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Info

* Repo: baltig.infn.it/dune/STTTrackReco
- First commit: winter 2020
» Best-effort development

» People working on it: Matteo Tenti, Valerio Pia, Michele Pozzato, Giulia Lupi
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Ingredients

* Track state vector (ay)

mk:(ﬁ’yz) Hyzqu"‘"?'g

( - \ X coordinate
Y Y coordinate (x,y,2,t0)
1/R Signed inverse radius
tan A Tangent of dip angle
\ b ) Rotation angle
* Track model: helix B e
Particle’s trajectory
* Measurement vector:
Y
my = ( ;: ) .. = —k - arctan tcim)‘ Either one WY
xz sin ¢ . X
depending on l
Y T the STT plane 7 / tan A

: Covari ance m a.triX Ck Pierre Astier et al. Kalman filter track fits and track break point analysis.
e Prediction for the measured state hk (fk—l) Nucl. Instrum. Meth. A, 450:138-154, 2000.

* Energy loss and MCS currently NOT taken into account
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State vector

 Input: straw digits
 Input tube-digits are grouped in plane

« Within plane adjacent tube-digits are
clustered

» Reconstruct radius for tube-digits

« Evaluate common tangents and take
the best one according to a likelihood

» Clusters are reconstructed: m, g, tO,
quality

Cluster

L/

Cluster

Initial state

N

Cluster

X X
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Kalman Filter algorithm

Most downstream STT Given the state vector and its
cluster covariance propagate them to the
previous STT plane

Initial State a;, G,

4 - State vector a;_,
Propagation
l Propagator matrix Fj,_,
Process noise matrix Q;_,
Predicted state : :
Multiple scatterin
@i = f(ay—1) - =

Cx = Cie(Fr—1, Q1)
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Kalman Filter algorithm

Most downstream STT

Initial State a,, C;, cluster

\ 4 : State vector a;_;
Propagation
l Propagator matrix F,,_,
Process noise matrix Q;,_;
Predicted state i
o Prediction
a; = f(a;_,) Projection h(a)

Cx = Ci(Fe—1, Qx-1)
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Kalman Filter algorithm

Most downstream STT For each STT Plane compare the

Initial Stat C L
Al SIate G S cluster prediction to the measurement

\ 4 : State vector a;_;
Propagation
l Propagator matrix F,,_,
Process noise matrix Q;,_;
Predicted state i
. Prediction
a; = f(a;_,) Projection h(a)
Cie = Ce(Fr—1, Qi-1) o
Chi2 minimization Measurement vector m,,
l Measurement noise matrix V,
(my, — hk)Vk_l(mk - thT
Best match
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Kalman Filter algorithm

Initial State @.. € Most downstream STT The process is reiterated until no
Wk cluster cluster can be added.
The state vector and covariance
l matrix are updated considering all the
. e measurements
Propagation
l Propagator matrix Fj,_,
Process noise matrix Q;._,
Predicted state i
. Prediction
a, = flag_q) Projection h(a)

G = Ck(Fk—lr Qk—l)

| |
Chi2 minimization Measurement vector m,,
l Measurement noise matrix V,,
Filtered State (mye — ) Vi (mye — )™
ai = f(K) Filtering Best match

Cy = Cp(Hy)

Kalman Gain matrix K,

Projector matrix H,
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Last update

-

o

Last update:
Initial State a;, G, Most downstream STT . h k f .
cluster Check of state propagation
~  Check of covariance matrix
v N
Propagation State vector a;_, propag atIO N
Propagator matrix F;,_,
— d Process noise matrix Q. Problems were found in the
redicted state .. . . .
@, = f(a_1) —>  Projection Predietion propagation of the covariance matrix
= Ck(Fk 1 Q1) k()

Chi2 minimization

!

/

Filtered State
ax = f(Ky) Filtering Best match
Gy = C(Hg)

Kalman Gain matrix K,

Projector matrix H,

9
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Last update

Elemen-wise comparison of covariance matrix obtained with KF and from analytical
computation.

Some elements were not in aggreement.
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0225 —— KF propagation - ——— KF propagation
- : H /| 04— . H
o2 — Analytical propagation - — Analytical propagation
- / 03—
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02— 3
- ! 0— — ——— -
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0.5

0.4

0.3

0.2

0.1

New update

Starting matrix values were too big and the algorithm didn’t converge.

Correct results obtained with steps of different lenghts and for multiple steps

%10 x107°

— . 0.15j

- KF propagation - KF propagation

= —— Analytical propagation I : -

— Y Propag 01— Analytical propagation

= 0.05—

- - ]
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= 1 T T - - ||1—D_05711 | P | | | T I R R Y
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New update

Starting matrix values were too big and the algorithm didn’t converge.

