Summary of Session 2

Christian Kiesling
Max-Planck-Institut fur Physik

O A total of 27 talks were presented
O Thanks to the speakers for delivering high quality presentations

O Apologies for not being able to mention all due to time constraints



Session 2: Data Analysis — Algorithms & Tools

Analysis Frames 3 talks:
(common Session 1 & 2)

Mathematical Methods 6 talks:

Analysis Methods 3 talks:
Simulation 3 talks:
Tracking 4 talks:
Reconstruction 4 talks:
Neural Networks 4 talks:

René Brun, Valeri Tioukov, Jens Zimmermann

Florent de Dinechin, Vladislav Matouchek,
Miroslav Morhac, Wolfgang Rolke,
Jens Zimmermann, Victor Zlokazov

Mostafa Mjahed, Are Strandlie, Andre van Hameren

Frank Gaede, Daniel Pomarede, Andreas Schaelicke

Sergey Gorbunov, Takanori Kohno,Thomas Speer;
Are Strandlie

Paulo Vitor Magacho da Silva, Jose Seixas,
Sergey Gorbunov

Aatos Heikkinen, Ulrich Kerzel, Mostafa Mjahed,
Andrea Piccione

C. Kiesling, MPI f. Physik, ACAT 2005 Workshop, Zeuthen, May 23-27



René Brun:
Bitmap Indices for Fast End-User Physics Analysis in ROOT

Bitmap indices are efficient data structures for accelerating multi-dimensional queries

Supported by most commercial database management systems and data warehouses

o)

7a(R) E° E® E'" E® E5 E* E® E? E! E° R® R R® RS R?Y R% R B
1 3 0 0 0 0 0 0 1 0 0 0 1 1 1 1 1 110 0 0
2 2 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 1 0 0
3 1 0 0 0 0 0 0 0 0 1 0 1 i 1 1 1 1 1 1 0
4 2 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 1 0 0
5 0 1 0 0 0 0 0 0 0 1 0 0 0
6 ‘ 0O 0 0 0 0 0 O ‘ 0 0 0 0
7 9 1 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1
9 7 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 (0 0 o0
10 5 0 0 0 0 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0
11 6 o o0 o 1 0o 0O O O 0 O 1 1 1 0 ol\o/0 0 o0
12 4 0 0 0 0 0 1 0 0 0 0 1 1 1 1 1 0 0 0 0

(a) ' (b) () U
list of attributes equality encoding range encoding

(here: a <= 3)
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R. Brun

Query Performance - Approximate Answers (Error 0.1- 1%)

10-Dimensional Queries

—e— TTreeFormula —s— BMI-EE BMI-RE

Time [sec]
— N N w
(&)} o (63} o

RN
(@)

0
0.00001 0.0001 0.001 0.01 0.1 1

Query box

Performance improvement of bitmap indices over TTreeFormula up to a factor of 30.
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Valeri Tioukov:

FEDRA — Framework for Emulsion Data Reconstruction and Analysis

Primary goal of OPERA:

T decay “kink”
Detector resolution
“b‘m“ - must be O(1 mm)

OPERA emulsion target

Based on the concept of the
Emulsion Cloud Chamber ( )

Solves the problem of compatibility of large
mass for neutrino interactions + high space
resolution in a completely scheme

Definitely on-line
! q Images Clusters

Rec;;gi)c(r 1, Degnlltely
Event <::1 <:I off-line
avallable

Analysis

Reconstructed Reconstructed Reconstr ucteu
long tracks basetracks microtracks




Valeri Tioukov

Basic FEDRA modules

libraries of C++ classes based on ROOT structures

Neutrino vertexes with background
fast simulation with EMC to test vertex finding and fitting
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High level emulsion data order GeV/event
Analysis & visualization in C++ (ROOT framework)

System used for test-beams & simulation
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V. Matousek and M. Morhac: Efficient Algorithms of
Multidimensional y Ray Sprectra Compression/Deconvolution

put data ittt nas) - Extraction of the correct physics from
experimental spectra:

