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ROI Efficiency Recap

= Definition based on the fraction of digits inside an ROI:

# PXDDigits inside a ROI
# PXDDigits of Track

EDGT =

= |Introduced ETrK:

# Tracks with at least one
related PXD Digit inside a ROI

# Tracks with at least one
related PXD Digit

ETRK =

= | 7% of the fitted tracks misses the intercepts:

e inefficiency in the extrapolation (unlikely)

e SVD track finder performance (extrapolation
of CDC tracks to the PXD planes does not
have sufficient precision)

o SVD+CDC track merging performance (CDC
tracks not correctly merged with SVD tracks
count as inefficiency)
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SVD+CDC MC Tracking

SVD+CDC MCTF
= Using the MC track finder, VXDTF and track [ I LN SN RAAN AL R O A R R
merging are factored out 0.98:_ = ‘ -
= |ess than |% of the tracks miss the intercept 0 96.’._+ etk = (97.7+0.1)% -
osaf- & epor = (95.3£0.1)% -
o.92§[_+ ~
0.9F -
0.8 Using MCTF the grrc
0.86F+ reaches 98%, w.r.t 83% -
‘ oBal- obtained with the real TF -
0.82 -
./d gateelvelveolovsloslooliloeeloulorelerel oo
= 0 02 04 06 08 1 [1.2 1.4 16 1.8 2 22

ROI with correct VxdID (71)

ROI with wrongVxdID (31)

no RO, Intercept with correctVxdID (5)
no RO, Intercept with wrongVxdID (22)

no Intercept (89)« it was 1454 with the real TF
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The inefficiency is not
due to problems in the
extrapolation



Efficiency Definition

= |n order to investigate the source of the inefficiency a new definition of efficiency is needed
because there can be one more than one Track related to one MCParticle

# Particles with at least one related RecoTrack

g1t in<i PTD = Particle with Track and Digit
and one related PXD Digit inside a ROI articte with frack and Ligi

EPTD =
# Particles with at least one related RecoTrack
and one related PXD Digit 1 SVD+CDC MCTF
—IIIIIIII:IIII;IIII III]IIIIILI]IIIIIII |
= The track merger inefficiencies do not N
influence the evaluation of the ROI 2 ertp = (97.8+0. 1)% ]
efficiency £r1p T E— EDGT=(952101)% .................................

t{."l
1

= The efficiency definition regarding
PXDDigits is also modified:

# PXDDigits inside a ROI
# PXDDigits of MCParticle

0.9

€GT = as expected:

ETRK is compatible with €ptp

Epcr is also compatible: normalization on

MCParticle (this slide) VS normalisation on
MC Recolracks (previous slide)

0.85
= As a sanity check, compare €ptp With E1ri

using the MC track finder: the results are
perfectly compatible 0.8

e also &€pgT not differ

T
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Inefficiency Classification

= Consider only MCParticle with at least one related PXDDigit and one related RecoTrack

Number of PXDDigits per Particle
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i h1DigitsPerPart |
il Entries 154318 | - :
: Mean 0.5179 | - 10°
J LLHI RMS 1.562 | -
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= | oop on the PXDDigits related to the MCParticle

10°

Number of RecoTracks per Particle

Trrrjryrrryrrrryrrrryrrrryrrrrryyrryryrryrryrrryrprrory
- =

b —

h1RecoTracksPerPart | =
Entries 20877 | °
Mean 1.828 | =
RMS  0.5604 | |

e loop on all RecoTracks and for each Recolrack loop on all intercepts

= (#intercepts x #Hrecolracks) cases to judge for each digit: choose the least serious case

= Classification of the MCParticle is the least serious case of its PXDDigits

r

it i : 4 least |
@ digit is outside the ROI defined on the digit sensor SEriOUS
given a PXDDigit these @ no ROI defined on the digit sensor
are the possible cases: intercepts exists but none on the digit sensor ¢
@ intercept does not exist mos
L serious |
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Inefficiency with MC TrackFinder

MCParticles™: pr profile of the inefficiencies
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= |n 2k events, 19084 MCParticles®) are found,
and 97.8% have at least one PXDDigit 50

: : — out ROI
contained in an ROI 1o ROI
= Only 417 suffer from an inefficient ROI 40 wrong VxdID

finding and miss a PXDDigit

e in half cases the ROl exist on the correct

sensor but it does not include the
PXDDigit

e in 40% of the cases the intercept does not .,
exist (165 MCParticles*))

— no Intercept
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MCParticles™ with No Digits in ROI:

digit is outside the ROI defined on the digit sensor
no ROI defined on the digit sensor

