExagonal all-stereo 
superlayers, r-dependent 
size, for occupancy studies

See F. Grancagnolo 
talk for PET wires 
and Boron fiber 
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ttbarttbar >6 jets event in 5 T field>6 jets event in 5 T fieldttbarttbar-->6 jets event in 5 T field>6 jets event in 5 T field
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Good Tracks (Reconstructable)Good Tracks (Reconstructable)
10 muons

New
DCH

10°
Old
DCH

12.6°

Spherical 
EndPlates

Defining “Good Tracks” (reconstructable)Defining “Good Tracks” (reconstructable)

TracksGood

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

g ( )g ( )

GeneratedTracksTotal
TracksGood=εII.II. (At least 10 hits in DCH(At least 10 hits in DCH

OROR
III.III. At least 4 hits in VTX)At least 4 hits in VTX)
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Reconstruction EfficiencyReconstruction Efficiency 10 muons

10°

Axial DCH used for 
reconstructing tracks.

tracksgood
trackstedreconstruc=ε

tracksgood

50 MeV
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DCH Resolution vs P DCH Resolution vs P 
10 muons

L ft i ht bi itLeft-right ambiguity 
for 0.5% of the 

tracks. Will 
di ith
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disappear with 
stereo cells



DCH Resolution vs DCH Resolution vs θθ
10 muons

L ft i ht bi itLeft-right ambiguity 
for 0.5% of the 

tracks. Will 
di ith
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disappear with 
stereo cells
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Performance with ttbarPerformance with ttbar-->6jets (I)>6jets (I)
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Performance with ttbarPerformance with ttbar-->6jets (II)>6jets (II)
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The Fake Clusters ProblemThe Fake Clusters ProblemThe Fake Clusters ProblemThe Fake Clusters Problem
to accept a new recpointto accept a new recpointto accept a new recpoint to accept a new recpoint 
in Kalman track we in Kalman track we 
requirerequire χχ22<16<16require require χχ 16 16 
for correct assignment for correct assignment 
this translate into a this translate into a 
minimumminimum
distance between distance between 
l h 4l h 4clusters greater than 4 clusters greater than 4 

sigmas of resolution. sigmas of resolution. 
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Pattern Recognition PerformancePattern Recognition Performancegg

ttbar
No bkg
0 4%0.4%

-Total recponts
-Misassigned recpoints
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-Misassigned recpoints



Performance Studies forPerformance Studies forPerformance Studies for Performance Studies for 
the Hadronic Calorimeterthe Hadronic Calorimeterthe Hadronic Calorimeterthe Hadronic Calorimeter
New HCAL layout (3rd version)New HCAL layout (3rd version)New HCAL layout (3rd version)New HCAL layout (3rd version)
Still improving simulation algorithmsStill improving simulation algorithms
W f l iW f l i di li hdi li hWaveform analysis Waveform analysis --> disentangling the neutron > disentangling the neutron 
componentcomponent
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The 4th Concept Hadronic The 4th Concept Hadronic 
Calorimeter (third version)Calorimeter (third version)Calorimeter (third version) Calorimeter (third version) 

Cu + scintillating fibers + Ĉerenkov fibers         g

~1.4° aperture angle

10 λ d th~ 10 λint depth

Azimuth coverage

down to 2.8°

Barrel: 16384 cellsBarrel: 16384 cells 

Endcaps: 7450 cells 
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Fully projective geometry



Hadronic Calorimeter CellsHadronic Calorimeter Cells
Bottom view of single cell Top cell size:~ 8.1 × 8.1 cm2Prospective

view ofview of
clipped cell

300 μm radius

Plastic/Quartz fibers

Aperture Number=0.50

(C fibers)
Number of fibers inside each cell: ~1600

equally subdivided between Scintillating and 

Cerenkov

Fiber stepping ~2 mm
Cell length: 150 cm
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g

Each tower works as two independent towers in the same 

volume 

Bottom cell size: ~ 4.4 × 4.4 cm2



Simulation DetailsSimulation Details
ILCroot framework

Pandora-Pythia,Whizard, Sherpa, CompHEP, GuineaPig to 
generate events

Fluka to track particles across the detectors

Scintillation and Cerenkov light handled with appropriate 
l ithalgorithms 

Full digitization/clusterization (noise, thresholds, etc.)

