A PARAMETER STUDY TO REDUCE
GHOST TRACKS BASED ON THE
HOUGH TRACK FINDER

10.03.2020 | ANNA SCHOLL

Mitglied der Helmholtz-G i f E--Eh da ‘J JULICH




INTRODUCTION Parnda

HoughTrackFinder
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INTRODUCTION

HoughTrackFinder

Calculate all possible Tracks

for a pair of hits (two hits +
Interaction point)

Calculation is based on the
Apollonius problem

— can be extended to
secondaries

Fill the parameters in a
Hough space

Hits belonging to the same

track fill the same bin in the
Hough space
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FIRST TEST OF THE Parnda
HOUGH TRACK FINDER

« Data set (1000 events):
« Beam momentum: 7 GeV/c
« DPM background
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FIRST TEST OF THE Parnda
HOUGH TRACK FINDER

« Data set (1000 events):
« Beam momentum: 7 GeV/c
« DPM background

« Results for HoughTrackFinder:

« possible primary tracks: 85.2 %
« possible secondary tracks: [59.0 %
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FIRST TEST OF THE

HOUGH TRACK FINDER

« Data set (1000 events):
« Beam momentum: 7 GeV/c
« DPM background

« Results for HoughTrackFinder:

« possible primary tracks: 85.2 %
« possible secondary tracks: [59.0 %

Mitglied der Helmholtz-Gemeinschaft 10.03.2020

Efam -

Algorithm uses interaction point
for calculation - currently
designed for primary tracks
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FIRST TEST OF THE Parnda
HOUGH TRACK FINDER

« Data set (1000 events):
« Beam momentum: 7 GeV/c
« DPM background

« Results for HoughTrackFinder:

85 2 04 Algorithm uses interaction point
' for calculation = currently
designed for primary tracks

« possible primary tracks:
* possible secondary tracks: [{59.0 % |—

« Number of ghosts: 24.1 % |— Ghost ratio has to be reduced!

‘ Misclassified tracks:
Number of found hits of

any mc track is < 70%
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FIRST TEST OF THE parnda
HOUGH TRACK FINDER

- Data set (1000 events): i e

«  Beam momentum: 7 GeV/c 5 *°F P I

« DPM background ol T B I oo
- Results for HoughTrackFinder: osEf +—

o of T |

» possible primary tracks: 85.2 % L Jr 1

« possible secondary tracks: [59.0 % n.4;_ n Jr Jr

- Number of ghosts: 24.1 % °F

0.2
« Transverse momentum dependency: — primary
 Efficiency drops for high p; 04| __ secondary
1] 1 1 | 1 11 | 1 11 | 111 | 111 | ]

1] 02 04 06 OB 1 1.2 1.4
pT
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FIRST TEST OF THE
HOUGH TRACK FINDER

« Data set (1000 events):
« Beam momentum: 7 GeV/c
« DPM background

« Results for HoughTrackFinder:

« possible primary tracks: 85.2 %
« possible secondary tracks: [59.0 %

« Number of ghosts: 24.1 %

« Transverse momentum dependency:

 Efficiency drops for high p;

—> high p- leads to straight line

—> different hough space
parametrisaton?
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OUTLINE Par da

1. Hough space parametrization:
* X-y-space
* - @ —space
 1/r- ¢ —space

2. Ghost reduction:
« |nvestigated parameters
* number of hits in track
« number of neighbors (to reduce curling tracks)
« STT
« GEM
 distance between hits (ghost tracks can contain hits from

different regions)

9 JULICH
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OUTLINE Par da

1. Hough space parametrization:
* X-y-space
* - @ —space
 1/r- ¢ —space
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HOUGH SPACE PARAMETRISATION

Use x-y-space
* Only circle centers
* No information about
radius
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HOUGH SPACE PARAMETRISATION

T 14‘3: 180
 Use x-y-space s L
. 120 : 160
« Only circle centers -
* No information about 1001 140
radius - ,
801~ . —120
L "_!ml
° - — - [raes SRR
Use r- ¢ —space | 60 SR 100
* Circle center and radius :
Information 40
« Forhighpy 2r - o 20 60
o 40
—20F 20
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HOUGH SPACE PARAMETRISATION