BooD _|

&000 |

O limited resolution: overlapping signals
RENE deconvolution and decomposition

4000 |

O remove smearing effects using known

2000 |

i resolution function
L LI SN NS SN AN LN
o]
Data compressed, o ]
e.g., with Walsh transform ]
120000 ;
proposed new high-resolution peak  ww _
searching algorithm based on o
Gold deconvolution for one- and o _|
two-dimensional spectra. wn JJ
20000 _|
C. Kiesling, MPI f. Physik, ACAT 2005 Workshop, Zeuthen, May 23-27 B I—j o e oo '120——'1—4; o Tgo 2o leeo Tedn

Channels



Wolfgang Rolke:
Setting Limits in the Presence of Nuisance Parameters

How do we set limits on a signal rate ?

12
L

12

Generally: T in signal region
y £ Ay in sidebands (background)

e + Ae (signal efficiency) N /

Problem already solved in MINUIT -

0

Profila Likelihaad

T
-2 ] 2
Signal Rets

BUT: 2
What if observed rate is below expected
background ?

—> Profile Likelihood

Frofile Likslihood
4

12

Method implemented as ROOT class

G 10
I i
o R

Sigral Rata
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Florent de Dinechin:
High Precision numerical Accuracy in Physics Research

Floating
00 Branch Paint Pipeline
Double Precision not enough? Unit . Unt . Contol _IntegerUnit
o — s ntegjer
EIA‘.H i oritL L oAl 1 Register
15 - — = File
Add more than 10" numbers .... N T
Sl : Unit
Advanced [E il Clock
Load
r L] =
0 '... Address 0 15KB L][J‘
® rﬂblE 'Cdthl:‘
)
e Hardware D’“",
® Page i Translation
: Lookaside
el Buffer
L ]
L ]

256KB12 Cache  Buslogic = 3MBL3 Cache L3Tags

and Contral

[tanium 2

Implement Quad Precision in Software ?
Yes! More flexible (still double OK for most calculations)
BUT: feasible also for very large codes ?
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Frank Gaede:
Simulation and Reconstruction Software for the ILC

- Lbe - : -
SiD oL three interregional

detector concept
studies ongoing

WW-ZZ separation

LJ

[ Muie Traske
I EM Calorimeter

[ F Catorimeter (1 Ratnis)
T Cryoswst
I Tron ¥oke / Misos System
"small” “large” "huge"
~*7—{ Particle Flow
Need common Simulation and Reconstruction * reconstruct all single particles
software to study detector concepts' performance ! * use tracker for charged particles

¢ use Ecal for photons
* use Hcal for neutral hadrons
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Need software tools to improve clustering & pflow: B
» detailed hadronic shower simulation (Geant4)
* framework for developing and comparing
pflow algorithms

A Common Software Framework for the ILC ?

Frank Gaede

Description
Simdet fast Monte Carlo
SGV fast Monte Carlo
Lelaps fast Monte Carlo
Mokka full simulation — Geant4
Brahms-Sim | Geant3 - full simulation
SLIC full simulation — Geant4
LCDG4 full simulation — Geant4
Jupiter full simulation — Geant4
reconstruction framewaork
Brahms-Reco Wil
reconstruction and analysis
application framework
hep.lcd reconstruction framework
or g.l csim reconstruction framework

{under development)

Jupiter-Satelite

reconstruction and analysis

qacco >

Conditions Data Toolkit

Clo Persistency and datamodel
ModularAnalysis & Reconslruction for the L I Near Collider JAS3/WIRED |Analysis Tool / Event Display
Holy grail: have an internationally used common
software framework for the ILC that is used to
support R&D and the detector concept studies !