Full pattern recognition
Clusterization = collection of nearby “digits” = collection of nearby “digits” y gy g

Unfolding of overlapping showers through Minuit fit to shower shape

Durham for jet-finding/reconstruction
June 10th, 2008June 10th, 2008 ILC ECFA2008 ILC ECFA2008 -- C. GattoC. Gatto 1919

Durham for jet finding/reconstruction 



Event Display in ILCrootEvent Display in ILCrootEvent Display in ILCrootEvent Display in ILCroot

e+e- -> HoHoZo

−> 4 jets 2 
muons

ECM = 500 
GeV

June 10th, 2008June 10th, 2008 ILC ECFA2008 ILC ECFA2008 -- C. GattoC. Gatto 2020
Low pt secondary 

muon



Total Energy Resolution for diTotal Energy Resolution for di--jets    jets    
(gaussian fit)(gaussian fit)

Di-jets events
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HCAL Total Energy Resolution

(gaussian fit)(gaussian fit)
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HCAL Total Energy Resolution
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HCAL Total Energy Resolution

%4.1/%36/ ⊕= EEEσ
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HCAL Total Energy Resolution
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HCAL Total Energy Resolution
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HCAL Total Energy Resolution
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HCAL Total Energy Resolution
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HCAL Total Energy Response

Energy ResponseEnergy Response Di-jets events
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HCAL Total Energy Response
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HCAL Total Energy Response
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HCAL Total Energy Response
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HCAL Total Energy Response

ηηcc & & ηηss
Independent on Independent on 

EnergyEnergy
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HCAL Total Energy Response

Sigma from Gaussian fit on the Total Energy Distribution

EnergyEnergy
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HCAL Total Energy Response

Mean from Gaussian fit  on the Total Energy Distribution

Sigma from Gaussian fit  on the Total Energy Distribution
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ZZoo Mass    (Mass    (with Gaussian fit)with Gaussian fit)oo (( ))
Entries  996
Mean    91.69
RMS     4.108
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All events, no cuts



Summary of Performace StudiesSummary of Performace StudiesSummary of Performace StudiesSummary of Performace Studies

R l ti ith ltiR l ti ith lti j t d i t dj t d i t dResolutions with multiResolutions with multi--jets are dominated jets are dominated 
by multiple scatteringby multiple scattering
Redundancy of measurements and Redundancy of measurements and 
seeding in central tracker is fundamental seeding in central tracker is fundamental gg
for good performancefor good performance
Small drift cell (drift time <= time betweenSmall drift cell (drift time <= time betweenSmall drift cell (drift time <= time between Small drift cell (drift time <= time between 
BXs) relax the requirements on the VTXBXs) relax the requirements on the VTX
Energ resol tion in D al Reado tEnerg resol tion in D al Reado tEnergy resolution in Dual Readout Energy resolution in Dual Readout 
calorimeter is unaffected by smaller towercalorimeter is unaffected by smaller tower

June 10th, 2008June 10th, 2008 ILC ECFA2008 ILC ECFA2008 -- C. GattoC. Gatto 2424



ConclusionsConclusions
Performance studies are well under wayPerformance studies are well under way
Critical issues have been pinpointed Critical issues have been pinpointed 
ILCroot is being continuously upgraded with newerILCroot is being continuously upgraded with newerILCroot is being continuously upgraded, with newer ILCroot is being continuously upgraded, with newer 
versions of the subdetectorsversions of the subdetectors
Si l ti lid ti h i tl l d dSi l ti lid ti h i tl l d dSimulation consolidation phase is mostly concludedSimulation consolidation phase is mostly concluded
Physics benchmark studies will start shortlyPhysics benchmark studies will start shortly
We just learnt that Fluka must be used for shower We just learnt that Fluka must be used for shower 
simulation and G4 for tracking (not a problem insimulation and G4 for tracking (not a problem insimulation and G4 for tracking (not a problem in simulation and G4 for tracking (not a problem in 
ILCroot)ILCroot)
Muon detector studies have been deferredMuon detector studies have been deferred
June 10th, 2008June 10th, 2008 ILC ECFA2008 ILC ECFA2008 -- C. GattoC. Gatto 2525

Muon detector studies have been deferredMuon detector studies have been deferred



Backup slidesBackup slidesBackup slidesBackup slides
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4thConcept ILC Drift Chamber4thConcept ILC Drift Chamber
L tL tLayoutLayout

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

cell height: 1 00 ÷ 1 20 cmcell 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 anglesat 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
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F. Grancagnolo. --- CLUCOU for ILC ---



4thConcept ILC Drift Chamber4thConcept ILC Drift Chamber
Layout and assembly techniqueLayout and assembly technique

Length:Length
3.4 m at r = 22.5 cm
3.0 m at r = 147.0 cm
Spherical end plates:

TOTAL = 0.028 X0

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. strutsheld by 6 unidir. struts
0.020 X0)
Retaining ring

Gas = 0.0015 X0
Wires = 0.0040 X0
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Stiffening ring

F. Grancagnolo. --- CLUCOU for ILC ---



CLUCLUsterster COUCOUntingntingCLUCLUster ster COUCOUntingnting
MC generated events:
2cm diam. drift tube
gain = few x 10