=100
 Use x-y-space s 5ok -
« Only circle centers : B 100
« No information about 80 o .
radus o A &0
50:_ |I| : iui:t:';l'l:A:TIl !
* User- ¢ —space SRR
 Circle center and radius 50 —60
iInformation a0k
. o)==
« Forhighpy 2r - o 30; 40
. Use 1/r - ¢ — space 2oF-
« Circle center and radius - 20
information oF
[ ) I C 1 | | | | | | | | | | | | | | | | | | | | | | |
Forhighpr 2 r -0 % 0.01 0.02 0.03 0.04 0.05 °
1/rin 1/cm
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Track Finding Rate

HOUGH SPACE PARAMETRISATION

Binning vs. Track Finding Rate

1r
0.9
0.8
0.?5— | ':&#ﬂi%: S S
06 "~ T B_inning scale is
L+ different for 1/r
0.5
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0.3
0.2 —XVSYy
0.1 —r vs phi
- | | | 1/r vs phi
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binning code for number of bins in Hough space

Hough spaces range:
x,y € {—150 < x,y < 150}
r € {0 <r <300}
@ € {—180 < ¢ <180}
D ocfo<lay]
r r

Binning code (number of bins):
X=y=r=0@
= 20 - (binningcode + 1)
1
= 500 - (binningcode + 1)
—> no difference for fine
binning
- 1/r needs a much finer
binning to reach the same
efficiency



Efficiency

HOUGH SPACE PARAMETRISATION

Efficiency vs. transverse momentum

all tracks
08—
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No clear difference
INn momentum
dependency

Same momentum
ranges could not
be found

-> small p-, curling
tracks
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HOUGH SPACE PARAMETRISATION

Distance hits to track

d
mean distances
200— Entries 3419
- 1 Mean  0.06484
180— z Std Dev  0.03971
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120E T H distance to track and
100l smallest standard
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HOUGH SPACE PARAMETRISATION

Difference of ghost ratio and efficiencies

100—
- - 1/r leads to smallest
. ghost ratio
—> higher computing
50 time due to finer
binning
40
20 .x;rHough space
. r phi Hough space
. 1/r phi Hough space
’ e P’*mar:ﬂ% Secqy, iy
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OUTLINE Par da

2. Ghost reduction:
* |nvestigated parameters

* number of hits in track

* number of neighbors (to reduce curling tracks)
« STT
- GEM

 distance between hits (ghost tracks can contain hits from

different regions)
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OUTLINE Par da

2. Ghost reduction:
* Investigated parameters
 number of hits in track
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Mitglied der Helmholtz-Gemeinschaft 10.03.2020 Seite 10 Forschungszentrum



GHOST REDUCTION Parnda

Number of hits in track

g 40C
 ldea: e F
« Tracks need to passthe ™ 30 .
detector 20f- ;
- - leads to a path 1of- %o n
consisting of a certain B . .
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« Example: A track that -:mf— ?3;,,.
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GHOST REDUCTION Parnda

Number of hits in track

Does a track that passes the STT also have to pass the MVD?
- Determine number of hits of found tracks consisting of only one type of hits

1 — 1 —

| — True tracks | — True tracks
Tracks i — — Ghosts I — Ghosts Tracks
consisting of os- o8f consisting of
only STT hits | i only GEM hits
\.\; || I /
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M STT only ghost tracks M GEM hits in a track consisting of only GEM hits
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GHOST REDUCTION

Number of hits in track

Efam -

Does a track that passes the STT also have to pass the MVD?
- Determine number of hits of found tracks consisting of only one type of hits
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GHOST REDUCTION Parnda

Number of hits in track

Calculate ROC curve for GEM only tracks:

« define a cut value:
« Dbelow this value everything is defined as track
« above this value everything is defined as ghost

Cut
<5
1— ——  True tracks
- —— Ghosts
0.8—
. defined as defined as
06— track ghost
0.4— -]
02—
- j
I _l_ f [ X )
B | | | | Lo o | | | J U L I C H
[} 1 1 1 1 1 1 1 1 1 | | 1 1 | 1 1 1 1 | | Forschungszentrum
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N GEM hits in a track consisting of only GEM hits



GHOST REDUCTION Parnda

Number of hits in track

Calculate ROC curve for GEM only tracks:

