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Status report on VXDTF2

Status report on other activities

Status report on open issues, pending activities



0) Pattern Recognition:

Complexity of the 

Problem
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Given a set of 374 clusters 
( average Y4s event with background, 
present simulation ) in how many way 
you can partition it in 12 non 
overlapping subsets? 
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StirlingS2 [374, 12] = 
8579244752112013445320144183073086694228183791229192130021182058774964\

1436179559446247749968911846831518389612245740728531964526941049795459\

0694653776123576308210237582300645863076213963359103884113699331498842\

4984937253821782188530452612467489774779681511888099214869999009234797\

6489917458180327072450141088926514002010754791696457139830890200629213\


750010468838888233544683418665341555331757337 
roughly  

8.58 10394
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And just a single one of these partitions is the 
correct one. How to find it in milliseconds?
Do not consider unlikely combinations


Subsets with more than 2 - 4 
clusters per layer


Subsets whose clusters are 
scattered over erratically


Just consider “reasonable 
combination” to reduce the haystack


Can we better define “reasonable 
combination”? 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1) The Sector:  
Divide et Impera
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We divide the sensor active surface in sectors


The active surface is mapped to a square


The square is partitioned in rectangular areas,  
e.g:  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The charged particles trajectories define  
how sectors are connected:  
E.g: Sector 8 and Sector 11 are  
connected by this track


Sectors connected 
by a significant  
number of tracks are  
said “friends sectors”
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The Sector Connection:  
Il braccio violento della legge.


Al CINEMA!
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 THE Sector 
Connection
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Let’s have a look at the sectors connected to the

sector 0 on the forward sensor  

on module 16 on layer 6:

L60m16s5i0 (900k Y4s events)


4 1 7 2 1 49 8 1965 277 319 65 1 397 194

L60m16s5i0

L40m10s3i6 L40m10s3i7 L50m1s4i0 L50m1s4i1 L50m1s4i4 L50m12s4i0 L50m12s4i1 L50m12s4i3 L50m12s4i4 L50m12s4i6 L50m12s4i7 L60m15s5i4 L60m15s5i6 L60m15s5i7

Strong 
Connection

Weak 
Connections



Let’s define “friends” two sectors connected by more 
than 100 tracks in 900k Y4S events


this requirement cuts 2/3 of the friendship 
relations (false ami?)


but 99.66% of the track segments are retained
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Let’s have a look at the sectors connected to the

sector 0 on the forward sensor  

on module 16 on layer 6:

L60m16s5i0 (900k Y4s events)
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Let’s have a look at the sectors connected to the

sector 0 on the forward sensor  

on module 16 on layer 6:

L60m16s5i0 (900k Y4s events)


1965
277

319

397 194

3889 34631245 646 8523 79355241 523

22791113 463 4256364 1740

L60m16s5i0

L50m12s4i3 L50m12s4i4 L50m12s4i6

L60m15s5i6 L60m15s5i7

L40m10s3i0 L40m10s3i3 L40m10s3i1 L40m10s3i4 L40m10s3i6

L50m12s4i0 L50m12s4i1

L6

L5

L4
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Let’s have a look at the sectors connected to the

sector 0 on the forward sensor  

on module 16 on layer 6:

L60m16s5i0 (900k Y4s events)


1965
277

319
397 194

3889 34631245 6468523 79355241 523

22791113 463 4256364 1740

1825 38691859 856 178 5275 170 4938362 25276180 1854740 9802 1951352 3641 352234 1446615391 2209 130 6868 670

2468
2184

437

342 154 953 5086

5822

995 205

L60m16s5i0

L50m12s4i3 L50m12s4i4 L50m12s4i6

L60m15s5i6 L60m15s5i7

L40m10s3i0 L40m10s3i3L40m10s3i1 L40m10s3i4 L40m10s3i6

L50m12s4i0 L50m12s4i1

L30m6s2i6 L30m7s2i0L40m9s3i6 L40m9s3i7 L00m0s0i0L30m6s2i7 L30m7s2i1 L30m7s2i4L40m9s3i8 L30m7s2i3 L30m7s2i6

L50m11s4i6 L50m11s4i7 L50m11s4i8



16

The Friendship relation matrix


126 396 828 1548

126

396

828

1548

Friendship relations. Selected Segments (tracks > 32)

L6

L5

L4

L3

L4

L5

L6



Who takes care of the 
creation of the sectors?