0%H 10% Hgas: 90%He–10%iC4H10

no electronics simulated
vertical arbitrary units

b 0 b 1 cm

cosmic rays triggered

b=0 b=1 cm

cosmic rays triggered
by scintillator telescope
and readout by:
8 bit 4 GHz 2 5 Gsa/s8 bit, 4 GHz, 2.5 Gsa/s
digital sampling scope
through a 1.8 GHz, x10
preamplifier

10 mV 500 ns

trigger signal
t0 tlasttfirst

tmax=1.6 μs
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preamplifier tr gg r s gna

F. Grancagnolo. --- CLUCOU for ILC ---



Pulls (full digitization)Pulls (full digitization)( g )( g )
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ee++ee-- --> Z> ZooHHoo --> > μμ++μμ--X X 
++ ee++ee-- > Z> Z ZZ >> μμ++μμ--XX backgroundbackground++ ee++ee --> Z> ZooZZoo --> > μμ++μμ XX background background 

[E[Ecmcm=230]=230][[ cmcm ]]

Hard 
muon

s

Momentum spectrum for generated  tracks entering the central tracker region
Standard benchmarck channel
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Sta da d be c a c c a e
Used as reference with existing analyses



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

Momentum  spectrum for generated  tracks entering the central tracker region
O f h l ith ft t h d t k
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One of channels with softest charged tracks



ee++ee-- > W> W++WW-- >4jets Ecm=350>4jets Ecm=350ee 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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The Framework: ILCrootThe Framework: ILCroot
Integrated framework for generation, simulation, reconstruction and Integrated framework for generation, simulation, reconstruction and 
analysisanalysisanalysisanalysis
CERN architecture (Aliroot)CERN architecture (Aliroot)
Uses ROOT as infrastructureUses ROOT as infrastructure

All ROOT tools are available (I/O, graphics, PROOF, data structure, etc)All ROOT tools are available (I/O, graphics, PROOF, data structure, etc)
Extremely large community of users/developersExtremely large community of users/developers

TGenerator for events generationTGenerator for events generationTGenerator 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 cocvs -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 ConceptThe Virtual Montecarlo ConceptThe Virtual Montecarlo Concept
Vi t l MC id i t l i t f t M tVi t l MC id i t l i t f t M tVirtual 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, 
Fluka) is selected and loaded at run time Fluka) 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 aresensitive ones areBoth 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:

G t d i tiG t d i ti The geometry can be specifiedThe geometry can be specifiedGeometry descriptionGeometry description
Event displayEvent display
Simulation by the MCSimulation by the MC

The geometry can be specified The geometry can be specified 
using:using:

Root (TGeo)Root (TGeo)
Geant3Geant3

DigitizationDigitization
Pattern recognitionPattern recognition
Local reconstructionLocal reconstruction

Geant4Geant4
FlukaFluka
GDMLGDML
XMLXMLLocal PiDLocal PiD

CalibrationCalibration
QAQA

XMLXML
OracleOracle
CAD (semiCAD (semi--automatic)automatic)

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)
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ee++ee-- > HHZ> HHZ >>

DCHDCH

ee++ee --> HHZ > HHZ --> > 
4 jets+2muons4 jets+2muons

with DCHwith DCHLoopers t Ct C

EECMCM=500 GeV=500 GeV
Hits per cell vs Hits per cell vs 
layerlayer

Occupancy vsOccupancy vs
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Occupancy vs Occupancy vs 
layerlayer



ee++ee-- --> H> HooZZoo -->>
DCHDCH

Loopers

ee ee  H H ZZ   
2 jets+2muons 2 jets+2muons 

with DCHwith DCHwith DCHwith DCH

EECMCM=230 GeV=230 GeV
Hits per cell vs Hits per cell vs 
layerlayer

EECMCM 230 GeV230 GeV

Occupancy vs layerOccupancy vs layer
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Occupancy vs layerOccupancy vs layer



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= pp

fdavoltagebiasVticknessSil
stepVlekT

xx

x

⋅==Δ=Δ
⋅ΔΔ⋅⋅=

σσ
σ

,,
//

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

fgVS xx σσ,,

nearby pixelsnearby pixels
Add random noiseAdd random noise
Simulate electronic thresholdSimulate electronic threshold
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Simulate electronic thresholdSimulate electronic threshold



Clusterization For VXDClusterization For VXDClusterization For VXDClusterization For VXD
Create a initial cluster from adjacent Create a initial cluster from adjacent 

pixels (sidewise only)pixels (sidewise only)pixels (sidewise only)pixels (sidewise only)

