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Tracking Validation

= Main Goal of a validation during software development:

» systematic control of the developed code
» check that performances improve and no (new) bugs are
» check how far we are from specifications

= Can take advantage of MC Truth Informations (compare measured VS
generated quantities) but keep in mind that a tracking validation on
data is the goal when data taking starts

= |n any case: we need reference plot to decide if what we see is
expected or not, good enough, good but not enough, ...

= caveats:
» Belle CDC pattern recognition (Trasan) is used
»  Merger of VXD TrackCand + CDC TrackCand uses MC truth information

» no extrapolation from CDC to VXD and vice-versa
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Current Tracking Validation

hptResiduum_0.10GeV https://belle2.cc.kek.ip/internal/validation/index.html
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Efficiency & Purity



Integrated Efficiency & Purity

tracking¥ ~ VXDonly = CDConly = VXD+CDC

purity (%) | 9572:0.08  77.1x0.1 | :
c= efficiency (%) | 68402  753+01  80.10.1
¢= efficiency’ (%) | 77.8¢0.1 = 91.1:01 = 89.6+0.1

(*) numbers and plots shown are based on 8k Y(4S) events
purity = probability to find an MCParticle associated to a Track, given a Track

# MCParticles with at least one associated Track
€= physical efficiency
# MCParticles

. _# MCTrackCands with at least one associated Track geometrical acceptance and

# MCTrackCands detector efficiency are factored out
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Efficiency VS Transverse Momentum

efficiency VS pt —— MCParticle
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151 LI LI l LI 1 LI l LI l 1 l LI ] LI l:
0.9 =" .
= £€=95% @ p: = 500 MeVic 3
0.8 =
0.7 f— —f
065—. £€=65% @ p: = 100 MeVic _E
"3 E
0.4F- S
0.3_5— =
0.2F -
0.1F- VXD+CDC -
:l 11 I 11 1 | | .| | | .| I | | | | I | | 11 l:

0 0.5 1 1.5 2 2.5 3.5
P, (GeV/c)

Giulia Casarosa

legend:
* &, physical efficiency

* &, geometrical acceptance and detector efficiency factored out

inefficiency VS pt

- MCParticle
— MCTrackCand

1l:| | L I LI L I LI L I LI L L I LI L I | L L I | l:
0 €= 2% @ p: = | GeVic -
- | ]

- VXD+CDC ]
10-2 | I . | | | . | I | I .| l | I .| | | I .| I | I .| l | I . |

0 0.5 1 1.5

Second B2ITA - 18t December 2014

2

25 3 3.5
p, (GeVic)




Efficiency VS Polar and Azimuthal Angles

efficiency VS ¢ —— MCParticle
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VXD only

Efficiency VS transverse momentum

efficiency VS pt —— MCParticle
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VXD only
Efficiency VS polar and azimuthal angles
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Purity VS transverse momentum

urity VS pt ) : hpurpt
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Purity VS polar angle

purity VS 6 purity VS 6 hpurtheta
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Track Quality
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Transverse Impact Parameter
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o040 VS transverse momentum
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= 3 families of tracks:

¥ CDC only tracks

¥ tracks with no PXD clusters
attached

vr tracks with PXD clusters
attached
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Classification of VXD Tracks

= 2 families VXD tracks:

tracks with at least one PXD
cluster attached:

© Odo = 35um @ 1 GeV/c

e Odo= 50pum @ 500 MeV/c

o O0do= 120um @ 200 MeV/c

© 250< 040 <300um @ 100 MeV/c

Y tracks with no PXD clusters
attached

» factor 2 worst
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Comparison with BaBAR Tracking

0.4 |—

0.3 o

1-2001
8583A28
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O BaBar Oz
® BaBarR O4qo
B2 T40 Tracks with PXD cluster
-+ B2 040 Tracks with NO PXD cluster

Transverse Momentum (GeV/c)

= Belle2 VXD Tracking when with
PXD clusters are used in the

track fit performs better than
BaBar

= Belle2 Tracking when no PXD
clusters are used in the track
fit performs worse than BaBar
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Patter Recognition Efficiency & Purity

Pattern — yyponly = CDConly  VXD+CDC
Recognition
purity (%) | 94.88+0.08 = 755:0.1 | :
e= efficiency (%)| 79.3:02 = 91.3+01 94301

purity = probability to find an MCTrackCand associated to a TrackCand, given a TrackCand

# MCTrackCand with at least one associated TrackCand
E =
# MCTrackCand
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efficiency VS hit VXD Layer Number
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Pattern Recognition Efficiency
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Low € for PXD layers is a known “feature” of the

efficiency VS hit VXD Layer Number

!

lower € than expected

E_ for SVD layers _5
E_ very low € for _E
= PXD layers .
S VXD only
El 1 | L1 1 1 | L1 1 1 l L1 1 1 | L1 1 1 | L1 1 1 l 1 lE
1 2 3 4 5 6

# VXD layer

VXD TrackFinder

In the VXD+CDC there is a loss of efficiency on VXD Layers

* is the merger responsible?! to be investigated.
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y (cm)

VXD Clusters used in the Track Fit

used in the Track Fit: transverse view
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hits used in the Track Fit:
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Conclusions

= Tracking Validation is important to spot the critical problems and to
give feedback to the developers

= A new Tracking Validation code has been developed and has produced
the first results

= Future Plans:
» collaborate with Thomas Hauth (KIT) to the validation
o add validation of MCTrackFinding and MCTrackMatching tools
» develop 2-step validation:
1. write one or more ntuples with the relevant quantities
2. produce histograms

» define the relevant plots to be checked by the shifters, and the
“expert-plots”

» find or define the reference plots

Thank You!
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backup slides
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Geometrical Acceptance

acceptance VS 6
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