C. Kiesling, MPI f. Physik, ACAT 2005 Workshop, Zeuthen, May 23-27
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Andreas Schalicke: Monte Carlo based studies of polarized
positrons source for the International Linear Collider (ILC)

Electron Source Photon
Collimator Target
| | Pre-accelerator Capture _
Pre-accelerator Daé?ﬁéng
Damping Ring
: Undulator
Linac

E
/ > < Beam DEHVEV \
Period ~14mm Interaction '-

. Point Bunch
Field ~0.8T (Spin Flipper)  Compressor
Length
Aperture

—p  Stokes formalism
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Some results from the new simulation (Compton Scattering): Andreas Schalicke

L1
£10° |- Polarized:
a F Geant4 _
_ — Pe'+1
B D Py:+]_
10°
- - P=-1
L e
T .IJ . TRt ) '
A Unpolarized:
10 —. Ps0
C — P=0
| | I L1l I L1l I L1l I L1l I L1l I L1l I L1l I L1l

-1 -08 -06 -04 -02 -0 02 04 06 08 1

coso
—p Next steps:

compare with EGS4, experimental results (E166)
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Takanori Kohno:
Alignment of the ZEUS MVD with Comic Rays

determine:

o relative position of ladders

o absolute position in ZEUS

Goal:
alignment precision < 10 ym

Jadders®

Cosmics:
only useful for
barrel

C. Kiesling, MPI f. Physik, ACAT 2005 Workshop, Zeuthen, May 23-27 14



Effect of alignment procedure on residuals:
(local x2 minimation with linear approximation)
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1 I R T
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200

Eesidual (pm)

Takanori Kohno

Before internal alignment

* Residual centered

® /1 « Width became narrow

=

=62 (o)

After internal alignment

o, =47 um
0,; =62 um

Residual offset < 10 um
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Thomas Speer: Track Reconstrucion in the CMS Detector

Outer Barrel (TOB): 6 layers E“dggl} (T,Ef:}: 9 disks pairs
 Thiek (5 : - r<60cm: Thin sensors e
Ehmﬁkslf?ﬂ jim) sensors - r>60cm: Thick sensors L4 | All Tracker .
- Long Strips T
12| = Pixel
Bl Rz LIE ) [ 5] LUl ] [ &) ol (LA i 1l 12 1 14 13 [I'IllE].'ﬁEi“tﬂl‘l
177/, 047 7 7~ :
z view - 17
130 - s 3‘.’“‘3
110 S a-r"__f____ i 2
— || ‘I | |I 1| || || ‘I 1| e
: EEEmESi 1 e U e el S
“ T B8 R BA L i - "
e e T R R T e e ; .
0 et S b 05 1 15 2 25
g s sy a4 . rv]
S N U R IR Material budget of the tracker
Inner Disks (TID): 3 disks pairs
Inner Barrel (TIB): 4 layers - Thin sensors
- Thin (320 pm)sensors S
- Short Strips muons, p_= 1, 10, 100 GeV/e pions, p_= 10 GeV/e
L £
. . . B = o B
—> Combinatorial Kalman Filter ! 2SN I o e SO i
2 5 . P T .
(equivalent to least squares fit) LR

(X ]

efficient even for non-Gaussian errors
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Alternative Filter Methods:

The Gaussian-sum Filter

Thomas Speer

(non-linear generalization of KF)

c o " £ F .
2 aof Residuals 2100 Pull quantities
® [ Ful simulation - 2 F GSF
% asof m=t0ceu GSF B yamf el Mesn: 012
F [ COF,mixte QiRE) = 0.082 I COF, mixture i
soof- 12 companents A5 = 0832 1200 :_ 12 components
250 1000
200 ook
150 anof-
E KF - KF
100 - QEB) = 0.118 aaf-
E = L Mean: .06
E QEF) =0.522 E AM5:1:25
S0F o
F

c-llI'.ﬂ 04 02 o 02 0.4 0.4 -8 -4 -2 [e] 2

I 4
apip Algipd i olap)

can improve core of distributions,
little improvement in tails ( » first layer radiation)

1a0d
1400
1200
1000
800
600
400
200

Adaptive Filters:
o Deterministic Annealing Filter (DAF)

o  Multi-track fit (MTF)

400
350
300
250
200
150

Benchmark: H — 77 M(H) = 500 GeV '

—p |[mprovement in high track density

-=p both need hit collection and track seeds

C. Kiesling, MPI f. Physik, ACAT 2005 Workshop, Zeuthen, May 23-27

non-Gaussian tails in
hit residuals
(multiple Coulomb scat.)
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Sergey Gorbunov: Analytical Formula for
Track Extrapolation in an Inhomogeneous Magnetic Field