Correct results obtained with steps of different lengths and for multiple steps

E 012 —
0.0125 — -
= KF propagation 301 — KF oropaeation
0.012— —— Analytical propagation - P p g .
- ws— —— Analytical propagation
0.0115 — ) n
- - 006 [—
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TN R T N T T N N T A N N T M N NN T N A N N AN N N M N S N R T N NN SN R R N T A R 07111||||||111111|||||111111||||||111111|||
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20

Step number Step number

Total length 50 mm

12 7th November 2023 Kalman Filter status update INFN m_k\E




Current checks

/ Initial State a;, C;,

/

A 4

Propagation

A4

Predicted state
ar = f(ax—1)
Cr = Ci (Fk—lx Qk—l)

Most downstream STT

cluster

State vector a;_,

Propagator matrix Fj,_,

Cess noise matrx Qy_;

K A

Filtered State
ar = f(Ki)

k/ Cr = Ci(Hy)

Prediction )

/L,

Projection
: e (aye)
Y
Chi2 minimization
Filtering

(# Best match /j

Kalman Gain matrix IK,

Projector matrix H,

Current checks:

Everything else

How:

Consider a particle propagating in STT
with no Energy Loss nor Multiple
Scattering

Compute particle’s trajectory analytically
step by step along the z direction (true
trajectory)

Smear x and y tracjectory coordinates by
200 um to simulate STT measurements
Get Measurement vector of each step
from the smeared points (no digitization
nor clustering applied)
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Current checks

——— Simulated trajectory
Predicted trajectory

—— Filtered trajectory

——— Smoothed trajectory

/

1 a | 1 1

E — — £ —
_3 s N/fr_.ff —
[ ~ u
— yd -4.66 —
41— u
B / Starting _4.665 —
= / state u
-/ X 0 -
— fff —4.67 | —
s / Y -2.385 —
6 B
— / 1/R -0.1779 4675 —
S / tanl 0 E
- / & 1.571 68|
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Current checks

——— Simulated trajectory
Predicted trajectory
—— Filtered trajectory

——— Smoothed trajectory

= f = F
e -
- ~5.05 | —
54—
Starting | Smeared —
state state -
X 0 -6.7e-05 =515
Y -2.385 -2.385 u
1R | -0.1779 | -0.1809 52—
tanA 0 0.0012 :
b 1.571 1.578 5.25— !
22 23 24 25 xl[zrlg] TURr T 205 ati 21a5 212 1211%(5[;“]]
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Current checks

E L
The reconstructed trajectory > —
diverge even for small smearing of -3
the initial state, suggesting the —
existence of a wrong a
Implementation of the code. —
| ——— Simulated trajectory
=l Predicted trajectory
Starting | Smeared | s e ;
state state — iitered trajectory
61— ——— Smoothed trajectory
X 0 0.00027 —
Y -2.385 | -2.384 =
1/R -0.1779 | -0.175 -7
tanl 0 0.0092 —
¢ 1.571 1.576 Tt 2223 24 25 26

X [m]
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Conclusions

« Small progress were made

» Checks are ongoing to verify everything is working as wanted
- State propagation works as intended
- Covariance matrix propagation works as intended

- Checks on the other algorithm steps are ongoing
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Covariance matrix propagation check

 Smearing of the initial state based on the values of the covariance matrix

* Analytical propagation of the smeared initial state

As done earlier

10k times with different smearing seeds

Mean propagated state

Covariance matrix of the mean state

N times with different seeds

Mean and sigma of each element of the covariance
matrix from the sample of N covariance matrices
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Covariance matrix propagation check

220

200
180

10 ' 0.0001
0 9. € A
0.0001 : 0.2

160
140
120
100
80
60

40

20

0 —l I R ST [ R L
0.18 0.19 0.2 0.21

Mean and sigma of each element of the covariance
matrix from the sample of N covariance matrices
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Covariance matrix propagation check

220

200
180

10 : 0.0001
0 A
0.0001

160
140
120
100

80

60
40

20

1 L L 1 L 1 1 1 1
0.19 0.2 0.21

=
(=]

« Mean and sigma of each element are obtained
for different steps along z, from 0.1 to 50 mm

« The results are compared to the values obtained
with the KF propagation
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Covariance matrix propagation check

220
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0
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0.0001

(8]
0.2

Mean and sigma of each element are obtained
for different steps along z, from 0.1 to 50 mm

The results are compared to the values obtained
with the KF propagation
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