© intercepts exists but none on the digit sensor
intercept does not exist

(**) MCParticles with at least one related RecoTrack and one related PXDDigit
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SVD+CDC real Track Finder

= With the MC TrackFinder the difference in definition in efficiency is negligible, as expected

= With the real TF, on the other hand, there is a significant improvement that confirms that
the issues with the merger were affecting the ROI efficiency estimation

SVD+CDC MCTF SVD+CDC realTF
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Inefficiency with real TF
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= In 2k events, 18963 MCParticles®) are found,

and 91.2% have at least one PXDDigit — outROl
contained in an ROI 250 ~—— no ROI
= Only 1556 suffer from an inefficient ROI 200 wrong VxdID

finding and miss a PXDDigit

e in 40% of the cases the ROI exist on the
correct sensor but it does not include the

PXDDigit

e in 55% of the cases the intercept does not
exist (868 MCParticles™*))

150 —— no Intercept
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MCParticles™ with No Digits in ROI:

digit is outside the ROI defined on the digit sensor
no ROI defined on the digit sensor

intercepts exists but none on the digit sensor
intercept does not exist

) MCParticles with at least one related RecoTrack and one related PXDDigit
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Half - Presentation Conclusions

= The efficiency of 82.6% reported in the first slide was not correctly estimated: half of
the inefficiency was due to CDC tracks not correctly merged to existing SVD tracks

= After correcting for this with the new definition of €prp, the ROI finding efficiency with
real TrackFinding and not-optimized ROl settings are:

eptp = (91.8+0.2)%  epet = (89.3+0.1)%

= The ROI efficiency with the MC TrackFinder is €ptp = (97.7£0.1)%
= Roughly half of the inefficiency is due to missing intercepts related to MCParticles

e the fraction of MCParticles with no intercept is reduced to |/5 using the MCTF
instead of the real TF

o with realTF an increase of missing intercepts is observed for 100 < pt < 300 MeV/c

= The other half of the inefficiency is due to the size of the ROI since there is an ROI
on the correct sensor, but the digit is not inside the ROI

e changing the width of the ROls the inefficiency should be significantly reduced
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Reduction Factor

= The fraction of PXD sensors inside the ROls (reduction factor) is well below the 10%

= An increase of the ROl size is possible and should improve the efficiency

= We can afford roughly a factor 10 increase of the reduction factor
area’ WhiCh is nOt SO mUCh Since the ROI are IIII|||II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
two-dimensional objects . E
- hRedFactor|
= ROls are rectangular regions, the standard size of 1401~ Entries 2000 |
the U andV sides are computed as: 1001 E
- Mean 0.01306 | -
e 10 x +/(syst? + stat?) ook B
. : N RMS 0.009934 | 1
e stat = statistical error of the extrapolation sof E
e syst = 0.2 mm A - .
O_ ]
e max width U =5 mm - -
401 —
e max widthV = |5 mm - -
20H ]
= | have played a bit with the parameters to see the oi L NC UNEPE RN ST

I| |I | |I
, 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
effect on the efficiency
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Playing with the ROI size, MCTF

= MCTEF, full-frame ROls

o &ptp = (98.97£0.07)% 1+
e 0.15% have intercept on the wrong sensor [
e 0.88% miss the intercept 0.98_—
o with perfect track-finding, this is the best .
we can achieve if we do not worry about I
the reduction factor... 0.96}—
= MCTF, removed max width i
e 1D = (98.68+0.08)% 0.94~
e 0.28% have too small ROls -
e 0.88% miss the intercept 0,92~—
e can’t afford this because of the reduction i
factor .
0.9

ROI efficiency

SVD+CDC MCTF
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syst x 5, no max width
no max width
standard
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Full-FrameRO size, MCTF vs real TF

= MCTF, full-frame ROlIs

€rtp = (98.9710.07)% 1
0.15% have intercept on the wrong sensor .98
0.88% miss the intercept

with perfect track-finding, this is the best
we can achieve if we do not worry about 0.94
the reduction factor...

