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Content

« Introduction : Future Linear Collider and Particle Flow

+ Machine learning as tool for PF Alhorithms improvement
« Hadronic Interaction in Geant4

« Trivial classification of interactions
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Introduction
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ECAL Prototype

Bl Structure 1.4 * Precise study of SM parameters and beyond.
5 1.4mm of W plates) . .
' oy * Requires excellent energy resolution to separate

multiple jet events.

e

Structure 4.0
(3x1.4mm of W plates)

« 30 layers sandwich structure (Si — active, W- absorber materials)

- Total depth—24 X, or 1 A

ACTIVE ZONE
(18%18 cm?)

* Followed by HCAL with 48 longitudinal samples

6x6 pa(iOXlE) mmi)
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Particle Flow
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Particle Flow

Energy resolution = Software + Hardware
Confusion term Calorimeter resolution
~ 290 ~ 2%
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Energy resolution

i) Photons

. .-'..:g'—ﬁb‘ .
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Particle Flow

Software + Hardware

4 4

Confusion term Calorimeter resolution
~ 2% ~ 2%

iif) Neutral Hadrons ili) Fragments

Failure to resolve photon

'.”": CALI@
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Reconstruct fragment as
separate neutral hadron

Failure to resolve
neutral hadron
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Energy resolution

i) Photons

. .-'..:g'—ﬁb‘ .
“‘@ 4.
\

Failure to resolve photon

Particle Flow

= Software + Hardware
Confusion term Calorimeter resolution
~ 2% ~ 2%
iif) Neutral Hadrons ili) Fragments
il .ﬁi‘“ .
e [ o3
k.
Failure to resolve Reconstruct fragment as
neutral hadron separate neutral hadron

/

«» Contribution to resolution

Mgy Exey [%]

> Low energy jets: RESOLUTION — 2
» High energy jets: CONFUSION_—
1

PandoraPFA performance

~=- Reschition = Leakage |
* Confusion : o/ E; = 4% (45_Gev)
El '
'/ IR Our goal — remove confusion term

from M. Thomson,”Particle Flow Calorimetry”, (i}
Mainz, February 2013
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Supervised and Semi-Supervised Machine Learning

Machine learning concept The goal of supervised learning is to infer a function ¢ : A — ) from a data set

Learning Trained D=1{(x1,y1),--, Xn,¥u)} € (X x Y)"
algorithm machine

Answer

‘The quality of ¢ on an

arbitrary pair (x,¥) € X x ) is measured by an error or loss function L(g{xy})
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Supervised and Semi-Supervised Machine Learning

Machine learning concept The goal of supervised learning is to infer a function g : X — ) from a data set

Learning Trained D= {(x1,y1),---, (X, ¥n) } € (X x Y)"
algorithm machine
IFL
‘ L ,;\‘vﬂ
;N s ‘ Answer :
™ ‘The quality of ¢ on an

, arbitrary pair (x,y) € X x ) is measured by an error or loss function L {g,{x,i{})

Query

9720 pixels

Raw Data
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Supervised and Semi-Supervised Machine Learning

Machine learning concept The goal of supervised learning is to infer a function g : X — ) from a data set

Learning Trained D= {(xu,y1)..., )} € (X x V)"
algorithm machine

Answer

‘The quality of ¢ on an

arbitrary pair (x,¥) € X x ) is measured by an error or loss function L(g, {x,i;})

9720 pixels

(2 @) (2] {X)

3 (»)(0)

Raw Data
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Supervised and Semi-Supervised Machine Learning

Machine learning concept
Learning Trained
algorithm machine

9720 pixels

Raw Data
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The goal of supervised learning is to infer a function ¢ : A — ) from a data set

D= {(x,y1),--, (Xn,Yu) } € (X x Y)"

Answer

‘The quality of ¢ on an

arbitrary pair (x,¥) € X x ) is measured by an error or loss function L(g, {x,i;})
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9720™= 100-500 filters

R

D={(x,51)..., (Xn ) }

Labels (from Geant4 Simulation)
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Test-Beam Events Interaction Classification
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Performance of ECAL physical