B( zo+2)12

20 (z0+2)/2 z

B(Z) Real track (theoretically)
rack guess (practically)

3" order analytical formula
(same accuracy as 4™ order Runge-Kutta)

Bx, kG

I S N R -
T T T T T TTTT TT

Bz, kG

0.3
0.2F

0.1 |

o
-0.1 f \/—'

Co 1 | L Ly L | . - T - | I
0 20 40 60 80 100 120 140 160
z, cMm
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Are Strandlie: Modeling non-Gaussian Tails of Multiple
Coulomb Scattering in Track Fitting with GS-Filter

10 .

(a) Silicon, ctfxﬂ=2.8‘?a£.

QaF

06

04

0zt

TR 8 4 Rf @ 02 94 00 08 1 -15 10 -5 0 5 10 15

A Il \

Treatment of non-Gaussian tails implemented in simple detector geometry
Standard method: Kalman Filter

Gaussian Sum Filter slightly more precise than KF

C. Kiesling, MPI f. Physik, ACAT 2005 Workshop, Zeuthen, May 23-27 19



Are Strandlie: Adaptive Filters for Track Finding

Example: ATLAS tracker

Fl|teI’S StUdled MNoise density [hits permmz] o Average number of components
. . . =— Scenario T I I I s
O Combinatorial Kalman Filter 1 _ o
(,standard filter” with seeds) 0 2
© Competition with hard/soft e — r——
. Layer 10 Eaner 30 40
aSSIg n ment ’ f-\l.verage fralciion of frue hits Average fraction of noise hits
O Gaussian Sum Filter 05 \"':‘3-'\{':‘;‘-’-:% A |
LT i | IS
0.9 e R e
025 R \/\QX““V\ ' = T
O Deterministic Annealing Filter  o: BSNAS ool
075 1 IIJ 2ID BIG 4IEI a 1 If.:I 2IG 3IU 4ID
Layer Layer
) MNoise density [hits per mmz]
e Method CKF [ CHA [ CSA [ GSF | DAF
| sees Avg. true hits | 37.4| 39.1]39.4|39.1( 38.0
Y A i Avg. noise hits | 2.23 | 2.36 | 2.39 [ 2.35 | 2.04
- Avg. missg hits | 3.40 | 1.56 | 1.25| 1.56 | 2.97
N Efficiency 097 099 1.00]|099| 1.00
0k .1 | Time per seed! | 1.00| 1.10 1.18 | 0.33 | 0.06
1 | Fake rate 0.01] 0.03|054(0.03(0.02
L | | | | | Time per seed® | 0.14 | 0.16 [ 0.64 | 0.08 | 0.06
o Scenario T
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Jens Zimmermann: Statistical Learning Methods

D Pileup vs. Reconstruction of the
1] Single photon incident position with |,
: S subpixel resolution

Gamma vs Reconstruction
Myon vs. of the primary
Hadron event photon energy %
XEUS — Photon recognition MAGIC - E[GeV] XEUS — x[um]
- photons| 4T '
> M- s A=XoutXirue
3 - 2 vyalidation :
60— £ o E | ‘ |
pileups o E T o HH
S 205
I af
20— E
E signal efficiency '40;‘ A=Eout'Etrue
0 output 1 % 20w e s 10 -500_‘1:1 20 W0 @ 70 8 0 0 o s 0 T B0
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Classification, Regression Jens Zimmermann

Decision Trees o Local Density Estimators
(*)
X \)‘6 9
&’6 " o X ‘ \00 86 o)
oS A
9 N o
P~\’ N@ )
@ K N\?’*
O O
Linear Separation o Meta Learning Strategies
((\
" o
NS
?\ \06Q®
%\)

| implemented in unified system |
22
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Systematic Uncertainties: Comparison of the

Performance of Statistical Learning Methods

Jens Zimmermann

background rejection [%]

NN: 96.5% vs. SVM: 95.7%

Statistically significant?