The SectorMapBootstrapModule in  
module/vxdtfRedesign


At present all the sectors are partitioned in the very 
same way (3x3 / sensor, that is 1548 sectors / SVD ) 


We need to investigate how close to the optimum 
this is ( trade off memory foot print / speed )


We can tailor the sector to cope with sensor 
defects (broken APV, clusters of broken strips, etc.)
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3) Filters
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Filters for SpacePoints 
combination

We define a filter for each pair of friend sectors in 
order to select reasonable SpacePoints pair 
combinations (aka Segments).
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2 Space point Filters type
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Cut(Distance3D)
Cut(Distance2D)
Cut(SlopeRZ)
Cut(Distance1DZ)
Cut(CosXY)
AllCuts



Training

At present the implementation of the training is not 
yet very terse


One module collects the data from simulated 
events: VXDTFTrainingDataCollector


One module merges the data, it defines the 
friendship relations and  it trains the filters:  
RawSecMapMerger
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From Segments to 
Triplets
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Each friendship relation is treated as a node in a 
graph.


By a MC sample we define the edges of the graph, 
i.e. the allowed combinations of segments sharing the 
mid VXD hit
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Let’s have a look at the segment connection


90 147

413 644 114 500 105

L60m16s5i0 → L50m12s4i4

L50m12s4i4 → L40m10s3i0 L50m12s4i4 → L40m10s3i3

L40m10s3i0 → L30m6s2i6 L40m10s3i0 → L30m7s2i0 L40m10s3i0 → L40m9s3i7 L40m10s3i3 → L30m7s2i0 L40m10s3i3 → L30m7s2i3
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Let’s have a look at the segment connection


90147

413

644 114500105

1825

3447

419 604 10489

5165

1064938

814 2790 20539451

L60m16s5i0 → L50m12s4i4

L50m12s4i4 → L40m10s3i0L50m12s4i4 → L40m10s3i3

L40m10s3i0 → L30m6s2i6

L40m10s3i0 → L30m7s2i0 L40m10s3i0 → L40m9s3i7L40m10s3i3 → L30m7s2i0L40m10s3i3 → L30m7s2i3

L30m6s2i6 → L00m0s0i0 L30m7s2i0 → L00m0s0i0

L30m7s2i0 → L30m6s2i6 L40m9s3i7 → L30m6s2i6 L40m9s3i7 → L30m6s2i7L40m9s3i7 → L30m7s2i0L30m7s2i3 → L00m0s0i0

L30m6s2i7 → L00m0s0i0



Ok… what are the 
performances?
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MCSideTrackingValidationModule_finding_efficiency_by_p_t_profile

Entries  100840
Mean   0.4282
Mean y  0.9215
Std Dev     0.315
Std Dev y  0.2689

 (GeV)
t

p
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

fin
di

ng
 e

ffi
ci

en
cy

0

0.2

0.4

0.6

0.8

1

MCSideTrackingValidationModule_finding_efficiency_by_p_t_profile

Entries  100840
Mean   0.4282
Mean y  0.9215
Std Dev     0.315
Std Dev y  0.2689

 from MCSideTrackingValidationModule
t

Profile of finding efficiency by p

VXDTF SVD Only

VXDTF2 SVD Only


VXDTF2 VXD



27

MCSideTrackingValidationModule_finding_efficiency_by_p_t_profile

Entries  100840
Mean   0.4282
Mean y  0.9215
Std Dev     0.315
Std Dev y  0.2689

 (GeV)
t

p
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

fin
di

ng
 e

ffi
ci

en
cy

0

0.2

0.4

0.6

0.8

1

MCSideTrackingValidationModule_finding_efficiency_by_p_t_profile

Entries  100840
Mean   0.4282
Mean y  0.9215
Std Dev     0.315
Std Dev y  0.2689

 from MCSideTrackingValidationModule
t

Profile of finding efficiency by p

48

Data
Simulation

Transverse Momentum  (GeV/c)

