
May  4th, 2007May  4th, 2007 Orsay 2007 Orsay 2007 -- C. GattoC. Gatto 11

Physics StudiesPhysics Studies
in the  in the  

44thth Concept  Concept  
On behalf of 4th Concept Software GroupOn behalf of 4th Concept Software Group

D. BarbareschiD. Barbareschi
V. Di BenedettoV. Di Benedetto

E. Cavallo E. Cavallo 
F. Ignatov F. Ignatov 

A. MazzacaneA. Mazzacane
G. TerraccianoG. Terracciano



May  4th, 2007May  4th, 2007 Orsay 2007 Orsay 2007 -- C. GattoC. Gatto 22

4th Concept Software and Simulations4th Concept Software and Simulations
�� The 4th Concept has completed a The 4th Concept has completed a full full 

simulationsimulation study to test the performance of the study to test the performance of the 
baseline configuration baseline configuration 

�� A 56 pages document is available on : A 56 pages document is available on : 
http://4thconcept.orghttp://4thconcept.org

�� The studies have been carried over within The studies have been carried over within 
ILCroot frameworkILCroot framework

�� The event generators (for tracking studies) used:The event generators (for tracking studies) used:
�� PandoraPandora--Pythia for PhysicsPythia for Physics

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

�� A variety of phase space generators and cocktails of A variety of phase space generators and cocktails of 
themthem
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The Baseline DetectorThe Baseline Detector
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ee++ee-- --> Z> ZooHHoo --> > µµ++µµ--XX

�� VXD+TPC+HCAL+MUDVXD+TPC+HCAL+MUD

�� Very simple analysisVery simple analysis

�� Parallel Kalman Filter Only (no VXD SA Tracker)Parallel Kalman Filter Only (no VXD SA Tracker)

�� Cut |P| > 20 GeVCut |P| > 20 GeV

�� Loose DCA cuts: Loose DCA cuts: 
�� ηη < 50 < 50 µµm m 

�� ξξ < 40 < 40 µµmm

�� Requires no kinks in track reconstructionRequires no kinks in track reconstruction

�� Multiple entries per eventMultiple entries per event
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ee++ee-- --> Z> ZooHHoo --> > µµ++µµ--XX
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Mass PlotsMass Plots
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Recoil Mass (500 fb)Recoil Mass (500 fb)

VXD
+

150 pad rows
+

5 µµµµMegas rows

Signal
+
ZZ->µ+µ−X
background
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ee++ee-- --> Z> ZooHHoo --> > νννν cccc
�� Parallel Kalman Filter + VXD Standalon TrackerParallel Kalman Filter + VXD Standalon Tracker
�� PandoraPandora--Pythia + FlukaPythia + Fluka
�� No MUD (use MC truth for muons) No MUD (use MC truth for muons) 
�� Cut recoil mass 20 GeV around ZCut recoil mass 20 GeV around Zoo massmass
�� Maximize j.f. efficiency through yMaximize j.f. efficiency through ytt cut (cut (εεffff=97.5%) =97.5%) 
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Jet Finder PerformanceJet Finder Performance
hcellJetThetaResolution

Entries  518
Mean   0.6033
RMS      6.45

 / ndf 2χ  36.37 / 41
Mean      0.09643± 0.02916 
Constant1  3.349± 4.959 
Sigma1    4.419± 9.055 
Constant2  6.85± 89.87 
Sigma2    0.177± 1.666 
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hcellJetThetaResolution
Entries  518
Mean   0.6033
RMS      6.45

 / ndf 2χ  36.37 / 41
Mean      0.09643± 0.02916 
Constant1  3.349± 4.959 
Sigma1    4.419± 9.055 
Constant2  6.85± 89.87 
Sigma2    0.177± 1.666 

Jet theta resolution (Deg) with cells objects hcellJetPhiResolution
Entries  518
Mean   0.6607
RMS     8.454

 / ndf 2χ  79.64 / 54
Mean      0.09193± 0.05031 
Constant1  5.2±  15.6 
Sigma1    0.77±  4.68 
Constant2  9.13± 87.51 
Sigma2    0.174± 1.116 
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RMS     8.454

 / ndf 2χ  79.64 / 54
Mean      0.09193± 0.05031 
Constant1  5.2±  15.6 
Sigma1    0.77±  4.68 
Constant2  9.13± 87.51 
Sigma2    0.174± 1.116 

