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« Dataset (30k tracks)
o pT>1GeV/c
o |n|<0.5
o no ¢ cut
o 10 hits per track

Recent
Results

« Machine Learning Method
o BDT-GBM ((x,y,z) coordinates)
o 5th hit from previous 4 ones
o Samples
m Training: 21k tracks (70%)
m Optimization: 3k tracks (10%)
m Application: 6k tracks (20%)

Track Reconstruction




Discussing about Failures

« Maybe failures are not that bad

« Failures to find a perfect track (according the Kaggle challenge)
o does not mean a failure to find the particle features
o and may be only due hits (from different tracks) very close to each
other

. We can check it

Update
Dataset

Success 5026 (84%) 4815 (80%) 4626 (7T7%) 4272 (71%) 3793 (63%) 3552 (59%) 2411 (40%)
Failure 974 (16%)  1185(20%) 1374 (23%) 1728 (29%) 2207 (37%) 2448 (41%) 3589 (60%)
Success  5125(85%) 5084 (85%) 5017 (84%) 4820 (80%) 4445 (74%) 4426 (74%) 3280 (55%)
Ne Failure 875(15%) 916 (15%) 983 (16%) 1180 (20%) 1555(26%) 1574 (26%) 2720 (45%)




Tracking Fit
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Constant value

would come
from a fit in
pTvs.R



Phenomenology Expectations

21k Tracks « What would we expect to

° ¢ Constant = 0.5 GeV/c/m . & ® . get from?
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Unexpected Result from a Circular Fit

Transverse Momentum [GeV/c]

20 40 60 80 100 120

0

21k Tracks
o Training Sample Ojj O
|/ pT(R)=-45+28R| _____________________________________________________________
B S S Y-V S S
e ...................... ................... o .............................................................
®©
e - .
| | o © 8
I ...................... .................. Q.i..&.o ........ O]
: 3 ot
i i ‘ o
i i 00
: : 00
o = o
! o i o
i %o o 4 o
.0 00 oo S O G
T T T T T
1 2 3 4 5

Radius of Track Curvature [m]

o Butreallifeis hard

o Two different scenarios
o Points
m consistently increasing
m inasmooth line
o Points
m insensitive to the formers
m without any structure

« Highest radius
o lower than 6 m

« Constant=2.8 GeV/c/m
o Highest expected radius: 40

™m



Unexpected Tracking Fit: Hypophysis

 Failure to fit tracks
o R library (circular) may not be good enough
o Would be the best scenario (unfortunately)

« Presence of outliers
o But are not expected to be so much

« The constant is not a constant
o Itis aresidual assumption
o But must to be considered if the two first hypophysis are not
confirmed




« Itis mandatory to analyze how far/close
o points from tracking fit
o are from real hits

Checking Fit

#R
> library(circular)




A-Y:. DIStance petween ritted and neal
Points

21k Tracks 21k Tracks
B layer 1, (sd, BW)=(3.2, 0.05) mm B Layer 1, (sd, BW)=(3.2, 0.05) mm
o M layer 2, (sd, BW)=(2.2, 0.03) mm - B Layer 2, (sd, BW)=(2.2, 0.03) mm
8 M layer 3, (sd, BW)=(1.1, 0.02) mm 3 M Layer 3, (sd, BW)=(1.1, 0.02) mm
& Layer 4, gsg Bv\/),) = Eo.s, 0.01; mm N Layer 4, Esg ng = 20.3, 0.0lg mm
B Layer 5, (sd, BW) = (1.6, 0.04) mm B Layer 5, (sd, BW) = (1.6, 0.04) mm
o m Layer 6, (sd, BW) = (2.7, 0.05) mm o r‘ m Layer 6, (sd, BW) = (2.7, 0.05) mm
§ 1 B layer 7, (sd, BW) =(3.3, 0.05) mm § 1 B Layer 7, (sd, BW) =(3.3, 0.05) mm
B Layer 8, (sd, BW)=(2.7, 0.04) mm B Layer 8, (sd, BW) = (2.6, 0.04) mm
m Layer 9, (sd, BW)=(0.8, 0.02) mm m Layer 9, (sd, BW) = (0.7, 0.02) mm
g g | Layer 10, (sd, BW) = (4.5, 0.06) mm g g | Layer 10, (sd, BW) = (4.5, 0.06) mm
S 3 S a ‘
o o ﬂ
L i |
g Standard deviation 8 Bandwidth (BW)
- . — .
| (sd) provides informs how
g | information about 3 | concentrated are
® how large is the tail ® the best values
o — o -

