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Definition of the Problem

= We need to better define our goal in terms of pattern recognition efficiency

= Not all tracks are the same: there are tracks that are easy to find and tracks
that are harder to find

= The efficiency that we can reasonably achieve on tracks that are easy to find
must be higher that the efficiency on tracks that are hard to find

= |et’s classify the tracks in three categories:

» tracks that are easy to find = very high efficiency (let’s say 1)
» tracks that are hard to find = lower (how much?) efficiency

» tracks that are very hard to find = happier if we find it, happy anyway
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The Project

= Develop a module to be placed after the TrackFinderMCTruth that produces 3
subsets of MCTrackCands:

» tracks easy to find = easyMCTrackCands
» tracks hard to find = hardMCTrackCands
» tracks very hard to find = veryhardMCTrackCands
= Estimate our pattern recognition efficiencies on the three lists separately
= The VXD and CDC pattern recognition modules will have separate lists
» problems for VXD are not the ones of the CDC and vice-versa

» what is easy to find for the VXD can be hard for the CDC and vice-versa

= The question is: how do we decide to which category a track belongs 2

» I've first focused on the VXD 2
W
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TrackFinderMCTruth (1)

current PR efficiency definition:
# MCTrackCand with at least one associated TrackCand

# MCTrackCand

EPR =

TrackFinderMCTruth:

v factors out geometrical acceptance

v factors out detector inefficiencies

v’ requires a minimum number of hits SVD modules

Y (set relations with MCParticles)

BUT it does not handle:

® kinks & large multiple scattering ® ; ~E 4
Yo
o
‘ ) G
(&1]) ¢
\ X projection
B¢
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TrackFinderMCTruth (2)

current PR efficiency definition:
# MCTrackCand with at least one associated TrackCand

# MCTrackCand

EPR =

TrackFinderMCTruth:

v factors out geometrical acceptance
v factors out detector inefficiencies
¥ requires a minimum number of hits
Y (set relations with MCParticles)

BUT it does not handle:

@ tracking volume covering only
partially the helix

helix
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TrackFinderMCTruth (3)

current PR efficiency definition:
# MCTrackCand with at least one associated TrackCand

# MCTrackCand

EPR =

TrackFinderMCTruth:

v factors out geometrical acceptance
v factors out detector inefficiencies
¥ requires a minimum number of hits
Y (set relations with MCParticles)

BUT it does not handle: // ¢ //\\
/ [ .
| easiel ( harder )
@ hits in both outgoing and ingoing helix\\—/ he\lix\-—/
helix arms projection projection
R s ——————— DR ———————
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Current Status

= There maybe other classes of “MCTrackCands that are not easy to find”

= | have developed 2 criteria to reject non-easy-to-find MCTrackCands shown in
the previous slides

detector
TRANSVERSE PLANE ~ Plane,

| ' - helix
| harder \ y Y- projection

helix
radius

= NOTE: the geometry of the problem is complicated, but |
have tried to limit the numbers of degrees of freedom: ’

» work on the transverse plane

» hit position (distance from helix center and from 0,0) Sy helix
» helix radius X center

» MCParticle informations ot e
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Criteria #1 TRANSVERSE PLANE

| distance between detector planes

15
dL |
= predict the position of the next hit on the

expected detector plane, taking into
account multiple scattering

__ 13.6 MeV X
Oms = “pp 20/ % ‘

= project the region where the next hit is
expected along the helix radius

dR =ndL GMS

= check if the next-hit distance from the helix
center (d) lies in the expected region

|d — R‘ < dR detector

dotecto plane 2

helix

= |f the hit satisfies the criteria, check the next Lot

criteria (next slide), otherwise move to the
next MCTrackCand

|

to helix center
N ¥ I ——
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Criteria #2

Y TRANSVERSE PLANE
= divide the transverse plane into 2 \
regions given the first hit and the =
pT at POCA X

= given the curvature W and the
relative position between the first
hit and the helix center, predict the POCA
semi-plane where the next hit is
expected to be

= if the next hit belongs to the il
expected semi-plane, accept the hit 3
and move to the next one (criteria .
. (1] ¢
#1), otherwise move to the next T
MCTrackCand
helix
projection
LR —tstGammEREEORTTTT
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Selection Sequence

= TrackFinderMCTruth produces the list of MCTrackCands
» use PXDHits and SVDHlits
» do not use clusters