Jet phi resolution (Deg) with cells objects

�� Angular resolution < 2Angular resolution < 2°°

�� Energy resolution = 4 GeVEnergy resolution = 4 GeV

hcellJetEResolution
Entries  518
Mean   -1.443
RMS      7.39

 / ndf 2χ  37.01 / 44
Mean      0.229± -1.047 
Constant1  2.78± 39.25 
Sigma1    0.276± 3.966 
Constant2  0.818± 2.328 
Sigma2    9.15± 23.08 
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JetJet--Jet Mass PlotJet Mass Plot
hHiggsMass

Entries  259
Mean      138
RMS     11.19

 / ndf 2χ  14.52 / 32
Mean      0.5± 140.8 
Constant1  2.19± 20.57 
Sigma1    0.515± 5.077 
Constant2  0.594± 1.592 
Sigma2    53.21± 54.13 
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Sigma1    0.515± 5.077 
Constant2  0.594± 1.592 
Sigma2    53.21± 54.13 
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New StudiesNew Studies
sincesince

BeijingBeijing
�� ee++ee-- --> t> ttt --> 6 jets> 6 jets

�� Full digitization and clusterization in VXDFull digitization and clusterization in VXD

�� Improved track reconstructionImproved track reconstruction

�� First studies with ClouCou Drift ChamberFirst studies with ClouCou Drift Chamber

�� ee++ee-- --> H> HooZZoo --> b> bbbqqqq (Preliminary see Anna(Preliminary see Anna’’s s 
talk)talk)
�� Full digitization and clusterization in VXDFull digitization and clusterization in VXD

�� Reconstruction in Barrel MUDReconstruction in Barrel MUD
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ee++ee-- --> t> ttt --> 6 jets > 6 jets 
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ee++ee-- --> t> ttt --> 6 jets> 6 jets

P, GeV
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Track ResolutionsTrack Resolutions
hp

Entries  26893
Mean   0.002361
RMS     1.127
Underflow    2368
Overflow     2356
Integral  2.217e+04
Skewness  -0.03412

 / ndf 2χ   5545 / 497
Prob       0
Constant  2.9± 179.5 
Mean      0.00460± 0.00604 
Sigma     0.008± 0.591 
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 / ndf 2χ   5545 / 497
Prob       0
Constant  2.9± 179.5 
Mean      0.00460± 0.00604 
Sigma     0.008± 0.591 

PHI resolution hl
Entries  26893
Mean   0.0062
RMS    0.8851
Underflow     884
Overflow      904
Integral  2.51e+04
Skewness  0.05969

 / ndf 2χ   6102 / 948
Prob       0
Constant  2.4± 163.6 
Mean      0.0026893± 0.0005742 
Sigma     0.0048± 0.3707 
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Entries  26893
Mean   0.0062
RMS    0.8851
Underflow     884
Overflow      904
Integral  2.51e+04
Skewness  0.05969

 / ndf 2χ   6102 / 948
Prob       0
Constant  2.4± 163.6 
Mean      0.0026893± 0.0005742 
Sigma     0.0048± 0.3707 

LAMBDA resolution

hpt
Entries  26893
Mean   -0.007378
RMS    0.3864
Underflow    1841
Overflow     1551
Integral  2.35e+04
Skewness  0.06414

 / ndf 2χ   8688 / 2572
Prob       0
Constant  1.72± 91.48 
Mean      0.000532± -0.002001 
Sigma     0.0011± 0.0646 

, %2/ppσ
-2 -1.5 -1 -0.5 0 0.5 1 1.5 20

50

100

150

200

250

hpt
Entries  26893
Mean   -0.007378
RMS    0.3864
Underflow    1841
Overflow     1551
Integral  2.35e+04
Skewness  0.06414

 / ndf 2χ   8688 / 2572
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Relative Pt resolution hmpt
Entries  103
Mean   -0.01199
RMS    0.05203
Underflow       6
Overflow        0
Integral      97
Skewness  -2.054

 / ndf 2χ  25.92 / 25
Prob   0.4121
Constant  1.332± 8.158 
Mean      0.002485± -0.001705 
Sigma     0.00251± 0.01821 
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 / ndf 2χ  25.92 / 25
Prob   0.4121
Constant  1.332± 8.158 
Mean      0.002485± -0.001705 
Sigma     0.00251± 0.01821 

Relative Pt resolution (pt>4GeV/c) for electrons

Pt (GeV/c)
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ee++ee-- --> t> ttt --> 6 jets> 6 jets
himd

Entries  26893
Mean   -0.1301
RMS     32.94
Underflow    2463
Overflow     2758
Integral  2.167e+04
Skewness  -0.0001312

 / ndf 2χ   4772 / 945
Prob       0
Constant  2.1± 145.4 
Mean      0.1070± -0.1878 
Sigma     0.17± 13.91 

 mµd, 
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Entries  26893
Mean   -0.1301
RMS     32.94
Underflow    2463
Overflow     2758
Integral  2.167e+04
Skewness  -0.0001312