« define a cut value:
« Dbelow this value everything is defined as track
« above this value everything is defined as ghost

Cut
I
1— ——  True tracks FPRat FP
- ate = ———
- —— Ghosts FP+TN
08 = TP
: | | TPRate = TP+—F]V
_ defined as . defined as
06— track " ghost
| False / P+ TN
- - accuracy =
[ _positives (FP) | True negative (TN) TP+ TN + FP +FN
- . False negative (FN)
- True _—
0ol positives (TP)
| _l_ I — (X
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Forschungszentrum

|
0 2 4 6 8 10 12 14 16 18 20
N GEM hits in a track consisting of only GEM hits



0B
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0.2

GHOST REDUCTION

Number of hits in track

Calculate ROC curve for GEM only tracks

number of GEM hitg only (normalized)

—True tracks
— Ghosts

:||||||||||| ||—|:T%|I|||I—H|I|||I|||I|

o 2 4 & 8 10 12 14 16 18 20

M GEM hits in a track consisting of only GEM hits
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accuracy 70.8 %
False Positive Rate | 50.0 %
True Positive Rate |98.4 %
False Negative 1.6 %
Rate

True Negative Rate | 50.0 %
Reduction of ghosts | 1.9 %
Reduction of 0.3 %

possible primaries
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OUTLINE Par da

2. Ghost reduction:
* Investigated parameters

« number of neighbors

. STT
- GEM
@) JULICH
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GHOST REDUCTION Parnda

Number of Neighbors (STT)

Curling tracks lead to a lot of clones or ghosts
- have more neighbors
- use STT neighborhood relations

E 25
2 :
~ b curling track
: . . / - ,blob* of STT hits
L »
15—
L * rxﬁ x ¥
n Z,
m:— i ”
: ﬂﬂ‘f_)“ =
sl Tt
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GHOST REDUCTION Parnda

Number of Neighbors (STT)

Curling tracks lead to a lot of clones or ghosts
- have more neighbors
- use STT neighborhood relations

E a5
> B curling track
- " LT - ,blob” of STT hits
- P "
15— :
: = -
= % = 1L
E . / | - ghost
E ﬂﬂ.{)u . .[ x -
sfo gy \
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GHOST REDUCTION

Number of Neighbors (STT)
Calculate average number of STT neighbors per hit

— True tracks

1000 — Ghosts

o > all STT neighbors
number of STT hits

GO0

400

200

i} 1 2 3 4 5 6 7 a o
M hitted neighbors™ STT hits per track
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GHOST REDUCTION Parnda

Number of Neighbors (STT)
Calculate average number of STT neighbors per hit

40
10001 — True tracks I L — True tracks
— Ghosts i — Ghosts
a5
800l ] aok
Y. all STT neighbors :
number of STT hits o5l
60O
eI -
4001 15{+ |
: 1o[k I L
200 I
slL
o , P I i T TR AN
0 1 2 3 4 5 & 7 8 8 6 1 2 3 4 5 & 7 & 8
M hitted neighbors™ STT hits per track M hitted neighbors™ STT hits per track
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GHOST REDUCTION Parnda

Number of Neighbors (STT)
Calculate average number of STT neighbors per hit

40
10001 — True tracks I L — True tracks
— Ghosts i — Ghosts
I a5
- i Not a good
8O0 ) 0 )
i Y. all STT neighbors r separation
number of STT hits b | | —>use a rather
sool I save cut
20f -
4001 155- |
| L
200 I
st
D- , ﬂi_l_l_lﬂjTllllllllllllllllllll
0 1 2 3 4 5 & 7 8 @8 0 1 2 3 4 5 B 7 & 8
M hitted neighbors™ STT hits per track M hitted neighbors™ STT hits per track
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true positive rate

0B

0.6

0.4

0.2

GHOST REDUCTION

Number of Neighbors (STT)

Calculate average number of STT neighbors per hit

- ROC calculation

ROC cunve for relative Mumber of neighiors per track

0 0.2 0.4 0.6 0.8 1

false positive rate

1000
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B00
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Mumber of neighbors per Hit
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— True tracks