» minimum number of one-dimensional hits = 5

= retrieve the MCParticle related to the MCTrackCand (needed to compute
helix radius and Owms)

= | oop on the TrueHits (PXD and SVD):
» if the TrueHit satisfies criteria#| and criteria#2 — the hit is accepted

» otherwise — the hit is rejected & move to the next MCTrackCand

= |f at least 5 TrueHits are accepted = MCTrackCand is classified as easy-to-find
(easyMCTrackCand)
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Multiple Scattering Angle

distribution of Oms for generic Y(4S) events
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the distribution is ~right within a factor 2 in Ops.
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= MS angle is computed as

__ 13.6MeV X /[sin @
Omc = Bepr z V go
[ J

polar angle correction is wrong
in this study: O is computed at
the vertex, it’s not the incident
angle on the detector plan

1/TMath::Sqrt(TMath::Sin( 0))

I[_ ] T T T L | ' L] T ]' ' L] ] T T T ' ] 1
1.8% .
wrong factor in
o Owms formula
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Multiple Scattering Effect

dR over helix radius h1dRoverR
Entries 300602
5||||||||||||||||||||||||||||| TTTT7rrTrr7TrT77|Mean 0.01095
107 RMS  0.01758
dR =ndL GMS -
10° / —

- 5 _

n chosen based on hit -

i distance from (0,0)
10°E =
102:4_ |||||||||||||||||||||||||||||||||||||||||||||:

0 0.010.02 0.03 0.04 0.0 06 0.07 0.08 0.09 0.1

dR/R

= Multiple Scattering perturbs the helix

by 1% on average

Giulia Casarosa
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TRANSVERSE PLANE

| distance between det. planes
| dL !

multiple 8
scattering
aperture

detector ‘ detector
plane | helix - p / plane 2
radius "
o ““
to helix center
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Criteria #1 at work d — R| < dR

(hit radius - helix radius)/dR h1distOVERGR  distance between det. planes
Entries 300602 ! dL — —+
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIMeal'l -0.005707
105 - ™ RMS _ 0.1352
B - multiple T §
10° scattering oy
aperture

I IIIIII|
1 1 lllllll

5 4 3 2 -1 0 1 2 3 4
(hit R - helix R)/d

10°s E -
- rejected rejected 3
m hits hits i ~4
10 = —§ } \ heli
E accepted E prOJectlon
hits /
10 = detector / detector
= . plane | helix - R plane 2
. radius
1 [
lIIIIIIIIIIIIIIIII IIIIIIIII IIIIIIIIII IIIIIE
5
R

to helix center ¥ TRANSVERSE PLANE

R — T
= asymmetric distribution, higher left tail since no energy loss taken into account:

the correction is symmetric while the physical effect (energy loss) is not.
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Which Hits are Rejected?

Hit Distance Hit Radius
_lllllllllll|I|I|lll|lll|lll|l_ ||||I||||I|||| . ||||||7
~ ¢ histograms are normalised to one 7 -
03[ ° one entry per hit = 0.121— . helix center
T . - . e
_ _ Accepted Hits i B  histograms are normalised to one ]
035 _ Rejected Hits 3 T ¢ one entty perh :
- 31 o084 , —
02r - i — Accepted Hits -
, 15: 1 sosll — Rejected Hits -
[ layer layeré - | i
- N qlayer2 - | i
0.1 N Iayer3 | Iayer5 - 0.04 :— i —_
- ayer . | |
- ] pT = 220 MeV/c _
0.05 - 0.02ff —
0 [ 1 l:|,l‘:|l L1 NI e [ 4, 7 :
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= Most of the reject hits are in Layer6, and a smaller fraction in the wedge part of the SVD

= Most of the reject hits belong to low transverse momentum tracks (R < 70 cm <> pt < 300 MeV/c)
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Fraction of easyMCTrackCands/MCTrackCands