ORI 1P prototype

y direction (pad number)

TEEE 1 “Elastic”
3  Pions with energy 2-10 GeV

I “FireBall”

y direction (pad number)
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412

11 “Point-like”

L1 11 L1l Illh|||-
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&n
x directon (pad number)

i)

=10

z diracton (layer numbar)
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Geant4(simulation toolkit) Set-Up

Events

Hadronic processes for pions in Geant4 —
P P > 7T  10GeV

10*

» QGSP_BERT physics list

10°

v’ quark-gluon string model
of protons, neutrons,
kaons and nuclei

v Bertini cascade +
parameterized model for
low energy

10°

10

PionMinusInelastic hloni hadElastic hPairProd hBrems

process »Full Detector geometry
simulation (Mokka software)
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Geant4 Set-Up
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Geant4 Set-Up
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Geant4 Set-Up

Evaporation and

fission gamma de-
exitaion

Pre- Nucleus
equilibrium explosion
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Geant4 Set-Up

Evaporation and

fission gamma de-
exitaion

Pre- Nucleus
equilibrium explosion
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Geant4 Set-Up

-

Pre- Nucleus
equilibrium explosion

Evaporation and

fission gamma de-
exitaion
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16— Bertini Cascade
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Pair Production
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Events examples

16— Bertini Cascade
0 sec. above 1GeV
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Relations between labels

Number of secondary particles after intra-nuclear cascade

histiD 3

600 _ ............................................. ............................................. ............................................ ............................................. .......................................... Entries 491 5
: : : : Mean 14.83
RMS 6.053

500 —- L ............................................. ............................................. OO TR TT OIS EH OO OO

H Description

Events

400 .. FEAN . ............................................. ......................................
B De-exitation with gamma and(or) heavy nucleus

300 .11 —r ot B P ........................ Decay W|‘th0|_]‘t gamma and heavy nucleus

200 | W A T T T

100 b Pl L S SR B S S
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# of Secondaries
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Relations between labels

Number od secondary with E > 1 GeV distribution

Above Threshold _vs_Secondar
12 - -
?:.3 O Entries 4482
= — Mean x 1.965
= — Mean y 34.27
g 100— RMS x 0.9361
g B RMS y 32.77
# | :
80 e — ————— Ot S S SO T ST SRR SRPTPPRPP
60 I — T ............................. ............................. ..............................
40 = S PSPPSR
20 L I e i —
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# of Secondaries with Energy above 1 GeV
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Relations between labels

Number od secondary with E > 1 GeV distribution
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Above_Threshold_vs Secondar
Entries 4482
Mean x 1.965
Mean y 34.27
___________________________________________________________________________________________________________________________________________ RMS x 0.9361
RMS y 32.77

Bertinf Cascaéle with
_______________ i NEAVY DUCTRUS
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Relations between labels

Number od secondary with E > 1 GeV distribution

Above_Threshold_vs Secondar
Entries 4482
Mean x 1.965
Mean y 34.27
___________________________________________________________________________________________________________________________________________ RMS x 0.9361
RMS y 32.77

Bertinf Cascaéie with
_______________ i NEAVY DUCTRUS

2

5 6 7 8 9
# of Secondaries with Energy above 1 GeV

Parameterized model and Bertini Cascade

without heavy nucleus
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MultiBoost Performance

Lerner type — Tree Learner

BaselLearner — Single Stump Learner

Number of Leaves — 2

Number of iterations 100-300
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MultiBoost Performance

Lerner type — Tree Learner

BaselLearner — Single Stump Learner

Number of Leaves — 2

Number of iterations 100-300

Manual Features — different combinations of longitudinal

profile, energy per layer, radius per layer, Hough transform,
etc

—
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Test Error, %

45
40
35
30
25
20
15
10

MultiBoost Performance

Test Error for basic processes classification

.......................................................................................................................................................................................................................................

.......................................................................................................................................................................................................................................

.......................................................................................................................................................................................................................................

