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• core software

• event generation / simulation

• backgrounds 

• detector models

• tracking

• PFA

• flavor tagging

• particle reconstruction
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core software
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Continued improvement in 
core software tools used by 
ILC & CLIC.

More realistic detector models.

Simulation & Reconstruction!

•  SLIC provides full detector simulation in Geant4 !
  - runtime detector description in XML!
  - stdhep input!
  - standard LCIO output"

•  org.lcsim reconstruction/analysis suite "
–  Java-based reconstruction & analysis framework"
–  full, ab initio signal digitization, track finding & fitting, 

calorimeter cluster finding and association (PFA)"
– LCIO provides access to global LC code base"

•  flavor-tagging via LCFI"
•  PFA via Pandora"

– AIDA histogramming and fitting"
– WIRED 3-D event display"
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F. Gaede N. Graf
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event generation
Task for DBD study 

!   

3 27 September 2011 Akiya Miyamoto, LCWS2011 

Introduction

Introduction

• 6 benchmark analysis:
• e

+
e
− → hν

e
νe,

• e
+

e
− → H

+
H
−, e

+
e
− → H

0
A,

• e
+

e
− → �qR�qR ,

• e
+

e
− → ���� (�= e,µ),

• e
+

e
− → �χ±

i �χ∓
j , e

+
e
− → �χ 0

i �χ 0

j ,
• e

+
e
− → tt (500 GeV).

• Plus all the backgrounds (Standard Model)

• 2 detector models

Number of events processed in the last 9 months: 17 ·106 ×3
processed.

3 / 29

Production Generation Simulation Reconstruction with Overlay

Reconstruction

As for the simulation: dedicated productions are created, automatically

using files produced by the simulation step.

Without Overlay:

15 / 29

Over 50 million events generated & 
reconstructed for CLIC CDR.

Test samples for DBD available.

S. Poss A. Miyamoto
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fast event simulation
Fast simulation

SGV: How it works

SGV is a machine to calculate covariance matrices

Tracking: Follow track-helix through

the detector, to find what layers are

hit by the particle.

From this, calculate cov. mat.

at perigee, including effects of

material, measurement errors

and extrapolation. NB: this is

exactly what Your track fit

does!

Smear perigee parameters

accordingly, with Choleski

decomposition (takes all

correlations into account)

Information on hit-pattern

accessible to analysis.

Co-ordinates of hits

accessible.
Mikael Berggren (DESY-HH) SGV 3.0 - a fast detector simulation LCWS, Granada, 2011 7 / 24

SGV: new fast event simulator based on covariance 
matrix calculation.

The need for fast simulation

The need for fast simulation

We have very good full simulation now.
So why bother about fast simulation ?
Answer:

R. Heuer yesterday: We need to update the physics case
continuously.
Light-weight: run anywhere, no need to read tons of manuals and
doxygen pages.
Anyhow, the LOI exercise showed that for physics, the fastSim
studies were good enough.

But most of all:

Fast simulation is Fast !

So...
Why do we need speed ?

Mikael Berggren (DESY-HH) SGV 3.0 - a fast detector simulation LCWS, Granada, 2011 3 / 24

M. Berggren
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Beam halo muon background at CLIC

muon halo (1/BX) muon halo (5/BX) 

!  Compare impact of 5/BX to 1/BX 
"   Beam halo background at level of 1 muon/BX is acceptable 
"   “Safety-margin” of 5/BX is not safe from point of view of physics 
"   PatRec could be improved but already quite sophisticated 
  
  

Mark Thomson LCWS 2011, Granada 13 

Impact on W Reconstruction 

!  From entire bunch train, 5 muons per BX  
      Average energy deposition (per bunch train: 

13.2 TeV 

Mark Thomson LCWS 2011, Granada 5 

!  Only hits in calorimeter readout windows: 
"  ECAL integrates over 10 ns 
"  HCAL endcap integrates over 10 ns 
"  HCAL barrel (Tungsten) integrates over 50 ns 

!  5 muons per BX in time with assumed calorimeter readout 

2.2 TeV 
Mark Thomson LCWS 2011, Granada 6 

In-time Energy Deposit 
!  Apply timing cuts to “offline” reconstructed clusters  

"  “Tight” PFO Selection 
"  Time cuts: require cluster within 1 - 2 ns of physics BX 

!  5 muons per BX in time with O(1-2 ns) time cuts 

420 GeV 
Mark Thomson LCWS 2011, Granada 7 

Offline timing cuts 

!  Implement algorithms in Particle Flow Reconstruction to remove  
       “clusters” consistent with being from beam halo muons 

"  Only uses shape information 
"  Algorithm is run deep down in reconstruction chain 
"  Quite sophisticated – approximation to realistic pattern  
     recognition  

30 GeV 
Mark Thomson LCWS 2011, Granada 8 

❸ Software Mitigation 

420 GeV 

Beam halo background of 1/BX is manageable.
5/BX degrades physics performance.  

M. Thomson
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Some results of simulation for CLIC  

!  On the left picture you can see time stamps (time of the threshold crossing 
by the signal) distribution for fastest in the cluster pixel. 