 / ndf 2χ   4772 / 945
Prob       0
Constant  2.1± 145.4 
Mean      0.1070± -0.1878 
Sigma     0.17± 13.91 

D Impact Parameter Resolution himz
Entries  26893
Mean   -0.5698
RMS     36.95
Underflow    2938
Overflow     2879
Integral  2.108e+04
Skewness  -0.121

 / ndf 2χ   4607 / 495
Prob       0
Constant  3.7± 253.1 
Mean      0.12144± 0.06554 
Sigma     0.19± 15.58 
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Prob       0
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Mean      0.12144± 0.06554 
Sigma     0.19± 15.58 

Z Impact Parameter Resolution

himd
Entries  19538
Mean   -0.06919
RMS     29.58
Underflow    1593
Overflow     1823
Integral  1.612e+04
Skewness  -0.004754

 / ndf 2χ   3314 / 860
Prob       0
Constant  2.0± 124.6 
Mean      0.1087± -0.1228 
Sigma     0.2±  12.3 
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 / ndf 2χ   3314 / 860
Prob       0
Constant  2.0± 124.6 
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Sigma     0.2±  12.3 

D Impact Parameter Resolution himz
Entries  19538
Mean   -0.4784
RMS     30.51
Underflow    1753
Overflow     1680
Integral  1.61e+04
Skewness  -0.171

 / ndf 2χ   2896 / 483
Prob       0
Constant  3.6± 242.5 
Mean      0.11355± 0.05906 
Sigma     0.16± 13.04 
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ee++ee-- --> t> ttt --> 6 jets> 6 jets

P, GeV
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Relative Pt resolution with P
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D Impact Parameter resolution with P
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Z Impact Parameter resolution with P

P, GeV
20 40 60 80 100

, m
ra

d
φ

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

hphivsp
Entries  26893
Mean x   4.765
Mean y  0.009682
RMS x   6.986
RMS y  0.6761
Integral   1.987e+04
Skewness x  0.06667
Skewness y  6.084e+04

       0    3483       0
       0   19872       0
       0    3538       0

hphivsp
Entries  26893
Mean x   4.765
Mean y  0.009682
RMS x   6.986
RMS y  0.6761
Integral   1.987e+04
Skewness x  0.06667
Skewness y  6.084e+04

       0    3483       0
       0   19872       0
       0    3538       0

Phi resolution with P
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Theta resolution with P
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DPhi vs Phi
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ee++ee-- --> t> ttt --> 6 jets> 6 jets

Pt (GeV/c)
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ee++ee-- --> t> ttt --> 6 jets> 6 jets

, radθ
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Pulls (full digitization)Pulls (full digitization)
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ee++ee-- --> t> ttt --> 6 jets > 6 jets 
Summary of PerformanceSummary of Performance

�� Tracking efficiency: Tracking efficiency: 
εreco >  90 %    above  100 MeV 
εreco = 99.7 % above  1.5 Gev

�� TPC + VXD resolution (gaussian smearing): TPC + VXD resolution (gaussian smearing): 
�� σσ(1/p(1/ptt) ) = = 6.5 106.5 10--4 4 (5.0 10(5.0 10--44 in barrel)in barrel)

�� σσ(d) (d) = = 14 14 µµm (12 m (12 µµm in barrel)m in barrel)

�� σσ(z) (z) = = 16 16 µµm (13 m (13 µµm in barrel)m in barrel)

�� Totally dominated by MSTotally dominated by MS
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ee++ee-- --> t> ttt --> 6 jets with DCH> 6 jets with DCH
�� Hits per cell vs layerHits per cell vs layer

Loopers
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ee++ee-- --> t> ttt --> 6 jets with DCH> 6 jets with DCH
�� Occupancy vs layerOccupancy vs layer
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Marcel Vos’s
Talk

Orsay2007
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Beam Pair Background StudyBeam Pair Background Study

�� Interface to GuineaInterface to Guinea--Pig output added to Pig output added to 
ILCrootILCroot

�� Tested with current SA VXD tracker and Tested with current SA VXD tracker and 
generic accelerator parametersgeneric accelerator parameters

�� Full VXD DigitizationFull VXD Digitization
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Acc.datAcc.dat