Average # Hits per MCTrackCands

= 5kY(4S) generic decays, Belle Il gecometry

0.7.—1 I 1 I 1 | | I I I ] | 1 | [ 1 I 1 l T —
; rejected : = 50k MCTrackCands (PXD&SVD TrueHits,
0-6:_ MCTrackCands e no use of clusters, # of |-D hits > 5)
5 average = 3.3 accepted
0.5 MCTracFI)<Can ds ™ = fraction of MCTrackCands classified as
n average = 6.2 easy to find = (93.7£0.1)%,
0.4 = homogeneously distributed in ¢:
03: - LS UL L I I I =
“t - 09 - E
i ’ 085 3
0.2— — : E
N Z 3 # easyMCTrackCands
_ ] 0.6 # MCTrackCands e
0.1— - 05F -
¥ : 0.4F 3
O— P s s e e (S I I T T T T . - 3
0 2 4 6 8 10 0.3F 3
5 number of hits 0.2F- =
0.15— ‘i
H | l L a1 | =
-3 2 1 0 1 2

o w
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easyMCTrackCand Acceptance

fraction of Good MCTrackCand VS A

1_| L | L I L I L I L I L |_

- e — . —— ] = only ~10% of MCTrackCands in the
0.9 E backward direction are easy to find, but
0sF —— E there is low statistics there
0 7:_ | B = 75% of MCTrackCands are easy to find

- - in the forward direction
0.6 # ;aazfﬁig(cznds E » selection criteria applied to hits in
0.5 raci-anas e the wedge part of the SVD results in

Tk - a looser selection
0.4 —

m ] = 95% of the MCTrackCands in the central
0.3 = region are easy to find
0.2 —

0.1 —
:l | I | I | I | I L1 1 1 I 1 1 1 | 11 1 1 | 1 1 1 |:
1.5 1 -05 0 0.5 1 15

A

Giulia Casarosa F2F ~Vienna



easyMCTrackCands VS pr

fraction of Good MCTrackCand VS pt

1_! LI | L } LI 11 } L1 1 {—H—i—%—T—&—H—%—i—t—%—i—i—%:
C —— . = 55% of tracks with pt < 100 MeV/c are
0.95" = easy to find
:_. 1 - fracti f Good MCTrackCand VS pt ._:
0.3¢ 1 e e = = fraction of easyMCTrckCands jumps to
— =AEANLEL DL AL B DL LA BB B B —
07E : = 88% for 100 MeV/c < pt< 200 MeV/c
— i n
0.6 ‘” — = pT1 > 2GeV/c only 1% of tracks are not
F 107 = ] easy-to-find
0.5 P . —
= I ]
0.4F ‘»r -
- 107 . .
0.3 F . -
= I m
0.2F | =
E 10;H,.l,..,g'“m.,..l.,.11...~1.,1. E
01__ 0 0.5 1.5 2 2.5 p?(GeWg)'s =
:I 1 1 | I | I 1 11 1 I I | I | I 1 1 1 1 I 1 1 | I:
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3 5
P, (GeVl/c)
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Comparison with the VXDTF efficiency
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Possible Improvements in the Selection Criteria

= correct the computation of Oms using the incident momentum (from TrueHit)
= can take into account (small) energy loss

» same approach as MS: allow for a “small” energy loss and recompute the helix
radius and position

= should get rid of MCTrackCands as:

» can use the time information associated to the

hit:
/ /\ : * estimate the time needed to complete one
' lap in the transverse plane (using E and pr)
* cut on the next-hit time
helix ﬁ
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Conclusions

= The results of the first studies for a re-definition of efficiency for our pattern
recognition have been shown

» reasonable results, probably going in the right direction
= Already have ideas to improve the selection criteria for silicon

= Should soon start to design the module:
» it should be flexible enough to add/change the selection criteria

» can help in the development and study of the criteria since the produced
TrackCand lists can be studied in more details (e.g. using the display).

= PXD is in the game, we should remove it and see what happens

= the problem in the CDC needs a similar dedicated effort

Thank You!
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Track Parameterisation

= POCA = Point Of Closest Approach

x = do is the 2d signed distance of the
..... SO TP TP PP PP PPPPPRPPRPPRPPRPPRPPRPPRPIN SPPRPPRPPRPPRPPRPPS 3 POCA from the y 4 aX|S, the Slgn
P depends on the angular momentum of
the track (>0 in the fig.)

= (o is the angle between p: and the x
axis at the POCA, g € [-TT1,17]

= the sign of W), the curvature, is the
same as the charge of the track (>0

projection

TRANSVYERSE PLANE

in the fig.)
=J
= e = /X2 + 42 Pt
Z = tan) is the ratio of p; and px, o Y p
= hefml  pocap A
% = 7o is the sighed distance of the POCA > b,
& from the transverse plane ... e — >
g i Z0 z
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