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Tracking and vertexing

The classical HEP algorithms for track and Knowledge about
vertex reconstruction are based on the .
Kalman Filter (KF) method. primary vertex

Despite the KF success and many tricks to reduce Leads to the
| the seeding time, th|5 metde 5t|H. has several significant reduction of the
disadvantages caused just by its locality, when tracks algorithmic complexity
are reconstructed one by one. Local approaches during the track-candidate
nave an obvious dfawback: they do not allow access search — from O(n?) to O(n),
to the global picture of an event and see the and can improve the overall
dependence between mdxdua tracks or groups of track reconstruction
tracxs. efficiency.

At the same time, there is another
global approach, in which the
recognition of the entire event including
all tracks and vertex itself among noises
is performed immediately across the

whole picture of this event. )

Helps to improve the
precision in determining the
particle momentum.
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CoordConv Layer

Number

of stations g5 32 64 dx2-1

Leok O I e
On TrackKs

Conv. Layers Conv. Layers

i/

1x1x32 1x1x64 [0 1x1x1 + sigmoid activation
—' 1x1x32 1x1x64 [[] x1x[(d - 1) x 2] + linear activation
BatchNorm Layer BatchNorm Layer
i coordinate J coordinate
|
@&l@ g : LOOT model is convolution :
i | neural network (CNN) |
—

™5 TEEEE 1) ]
How to use CNN to present a @ U The main idea of the LOOT is to use the
physical event? |

: | % % .~ OZ dimension instead of RGB channels |
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We used 200 000 Monte Carlo - x =

simulated events for the Besll! =—— =—_ %
experiment.

Most of the nhits are Take.

Flirst results
proble

Transform to
cylindrical and

MAE = 0.009
f Cartesian b normalize 4 A
coordinate system bbbl "
- Not normalized E = Jx%2 4+ y?, MAE= n ?:1 |x; — Yilz
: y : Train model .
" X =arctg|=]), ! problematic to get
: X i the distance in the
E Y=z ! required units
Initial data S —— > ~ <
' . Criteria for evaluating results:
| Mean Absolute Error = MAE
€ | Mean Square Error = MSE

E 5 The problem is that the error was calculated for normalized data, and
V( it turned out to be quite problematic to get the distance in the
required units.
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nverse

Cartesian X Cartesian Y Cartesian Z
B in
To get the value of the metric il ' ' — X
° ° e_ o ° ° ° 3500 - - E
In Initial units, It Is necessary o
that the metric accepts data in o
the same units as input. .
1500 A
Therefore, to calculate MAE in _—
cm, an inverse transformation - | _
was added when calculating oLl ﬂ.l_lko i - +T
metrics. The MAE after recalculating the metric is O.4 cm

This graph shows that the trained
06.07.2021 model is not working correctly! s



2 steps fixed X and Y coordinates value

Cartesian Z
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oo W However, shortening the coordinates for
SEE prediction didn’t affect the quality of the
- " I . | result.
BT 1 LOOT model can predicted |
- m— I . | 6
& | only Z coordinate |
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steps changing loss-function

1w Loss function takes two parameters as
loss(x,y) = £Z(xi — yi)? INnput - true and predicted values. The
i=1 function shows how well the model
oerforms in prediction. The higher its value,
All normalized coordinate values are close P, the worse the model works.
to zero. Squaring such small.values in the > o —
loss function gives the function value close 8 o
to zero. a:g:]ngl_28672156 [ prediction
: 4004 |Dispersion 1.1977644
LOOT falls into the local minimum during Prediction
s . . Mean 0.57637346
the optimization process! 3004 |Dispersion 0.9311838

200 -
To solve this problem, it is

necessary to give unnormalized
values to the input of the loss

function.
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Arladnes PyTerch Library for Particle
Track Reconstruction
Uslng Deep Learning

Ariadne — the first library for deep learning tracking on Python:
v any type of event data including collider and fixed-target experiments

v metrics logging, multiprocessing for data preparation, multi-GPU
training

v open source and fully deterministic
(https//github.com/t3hscus/ariadne )
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Resullts, Conclusions and Outlook
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W original
W prediction

The distribution of coordinates has become
closer to the true one. The result will be
improved by training the model on more
events.

Running time of the trained model ' T
does not depend on the multiplicity o T
of the event.

§ 0.25 ] |—_| = ___ 3 :
poed LA DT
/ 0.23 T T T __
The program code is included ‘ . 1 T 1 1

in the Ariadne library.
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