— Ghosts

Accuracy 83.9 %
False Positive Rate | 70.4 %
True Positive Rate 94.9 %
False Negative Rate | 5.1 %
True Negative Rate | 29.6 %
Reduction of ghosts | 4.0 %
Reduction of 0.8 %

possible primaries
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y in cm

GHOST REDUCTION

Number of Neighbors (GEM)

Efam -

60 & ] P GEM ,blobs® lead to many ghosts
i * - > Similar to STT ,blobs"
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y in cm

GHOST REDUCTION

Number of Neighbors (GEM)

60

40

20

-60 —40 -20 0 20 40 60
X incm

Efam -

GEM ,blobs” lead to many ghosts

—> Similar to STT ,blobs"

- no neighborhood relation as for
STT exist

- Define a region around a GEM hit
where all other GEM hits are
counted

in this example: 29 GEM hits inside
the region
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GHOST REDUCTION Parnda

Number of Neighbors (GEM)

ROC analysis
Mumber of neighbeored GEMs per Hit ROC curve far Mumber of neighboured GEMs

4000 — True tracks % i Accuracy 74.2 %

r — Ghosts £ T —
asoof 2 False Positive Rate |46.7 %

r : : B True Positive Rate 93.6 %
3000 5 0.8

j . False Negative Rate | 6.4 %
= 05k True Negative Rate |53.4%
2000 ' Reduction of ghosts | 9.7 %
ook || 04l | Reduction of 3.5%
g i : possible primaries

100 || i
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OUTLINE Par da

2. Ghost reduction:
* Investigated parameters

 distance between hits (ghost tracks can contain hits from
different regions)

l) JULICH
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GHOST REDUCTION Parnda

Distance between Hits

g 40
O L
c
> | ghost tracks are created
20— " by using hits of :
- e . * not reconstructable
] % tracks
o * * hits not assigned to the
- . / correct track
! H
_20|— £ - Ghos’F tra_cks can
- contain hits from
i different detector
—40— regions
I - Assumption: mean
60— distance between hits
- | | | | IS larger

R S Py @) JULICH
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GHOST REDUCTION Parnda

Distance between Hits

ROC analysis
mean distance Hit to Hit in track ROG curve for mean distance Hit to Hit

sook : — g#gstt;acks i Accuracy 81.6 %
- | [ g False Positive rate | 69.9 %
1505_ I“ 0sl True Positive rate | 96.1 %
mé_ [ False Negative rate | 3.9 %
20 05l True Negative rate | 30.1 %
100} | _ Reduction of ghosts | 6.9 %
sof 0al Reduction of 2.4 %
o i = possible primaries

0.2+
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RESULTS

Parameter Study to Reduce the Ghost Ratio

« Total ghost reduction
depends on order of cuts
(sequential cuts)

Best order still under

Investigation

First result for order:

1. distance between hits

2. number of neighbors (GEM)

3. number of hits in track

4. number of neighbors (STT)
Parameter | Ghost Efficiency

reduction | loss
abs. (rel.) | abs. (rel.)

Mitglied der Helmholtz-Gemeinschaft

E“-EI_I da

100 —
 85.2
81.6
80 76.5
71.8
58.9
60
525
46.7 458
40
n o 19.6
Without ghost
20 reduction 16.1 10.1
9.9
With ghost
reduction .
0 | | | | |
g, Page P Par; Tty Tty gy
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RESULTS AND OUTLOOK Parnda

Investigation: Results:

* Hough space parametrization: 1r - ¢ — space
* X-—Yy-—space
* I— @ —space less ghosts, smallest distance to track
* 1/r— ¢ —space Higher computing time

« ghost reduction:
* number of hits in track
* number of neighbors (STT)
* number of neighbors (GEM)
« distance between hits

Ghost reduction | Efficiency loss
abs. (rel.) abs. (rel.)

16.2 (67.2 %) 3.6 (4.2 %)

Outlook:
e order of cuts
e secondaries

9 JULICH
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GHOST REDUCTION

Number of Neighbors (GEM)
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ROC ANALYSIS parnda

Definition of false positive rate, true positive rate and accuracy

oI FPRate =

- ~ FP + N

100%

)
)
P(TP , .
. ,
. s
,
, .
r )
* o
, ,
_
* -
P

AT T B BN + FP + FN

0% P(FP) 100%
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