!  On the right plot shown the probability that time stamp of the fastest signal 
in the cluster falls within time window (expressed in number of CLIC BC 
intervals) for 18 ! and 10 ! epi layer thickness as function of pixel 
threshold. Pixel threshold depends on noise level and should be not less 
than 5 " of noise for digital readout and 3 " for analog readout.#

7 Nick Sinev, LCWS11, Granada, Spain, September 28, 2011 

vertex detectors

14 Nick Sinev, LCWS11, Granada, Spain, September 28, 2011 

Covariance matrix does not affect hit position. But, because I have 
added the position correction, which depends on the cluster shape, into 
the same tables, which I made for covariance matrix, I have used this 
corrections to improve accuracy of hit position finding. 

New PixSim drivers for CLIC.
Improvements in reconstruction.

FPCCD: good spatial resolution.
Si tracking based on mini-vectors.
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KalTest 

Kalman Filter fitting library 
(Keisuke Fuji et al) 
 
Based on Root 
Structured in sub-libraries 
•  geomlib  -- geometry 
•  kallib  -- Kalman filter 
•  kaltracklib  -- Kalman tracker 
•  utils   -- utilities  
Built into one libKalTest.so 
 

28 September 2011 Steve Aplin       ILD Tracking           LCWS 2011 

User needs to define their detector classes 
(KalDet) 
•  TVMeasLayer: meas. layer, coord. to track 
state transformation 
•  TVDetector: position of measurement layers 
and material properties 
• Since ALCPG treatment of bounded and 
rotated planes have been added to KalTest, 
by Daisuke Kamai.  

23 

S. AplinF. Gaede

!"
#$
%&
'
#(
)(
*&
+,
-
.
//
*&
'
"#
$#
)#
*&
.
(0
&1
2
34
5*
&1
5/
/

6

,780#9"#&:9(0&;

!"#$"%&#'()%*"$!"+&*%,-#.!%(/#0"#*1

<#:()&=$&"=8>?&@A@/5BCC&D"E9("E=$&F="&G*&)(79#@&HD*IDC*&9#$@&7#J<)#C

)E:#77=K&=L("7#0:&E$&M&

(H#J07(N
!&99<#"&(L($9&O&P55&'(Q

!&K="%:&$ED(7I
!&F(K&:(>J($9:&#"(
&$=9&J(">()

!&J=:9&=F&9?(:(&D8"7("
&:(>J($9:&K?("(&7=:9&E$&
&=7)&0#9"(D

Improved patrec for ILD tracking (clupatra).
Use Kalman filter library (KalTest).
ILD tracking without F77!

IMarlinTrack and IMarlinTrkSystem 

28 September 2011 Steve Aplin       ILD Tracking           LCWS 2011 17 

MarlinTrk 
 
 
 
 
 
 
 
 
 
 
 

LCIO  
& 

GEAR 

IMarlinTrkSystem 
 

Configure Geometry 
Register and Oversee  

Options 
Instantiate Tracks 

IMarlinTrack 
 

addhits 
fit 

propagate 
getIntersectionWith 

! 

SiliconTracking 

Clupatra 

! 

Tracking  
Lib A 

Tracking  
Lib B 

Math Lib 
X 

Fitting Lib 
" 

Fitting Lib 
ß 

Navigation 
Lib i 

Track Parameter Pull Distributions 

28 September 2011 Steve Aplin       ILD Tracking           LCWS 2011 30 

! ! ! !

R. Glattauer

Forward tracking based on cellular 
automaton, Kalman filter, neural 
network.
Standalone tracking to deal with 
beam-related background.9



PFA
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WZ Separation: Mass Distributions

W from e+e− →WW → µνqq

Z from e+e− → ZZ → ννqq
same reconstruction and analysis as for W.
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Mass distribution of the reconstructed W and Z for CLIC_ILD at
EW ,Z =500 GeV

A. Muennich PFA Performance at CLIC 12

A. Muennich
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flavor tagging

Light Higgs decays to bottom and 
charm 
!  Mean energy of Jets 130 GeV 
!  Using FastNN for training 
!  Additional track-based variables used in additional step 
!  b and c(!) tagging 

b-tag efficiency
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c-tag efficiency
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J. Strube
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On-going effort to improve flavor tagging.
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particle reconstruction

Results

Snapshot of current improvements: 20 GeV photon

hCosthResidual
Entries  7201
Mean   -0.0007822
RMS    0.3195

 / ndf 2!  512.1 / 38
Prob       0
Constant  6.5±   446 
Mean      0.003830± -0.001204 
Sigma     0.0028± 0.3221 
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 hpCosthResidual
Entries  7201
Mean   -0.001023
RMS    0.1951
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αθ = 0.5. Left: before correcting cos θ bias. Right: after correction.

Graham W. Wilson (University of Kansas) LCWS11 Granada: Sim./Det.Perf./Reco. September 29, 2011 14 / 17

G. Wilson

Shower fitting improves calorimeter measurements.
Constrained fits improve pi0, W/Z resolution.

29 Sep 2011Brian van Doren   LCWS11 8

Fitting Multiple !0 's
Results of procedure on 91.2 GeV Z0 -> q q-bar

(!0 contribution only, 95% energy in barrel, 
50 MeV minimum energy, no tracks)

Improvement in ": .182 ->  .128
(Using truth information)

B. van Doren
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  at 1 TeV 
Full energy /  (no ISR)
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T. Barklow
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• Tremendous amount of progress made 
(mostly) driven by

• CLIC CDR

• DBD for ILD & SiD

• Keep up the good work!
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