0

0.0

0.4

0.8

0.10.0 0.2 0.3 0.4

4000

8000

b)

a)

T
r
a
c
k
s
/
1
0

 
 
M

e
V

/
c

E
f
f
i
c
i
e

n
c
y

1-2001 
8583A27

Figure 42. Monte Carlo studies of low momentum
tracks in the SVT: a) comparison of data (contri-
butions from combinatoric background and non-
BB events have been subtracted) with simulation
of the transverse momentum spectrum of pions
from D∗+ → D0π+ in BB events, and b) effi-
ciency for slow pion detection derived from simu-
lated events.

The absolute DCH tracking efficiency is deter-
mined as the ratio of the number of reconstructed
DCH tracks to the number of tracks detected
in the SVT, with the requirement that they fall
within the acceptance of the DCH. Such stud-
ies have been performed for different samples of
multi-hadron events. Figure 40 shows the re-
sult of one such study for the two voltage set-
tings. The measurement errors are dominated by
the uncertainty in the correction for fake tracks
in the SVT. At the design voltage of 1960V,
the efficiency averages 98 ± 1% per track above
200 MeV/c and polar angle θ > 500mrad. The
data recorded at 1900V show a reduction in effi-
ciency by about 5% for tracks at close to normal
incidence, indicating that the cells are not fully
efficient at this voltage.

The standalone SVT tracking algorithms have
a high efficiency for tracks with low transverse
momentum. This feature is important for the de-
tection of D∗ decays. To study this efficiency,
decays D∗+ → D0π+ are selected by recon-
structing events of the type B̄ → D∗+X fol-
lowed by D∗+ → D0π+ → K−π+π+. For the

majority of these low momentum pions the mo-
mentum resolution is limited by multiple scat-
tering, but the production angle can be deter-
mined from the signals in innermost layers of
the SVT. Figure 41 shows the mass difference
∆M = M(K−π+π+) − M(K−π+), for the to-
tal sample and the subsample of events in which
the slow pion has been reconstructed in both the
SVT and the DCH. The difference in these two
distributions demonstrates the contribution from
SVT standalone tracking, both in terms of the
gain of signal events and of resolution. The gain
in efficiency is mostly at very low momenta, and
the resolution is impacted by multiple scattering
and limited track length of the slow pions. To
derive an estimate of the tracking efficiency for
these low momentum tracks, a detailed Monte
Carlo simulation was performed. Specifically, the
pion spectrum was derived from simulation of the
inclusive D∗ production in BB events, and the
Monte Carlo events were selected in the same way
as the data. A comparison of the detected slow
pion spectrum with the Monte Carlo prediction is
presented in Figure 42. Based on this very good
agreement, the detection efficiency has been de-
rived from the Monte Carlo simulation. The SVT
significantly extends the capability of the charged
particle detection down to transverse momenta of
∼50 MeV/c.

7.3. Track Parameter Resolutions
The resolution in the five track parameters is

monitored in OPR using e+e− and µ+µ− pair
events. It is further investigated offline for tracks
in multi-hadron events and cosmic ray muons.

Cosmic rays that are recorded during normal
data-taking offer a simple way of studying the
track parameter resolution. The upper and lower
halves of the cosmic ray tracks traversing the
DCH and the SVT are fit as two separate tracks,
and the resolution is derived from the difference of
the measured parameters for the two track halves.
To assure that the tracks pass close to the beam
interaction point, cuts are applied on the d0, z0,
and tanλ. The results of this comparison for the
coordinates of the point of closest approach and
the angles are shown in Figure 43 for tracks with
momenta above pt of 3 GeV/c. The distributions

VXDTF SVD Only

VXDTF2 SVD Only


VXDTF2 VXD

~30 MeV/c
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We are almost there to say “Good farewell VXDTF”


VXDTF2 will be optional in the next release and standard in 
the next to next one 