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

(XFitted - XReaI) [mm] (YFitted - YReaI) [mm]




2D Distance between Fitted and Real Points

Distance between Hitgjeq and Hitgeg in XY Plane Number of Fits Out of Difference (Hitgjteq — Hitreal)
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Summing Errors over All Hits in Track

21k Tracks 21k Tracks
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Cutting Out Cases with Larger Fit Error

Before and After Cutin Q. (Hitrieq — Hitreal) Before and After Cutin D (Hitriteq — Hitrea)
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Fit fails for
larger pT

Yes!

Flt Fallures There are some

) val . larger
outliers alues. large

track curvature

Fitting Tracks with (Hitgjiteq — Hitrea)) > 30 mm Fitting Tracks (pt > 10 GeV/c)
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21k Tracks

D O  Training Sample
: — pT(R) =1.85+0.02.R

120
|

100

Some tracking
fits resulted in the
double distance
between Earth
and Mars

Trying with
Other Library

80

60

#R
> library(pracma)
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2D Sum of Errors

Distance between Hitgjeq and Hitgeg in XY Plane Number of Fits Out of Difference (Hitgjteq — Hitreal)
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Works fine for

Checking Fits

larger tracking
curvature

Fitting Tracks (pt > 10 GeV/c) Fitting Tracks with (Hitgiteq — Hitgea) > 30 mm
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Summing Errors over All Hits in Track

Frequency

2000 3000 4000

1000

21k Tracks

What would

happen applying
cut (Error <2 cm)
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Cutting Out Cases with Larger Fit Error

Before and After Cutin Q. (Hitrieq — Hitreal) Before and After Cutin D (Hitriteq — Hitrea)
Layers Layers
o
o _
n W 21k Tracks
o= 21k Tracks B 15k Tracks
— -——— z (HitFitted - HitReaI) <2mm
Layers
o
(@)
wn
o
o _|
o
—
> >
o o
= =
(4] (]
> 3 =
2 Losse 6k Tracks 2
o
g |
o [Te]
i
n
— o -
[ I I I I ]
1 2 5 10 20 50 100 0 2000 4000 6000 8000 10000

Transverse Momentum [GeV/c] Radius of Track Curvature [mm]




o Library “pracma” is very simple
o Does not allow to set initial (r, x0, y0)

o Library “circular” is more complete

SOI ution to o Allow to inform to set initial (r, x0, yO)
COm put| ng o Providing triplet may be helpful
Constant R, = LT — {02,04,06, ..., 4.0} x 1035/
ki A\ Y J mm
20 different
constant values
« However

o Radius is computed from pT
o What about circumference center (x0, y0)?




Computing Center of the Circumference
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Find Best Constant Value

21k Tracks ° qB - 06 GeV/C/m
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My solution
for Tracking
Fit




Find Best Triplet Combinations (Hz, Hz, Hs)

Z(Hitpmed — Hitgeg) vs. Triplet Combination Avg. of Z(Hitpmed — Hitgeay) Vs. Triplet Combination
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pesSt Iriplet Lompbinations: LOOKING Lloser

(1)

(Fit - Real) [mm]
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Best Triplet Combination: Looking Closer (ll)

(Fit - Real) [mm]
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The idea is to get mean
values of (r, x0, y0) using the
best triplet combinations
And use them as input for
library “circular”



My Solution (I)

Fitting Tracks (pt > 10 GeV/c) 21k Tracks
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My Solution (I1)

21k Tracks

7000

Layer
Layer

Layer
Fq Layer
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Layer
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EEEEN
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My Solution (1)

Number of Fits Out of Difference (Hitgjteq — Hitreal) 21k Tracks
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My Solution (IV)

Before and After Cutin Q. (Hitrieq — Hitreal) Before and After Cutin D (Hitgigeq — Hitrear) < 3 mm
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My Solution (V)

Fitting Tracks with (Hitgjiteq — Hitrea)) > 30 mm

o
8 ——— Chosen Tracks
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---- Circular Fit
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To-Do List

« Use Optimization sample (3k tracks) to validate the fit

o Compare pT values between
o values from dataset and values from fits on the reconstructed tracks