Inelastic

Mip vs Elastic ~ Mip vs Pair  Pair vs Inelastic Mip vs Inelastic  All 4 classes
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Train set

# of
events

3739

1760
3465
2788

935
440
867
698
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MultiBoost Performance

Test Error for advance inelastic Labels -

Test Error, %

60— Numberofh|ghenergysecondanes+ Bertini 6565 1633
- 5 : GALEP 7429 1866
55 R s E et
- SRS 6416 1602
- Nucleus
- e S
- : oGS | e 1897
- Number of secondaries + & Nucleus
45 L e e i
- FEEE WL e 1888
40 :_ __________________________ # sec. 20-40 2326 571
L # sec. 40-70 1182 316
35 [ GammaandNUC|eUSpresenCe
- + + #sec.70-100 1527 384
= ' ' #sec>100 1561 390
Bertini vs Parameterized model LTl #>1GeV. 0 576 153
#>1GeV. 1 4430 1169
#>1GeV. 2 5446 1316
#>1GeV. 3 2815 675
#>1GeV. >3 727 186

4 ‘ 5 ’p 2012/2013 Yaroslav Nikolaiko
/\.‘EIA(;?;’\EF.OIRE Ll ee’
| Calorimater for |

Pre-Thesis Internship




Conclusions & Outlook

Architecture of Geant4 Kernel was explored .

The basic labels which corresponds to hadronic physical processes for 10 GeV pions
was produces with QGSP_BERT geant4 physics list

More advanced investigation of pions Inelastic interactions with detector media was
studied.

Supervised learning set-up was tested for hadrons interaction classification and
produced benchmarks for further study with deep learning technique. The results is
satisfactory with basic classes(physical processes), however in advance inelastic
interaction classification results is not significant.

Further study will imply usage of deep deep learning for existing labels and creation of
new ones, more significant.

After interaction classification problem and precise tune of pipeline, semi-supervised
learning will be applied for the study of multiple events and optimization of existing PFA
with the aim to remove confusion term and improve jet energy resolution.
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Backup Slides

el1 refers to the one-error

N 1.0 1.0 .
I (f[r],I, ‘t’) = Erzil {y,-lffmrﬁl < l}} - EI[{ max f}:r'l[xf} > max f}r][xf}}.

£y p=0 Eaf; p=0

where N
ey (xi) = argmax f,,” (x;) (4)
-Fll
is the single label predicted by 'f).% If only one label is positive (single-label multi-class),

the error condition is equivalent to £ (x;) # £(x; ) where £(x;) is the correct single label of
x;. If more than one labels are positive (multi-label), it is sufficient for a good prediction if
the predicted label (4) is one of the positive labels.
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Backup Slides

| ADABOOST|D, BAsE(-,«), T)

1wl — (1/m,...,1/0) = inibial weights

2 fort— 1teT

3 HY — Bask I:T?,w'” :I t- base classifier

F o
"'I:I : L] Ly e = ' 1R ¥ ¥ a6 "
4 eV 4 E w; 1l {F.r (%) #+ ;.r,-} e welghted error of the base clas-
i=1
sifier
' 1 1 i.'“] , ) ,
3 Al — - In o e coefficient of the base classifier
Fa £ 1

i fori — 1 ton = re-weghiting He training points

7 if 1'% [x;} # y; then B EFTOr

H _1|_'_']:| '..'J:'-I I J » )

w, — o b= weight tnereases
9 else t= correct classification
10 ar:_."_“ — ﬁ t= weight decreases
. I o
11 return .f':" ) = Eﬂ'“-’ il t- wetghted “vote” of base classifiers
=1
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Error

Backup Slides
Mip vs inelastic

Results from training and testing with a Single Stump Learner

——  Train
— Test
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Error

Backup Slides
Mip vs Elastic

Results from training and testing with a Single Stump Learner
0.48 T T T T

——  Train
0.46 — Test |-

Vv '\J\/U

0.42 i

0.44

0.40

0.38

0.36

0.34

0.32

D'BDD 20 40 60 80 100

Steps
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