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

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

Kalman filter picks up the best clustersKalman filter picks up the best clusters
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SDigitization ParametersSDigitization ParametersSDigitization ParametersSDigitization Parameters
Size Pixel X = 20 μmμ
Size Pixel Z = 20 μm
E t i it 0 85 (fd )Eccentricity = 0.85 (fda)
Bias voltage = 18 V volts
cr = 0% (coupling probability for row)
cc = 4 7% (coupling probability for column)cc = 4.7% (coupling probability for column)
threshold = 3000 Electrons
electronics = 0 (elettronic noise)
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SDigitization in Strips DetectorSDigitization in Strips Detectorg pg p
Get the Segmentation Model for each detector Get the Segmentation Model for each detector 
module (allows for different segmentations)module (allows for different segmentations)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] = (y+(segtdrift[0] = (y+(seg-->Dy()*1.0E>Dy()*1.0E--4)/2)/GetDriftVelocity(0);4)/2)/GetDriftVelocity(0);
tdrift[1] ((segtdrift[1] ((seg >Dy()*1 0E>Dy()*1 0E 4)/24)/2 y)/GetDriftVelocity(1);y)/GetDriftVelocity(1);tdrift[1] = ((segtdrift[1] = ((seg-->Dy()*1.0E>Dy()*1.0E--4)/24)/2--y)/GetDriftVelocity(1);y)/GetDriftVelocity(1);

Compute  diffusion constant:Compute  diffusion constant:
sigma[k] = TMath::Sqrt(2*GetDiffConst(k)*tdrift[k]);sigma[k] = TMath::Sqrt(2*GetDiffConst(k)*tdrift[k]);g ( ( ) )g ( ( ) )

integrate the diffusion gaussian from integrate the diffusion gaussian 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 (cont’d)SDigitization in Strips (cont’d)SDigitization in Strips (cont d)SDigitization in Strips (cont d)

Add gaussian electronic noise per each sideAdd gaussian electronic noise per each sideAdd 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 
P ti l t b i l (BP ti l t b i l (B fi ld ff t)fi ld ff t)Proportional to nearby signals (BProportional to nearby signals (B--field effect)field effect)

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

Create an initial cluster from adjacent strips Create an initial cluster from adjacent strips 
Separate into Overlapped ClustersSeparate into Overlapped ClustersSeparate into Overlapped ClustersSeparate into Overlapped Clusters

Look for through in the analog signal shapeLook for through in the analog signal shape
S lit i l f t l t d h tS lit i l f t l t d h tSplit 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)from CoG of signals (and error matrix)from CoG of signals (and error matrix)
Kalman filter picks up the best Recpoints Kalman filter picks up the best Recpoints 
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The Parameters fot the StripsThe Parameters fot the StripsThe Parameters fot the StripsThe Parameters fot the Strips
St i i ( ) 50St i i ( ) 50Strip 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 0909Ionization 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)Electron diffusion constant (= 30 cmElectron diffusion constant (= 30 cm /sec)/sec)
vvPP

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

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

CCoupling probabilities between strips (p and n)oupling probabilities between strips (p and n)
σσ of gaussian noise (p AND n)of gaussian noise (p AND n)
th h ldth h ld
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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
P h d it d tP h d it d tPer 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 h t FADC di h lAdd h t FADC di h lAdd 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)g ( )g ( )
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Tracking Algorithm (for TPC and Tracking Algorithm (for TPC and 
DCH)DCH)DCH)DCH)

Primary TPC/DCH seeding: looks for tracks with 20 Primary TPC/DCH seeding: looks for tracks with 20 
hits (pads and/orhits (pads and/or μμmegas) apart +megas) apart + beam constraintbeam constrainthits (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: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 +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
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VXD Standalone TrackerVXD Standalone TrackerVXD 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 trackRequires 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 RecPoints in a narrow row or 2 + thelook for 3 RecPoints in a narrow row or 2 + theStep 1: Step 1: look for  3  RecPoints in a narrow row or 2 + the look for  3  RecPoints in a narrow row or 2 + the 
beampoint.beampoint.
Step 2: Step 2: prolongate to next layers each helix constructed from a prolongate to next layers each helix constructed from a 
seedseedseed. seed. 

After finding clusters, all different combination of clusters After finding clusters, all different combination of clusters 
are refitted with the Kalman Filter and the tracks with are refitted with the Kalman 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 pointon an enlarged road constructed looping on the first pointon 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--fieldfield --> P> Ptt > 20 MeV> 20 MeV
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DCHDCH

Loopers

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

--> 4 jets> 4 jets
ith DCHith DCHwith DCHwith DCH

EECMCM=500 GeV=500 GeV

Hits per cell vs Hits per cell vs 
layerlayer

Occupancy vs layerOccupancy vs layer
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Occupancy vs layerOccupancy vs layer
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