We have to:


use the condition database for storing the sector map


optimize the training procedure of the VXDTF2


test the VXDTF2 resilience against dead channels, dead 
APV, etc…


replicate in BelleII the efficiency studies done in BaBar



CDC track finding
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CDC track finding efficiency vs pt vs multiplicity

3

by Viktor Trusov 3 

Belle II CDC TF vs Trasan 

Performance of CDC Standalone Tracking 23.11.2016 

Only prompt tracks are considered 
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by Viktor Trusov 4 

Influence of beam background 

12th champaign, no QED background 

Performance of CDC Standalone Tracking 23.11.2016 

  Track finding efficiency vs background rate



Open issues :’ (

Multiple mass hypothesis fit is not working 
as advertised.


pion mass hypothesis always give the best 
results ??


lack of expertise on Genfit2
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Motivation
CKF

A Combinatorial Kalman Filter uses the principles of the Kalman Filter for

track finding. Starting with a seed, it adds hits with some kind of Monte

Carlo Tree Search algorithm.

First implementation: extrapolate from CDC to VXD (SVD).

Reduction of fakes

Reduction of SpacePoint combinations

Increased finding efficiency

Primary

All MC tracks 10325

MC track has VXD hits Yes No

10241 84

VXD part was found Yes No No

8340 1901 84

MC track has CDC hits Yes No Yes No Yes

7955 385 1622 279 84

CDC part was found Yes No No Yes No No Yes No

7023 932 385 1321 301 279 38 46

CKF Criteria? CKF Very bad! Criteria?
Merging

Efficiency
VXDTF

Must help
CDCTF

Must help

Combinatorial Kalman Filter - Nils Braun 28.04.2017 2/11



Conclusions

Lot of work done


The work done is paying the dividends


Lot of exciting work to do


Join the tracking group, work with us!
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VXDTF SVD: 4.56 ms/Events



37

VXDTF SVD: 11.7 ms/Events



Y(4S) event with and without background
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old next steps VXDTF2 Thesis Outro TFRedesign-TODO

Case ⌥(4S)-only BG-only ⌥(4S) + BG ⌥(4S) + 2⇥BG
L3 strips u/v 49.2/36.7 260.0/121.7 308.1/158.0 562.2/278.8
L3 clusters u/v 11.8/11.8 39.0/37.9 50.3/49.3 87.0/86.1
L3 SPs 26.1 233.9 318.0 791.0

L4 strips u/v 39.4/29.1 120.3/61.2 159.1/90.1 277.8/150.6
L4 clusters u/v 12.7/12.6 29.9/26.7 42.5/39.2 71.8/65.3
L4 SPs 22.5 100.5 143.1 320.4

L5 strips u/v 37.3/28.5 122.7/67.2 160.1/95.8 282.7/162.9
L5 clusters u/v 12.3/12.1 35.0/30.5 47.3/42.7 82.0/72.9
L5 SPs 19.2 99.3 132.3 299.3

L6 strips u/v 38.3/28.6 134.6/76.8 172.9/105.4 307.1/182.0
L6 clusters u/v 12.4/12.2 42.1/36.3 54.4/48.5 96.2/84.5
L6 SPs 17.0 100.8 127.9 283.1

Total strips u/v 164.3/122.8 159.4/81.7 200.1/112.3 1429.8/774.4
Total clusters u/v 49.2/48.7 146.0/131.3 194.4/179.6 337.1/308.9
Total SPs 84.8 534.6 721.3 1693.8

no BG: there are ⇠ 1% less v-clusters than u-clusters
(significant?)

BG only: 5%(L3)-15%(L6) less v-clusters than u-clusters

! Job for intelligent SpacePointCreator!
R. Frühwirth, J. Lettenbichler 16 HEPHY Wien & BELLE Collaboration

SP : Space Points. “u” is the local r ϕ direction. “v” is the local z direction.

The combinatorial problem is dominated by background hits

Signal Noise

Average strips/layer u/v



StirlingS2 [85, 12] = 
1113945763407827137023789730064528043043368344819719470457284061526615


18248995703170


more than  

1.11 1083
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