�� $ACCELERATOR:: NLC$ACCELERATOR:: NLC--BB--500500
�� { energy    = 245.  ;{ energy    = 245.  ;
�� particles = 0.95 ;particles = 0.95 ;
�� emitt_xemitt_x = 4.5 ;= 4.5 ;
�� emitt_yemitt_y = 0.1 ;= 0.1 ;
�� beta_xbeta_x = 12. ;= 12. ;
�� beta_ybeta_y = 0.12 ;= 0.12 ;
�� sigma_zsigma_z = 120. ;= 120. ;
�� dist_zdist_z = 0  ;= 0  ;
�� espreadespread = 0.003 ;    = 0.003 ;    
�� which_espreadwhich_espread = 0;  = 0;  
�� offset_xoffset_x = 0   ;= 0   ;
�� offset_yoffset_y = 0.   ;= 0.   ;
�� waist_xwaist_x = 0 ;= 0 ;
�� waist_ywaist_y = 0 ;= 0 ;
�� angle_xangle_x = 0 ;= 0 ;
�� angle_yangle_y = 0 ;= 0 ;
�� angle_phiangle_phi = 0 ;= 0 ;
�� trav_focustrav_focus = 0 ;= 0 ;
�� charge_signcharge_sign = = --1;1;
�� }}
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ResultsResults

�� More than 30000 hits/More than 30000 hits/evtevt

�� Average of 18 reconstructed particles (8 in Average of 18 reconstructed particles (8 in 
TPC)TPC)

�� Will merge Will merge SDigitSDigit from Signal and from Signal and 
Background to evaluate the overall effectBackground to evaluate the overall effect
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WhatWhat’’s Nexts Next

�� Some of the studies are being repeated Some of the studies are being repeated 
with updated simulations of the detectorwith updated simulations of the detector

�� Events are in production on several farms Events are in production on several farms 
on the GRIDon the GRID

�� Fluka takes up to 6 hours to generate one Fluka takes up to 6 hours to generate one 
eventevent

�� Studies are targeted for LCWS07Studies are targeted for LCWS07
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Events in ProductionEvents in Production

�� e+ee+e-- --> q> qqq at several angles and energiesat several angles and energies
�� ee++ee-- --> H> HooZZoo --> b> bbbqqqq
�� ee++ee-- --> H> HooHHooZZoo --> 6 jets> 6 jets

�� Goal is to estimate the performance of the calorimeter Goal is to estimate the performance of the calorimeter 
and for tuning the jet reconstruction algorithmand for tuning the jet reconstruction algorithm

�� Fluka for hit generationFluka for hit generation

�� ee++ee-- --> H> HooHHooZZoo --> 4 jets > 4 jets µµ++µµ--

�� Goal is to estimate the muon reconstruction efficiency Goal is to estimate the muon reconstruction efficiency 
in the midst of a jetin the midst of a jet

�� G3/G4 for hit generationG3/G4 for hit generation



May  4th, 2007May  4th, 2007 Orsay 2007 Orsay 2007 -- C. GattoC. Gatto 3131

ττ polarization studiespolarization studies

�� ee++ee-- --> H> HooZZoo --> > ττ++ττ-- XX

�� Encouraged by F. RichardEncouraged by F. Richard

�� Intend to study the Intend to study the ττ polarizationpolarization

�� Goal is to test the performance of the Goal is to test the performance of the 
calorimeter + trackingcalorimeter + tracking

�� Will start event production after the ECAL Will start event production after the ECAL 
is readyis ready
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The Event Generator SagaThe Event Generator Saga
�� PandoraPandora--Pythia has been used for most of the analysesPythia has been used for most of the analyses
�� It appears to have scarce supportIt appears to have scarce support
�� Pythia8 is optimized for hadronic collisionsPythia8 is optimized for hadronic collisions
�� Pythia6 is OK, but need to be adapted to  a particular Pythia6 is OK, but need to be adapted to  a particular 

beam configurationbeam configuration
�� Whizard OK but:Whizard OK but:

�� Not straightforward to useNot straightforward to use
�� Need to purchase a fortan compilerNeed to purchase a fortan compiler

�� Sherpa is promisingSherpa is promising
�� Very easy to useVery easy to use
�� Good support by Darham groupGood support by Darham group
�� Beamstrhalung will be inserted soonBeamstrhalung will be inserted soon

�� GuineaGuinea--Pig OKPig OK
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�� Most of the 4th Concept software group (still) busy Most of the 4th Concept software group (still) busy 
on detector simulation:on detector simulation:
�� DCH and DCH and SiSi Central TrackerCentral Tracker

�� FTDFTD

�� ECAL ECAL 

�� Limited effort on Physics analyses and other (i.e. Limited effort on Physics analyses and other (i.e. 
LCIO compatibility)LCIO compatibility)

�� New results are expected for LWCS07New results are expected for LWCS07

ConclusionsConclusions