Build 95% confidence interval!

[ — 20, p+ 20,

c, is the variation over
different parts of the test set

n

3

4 5) 6

7

9 10 11 12 13 14

15 |

2.39

264 | 281|294

3.04

3.14

3.20 | 3.26 | 3.32 | 3.37 | 3.41 | 3.45 3.49‘

Neural Network

96.5%

Ll .

2]
o
IIEIIIII

A =0.7% + 0.9%

Support Vector Machine

95.7%

A=33%=+ 1.5% ()

Linear Discriminant Analysis

92.5%

A=22%=+ 21% ()

Naive Bayes

90.5%

i

A=68% =+ 2.5% ()

~
~©
o
"'\]
o

signal efficiency [%]
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Cuts

83.6%

efficiencies for fixed rejection of 80%
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Ulrich Kerzel: The NeuroBayes Neural Network Package

Outputs (,probabilities®)

722 A RIS SN Input: ,intelligent* variables,
. N BH B e.g. jet variables
CDF Run Il Monte Carlo
2 —bJetNet
L T
Inputs = T .
. Q r o ---- IP jet prob
(preprocessing) o8l \\
- \\ \\
0.6 IN N
: . N
O Bayesian regularization i N AN
. . 0.4 N \
O Simple networks, small weights § S~ \
O Remove non-significant nodes 0.2r
during training i
% 0170203 0405 06 07 08 09 1

C. Kiesling, MPI f. Physik, ACAT 2005 Workshop, Zeuthen, May 23-27
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Ulrich Kerzel

wo F B ENERGY R Best existing

o creni . “classical” estimator Recent
:i ; OPTIM B Vecor real world
- application

an |

Relative resolution

E-cosolution (btt-bpbp far herri | B hadron energy
in DELPHI at LEP I
at 202 GeV energy

NeuroBayes
median estimator

- B ENERGY RESOLITION

o0 L 202 GeW
runring mode was LEPISAT]

L BAYES B ¥ecror . .
# 5 (completely inclusive)
D -
Bt £ core resolution
ok 40% —> 10%
¢ .-Ill = -l'.‘ll’l‘S = I-IZ:.SI -ﬂ.l‘}jl e ul S ;:l.ﬁl . ICI.SI = IDTSI — 1

e Spin-off: commercial applications
Company founded:
medicine, insurances, banks, ...
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Sergey Gorbunov:
Elastic Neural Net for Standalone Rich Ring Finding

— collective selforganization networks (unsupervised learning + neighbor relations)

1 2 3
. 4 5 6
travelling salesman problem L
CBM-experiment (GSI) Few iterations |-
necessary to T

standalone 10 o1l 12

simple TN

efficient (92 %) [ ..

Fast (1ms) N4 .

C. Kiesling, MPI f. Physik, ACAT 2005 Workshop, Zeuthen, May 23-27 26



Aatos Heikkinen: Tagging b Jets Associated with Heavy
Neurtral MSSM Higgs Bosons

/4 Standard method vs neural approach
ii" ' to solve pattern recognition problem:

find Higgs candidates in QCD
background environment

use available packages:
ROOT, NeuNet (MLP's)
SOM-PAK, LVQ-PAK

100 Hbb—1tbb—llbb
g I Learn:20k
= [ validate:20k - MLP
1 oof signal ttsbbet-bbl
S [ BackgrZy*tjotuj-lli o NeuNet with one hidden layer|
% 80/
Q2 ¢
£ 700 7-15-10-1
=3 £ 7-10-10-1
10000 ::ﬂn :m IL:"::? % Goj 7-5-5-1
= [
—
5000 5 sol
R
= 0O
4000 F . .
mm Counting algorithms
2000 P
I [ 7-10-10-1
o - N
0 005 01 015 02 025 03 035 04 & [ .\A{_
07\\||‘|\|I|\I\I‘I\\I‘I\I\lll\llll\l
0 5 10 15 20 25 30 35
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Jose M de Seixas: A Segmented Principal Component
Analysis Applied to Calorimetry Information at ATLAS

Interaction rate
~1 GHz CALO MUON TRACKING
Bl.:gfeht'c(;'ﬁ‘ﬁf_{ng ID services+cables scintillator
y Pipeline superconducting
1I'-FEI\(§3LE 3 memories solenoid coll Al cryostat
- Al cryostat walls
< 75(100) kHz wa?m wall Warm  cold
Derandomizers - =
i Readout drivers irl + [ F —- —— —
Regions of Interest | | | | (RODY) ) o - S—— 5 =
BARREL ENDCAP
LEVEL 2 Readout buffers Pb(1.5mm) -~ Pb(1.tmm)
TRIGGER (ROBs) 2140emX0 - 2.650miX0 - B
~ 1 kHz T . —F , — :
I Event builder I % “ ML J'P‘D'C‘Tmm\
=1m 2 : =t e | e o
Full-event buffers ' 5 vl g P E S R
EVENTFILTER b and o [||B32[T | i\"’ SE T T \?I'LEE’E.L
~ 100 Hz processor sub-farms o] Lk
Tk INNER
HNER TECTOR e ph22mm) ||
z i A N
Data recording i L T g n
s EELE | —t
NP 125 1
P : : Principal T | 2 2
repro_cessmg o component 1
neural inputs: extraction ) 3 |::>
< 24
5 x 5 Rol 25
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Had. Section José M. Seixas
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C. Kiesling, MPI f. Physik, ACAT 2005 Workshop, Zeuthen, May 23-27



Paulo Vitor Magacho da Silva: Energy Reconstruction for a
Hadronic Calorimeter Using Neural Networks

Energy Resolution
1IN Network with
[ i 2 hidden layers
| S
/ i
/ { . \
o o
NNoutput, —=6.0% Raw data, —=6.7%
7 7

2.2
1.3
0.42
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Andrea Piccione: Neural Networks Approach to Parton
Distribution Fitting

» [ he cross section
do B Amra?

ded@? Q*

{[1 +(1—y) 1A + 1% (F2— QXFL)J

Jos

» The structure function (QCD + parton model) E’\ T

LN N

ng
2 2 g . 2 . 2
Fa(x, Q7) = x [Z e3C? ® qq(x, Q) +2ns C* @ g(x, Q ] U@) \
g=1

Traditional method: polynomial ansatz for parton distribution functions at some low QO
2q(7,Q,) = Az”(1— 2)° [L+ Dz + Ex]

Neural approach: functional form ,chosen® by data
inputs: x,QZ,ln x,1n Q2 » Architecture: 4-5-3-1

output: F5(, QQ) Train net with data set (replicas)

C. Kiesling, MPI f. Physik, ACAT 2005 Workshop, Zeuthen, May 23-27

31



F; (x, @)
A O*=10 GeW?
=1 I smcas
E [CINNPDFO2
. Data

Fixed (Q°

AN
k\
1
1.651
16
T o .
155 * g L;;jci %‘i %‘;
: PR M,
15—
- [0.26<x<0.20
E NMC
145 | = BCDMS
E ® NNPDF02
L 1 1 L L 1 1 l 1 1 L L 1 L 1 1
by 10 10°

QZ

C. Kiesling, MPI f. Physik, ACAT 2005 Workshop, Zeuthen, May 23-27

Andrea Piccione

1.5

0.3

Q=10 GeV?
B smcoz
[ InnPoFos
Fixed Target datal
# HERAdala

10

10°®

10 10 102 10" 1

0.2

0.15

0.1

0.05

-0.05

\

I CTEQS.1
I MRsTOZ
[ INNPOF

Full DGLAP evolutiont
from starting scale

0.1

10"

32



Conclusions

O Session 2 was quite lively, good attendance

O Good workshop atmosphere

O In general high quality talks,
showing originality in the spirit of the workshop

O Contributions of non-statistical and statistical (neural) algorithms
in balance

O Personal opinion (maybe also shared by others):

More time discussions (,workshop®)

O Looking forward for the next workshop !

C. Kiesling, MPI f. Physik, ACAT 2005 Workshop, Zeuthen, May 23-27
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