0.96

0.92
= realTF, full-frame ROls 0.9
e &p1p = (95.210.2)% 0.88

e 0.2% have intercept on the wrong sensor
0.86

e 4.6% miss the intercept

e with our current tracking, this is the best 0.84

Giulia Casarosa

we can achieve if we do not worry about

the reduction factor... 0.82
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A Reasonably Working ROI Setting

= realTF, larger ROls but not too large
e syst = Imm (x5), maxWidth x4
e &pr1p = (94.1£0.1)%

| % have too small ROls

4.6% miss the intercept

the reduction factor average is | | %, with
an RMS of 5% and maximum below 50%

10° |
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hRedFactor

Entries 2000

Mean 0.1123

RMS  0.04852

TT[.-TTI-T--]TT.T]TTTT

'lllll

Giulia Casarosa

06 07 08 09

ROI efficiency SVD+CDC real TF
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0.96[— —
0.94f I —~
0.92} —] r
0.9 —— -
0.88| - -~
0.86[ r
0.8 4'5_ { full frame _f
. syst x5, maxWicfth x4
0.82[— standard .
0-8 N 1 1 1 1 1 11 l 1 1 1 1 1 1 1 11 l l-
10 p_(GeV/c
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Conclusions

= After correcting for the wrong efficiency estimationn, the ROI finding efficiency with
real TrackFinding and not-optimized ROI settings are:

epto = (91.8+0.2)% eoGT = (89.340.1)%

= The ROI efficiency with the MC TrackFinder is €ptp = (97.7%0.1)%

= Roughly half of the inefficiency is due to missing intercepts related to MCParticles

e to be investigated
= The other half of the inefficiency is due to the size of the ROI

e full-frame ROls increase the efficiency up to &€ptp = (95.2+0.2)% for the real TF and
(98.97+£0.07)% for the MCTF

e a dedicated study is needed in order to optimise the efficiency keeping the
reduction factor under control

Giulia Casarosa ROI efficiency

14






Joid PXDInterceptor (2) current version

::appendIntercepts(StoreArray<PXDIntercept>x
- <ROIDetPlane> , RecoTrack* , 1int
RelationArraysx ) {

PXDIntercept tmpPXDIntercept; ReCOTI‘CICI(S

: :Track& = : :getGenfitTrack(xrecoTrack);

<R0IDetPlane>::iterator = planelList.begin(); , .
can’t change the propagation

direction of a RecoTrack!

doub'le = 0;

for (int = -1; propDir <= 1; propDir += 2) A
gfTrack.getCardinalRep()->setPropDir(propDir);  check both propagation directions

while (itPlanes != planelList.end()) {

: :MeasuredStateOnPlane :
try {

state = gfTrack.getFittedState(); get the state of the track
lambda = state.extrapolateToPlane(itPlanes—>getSharedPlanePtr());

} catch (...) {
B2WARNING("extrapolation failed"); extrapolate to the plane
1tPlanes++;
continue;

¥

const TVectorDé& = state.getState();

const TMatrixDSymé& = state.getCov(); compute the Intercept Infos

[ tmpPXDIntercept.set: CoorU CoorV, SigmaU, SigmaV, SigmaUprime, SigmaVprime, Lambda, VxdID ]
listToBeFilled—>appendNew(tmpPXDIntercept);
gfTrackCandToPXDIntercepts—>add(theGFTrackCandIndex, listToBeFilled->getEntries() - 1);

itPlanes++;
}
by
¥
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The TrackFinder (& Merger) Effect

real TrackFinder

ROI with correct VxdID (21 3)
ROI with wrong VxdID (112)

no Intercept (1454)
ok: Digit inside ROI (8826)

Giulia Casarosa

no RO, Intercept with correctVxdID (11) ©
no RO, Intercept with wrongVxdID (74) @

MC TrackFinder

ROI with correct VxdID (71)

ROI with wrongVxdID (31)

no RO, Intercept with correctVxdID (5)
no ROI, Intercept with wrongVxdID (22)

@ no Intercept (89)

ROI efficiency

ok: Digit inside ROI (9420)
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Classification of Tracks with No Digits in ROI

= |n |k events, 10690 tracks have at least one related PXD Digit, 8826 tracks have at
least one related PXD Digit contained in an ROI (82.6%).

= What about the other 1864 tracks (17.4%)?
= We need a track classification, but it’s not straightforward!
 loop on each digit and for each digit, loop on all intercepts
= (#intercepts x #digits) cases to judge for each track, then choose a track status
= Classification of the Track is based on:
« existence of intercept/ROI, intercept/ROI sensor (VxdID).

e choose of the “least serious” problem among all the (#intercepts x #digits) cases

least |

ROI with correctVxdID serious
ROI with wrong VxdID
no ROI, Intercept with correct VxdID
no RO, Intercept with wrong VxdID

most
no Intercept Serious

r

given a digit and an
intercept, these are
the possible cases:

— 4
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SVD+CDC MC TrackFinder: PXDDigits

PXDDigits: pt profile of the inefficiencies
L I LI L ] LI LI LI L LI

= 95.2% PXDDigits related to T | ML LU I
MCParticles™®) are contained in an ROl s00]— -
fraction of digits in ROI per track - out ROI .
T T T T soo:,_ — NO RO' _::‘
10k heffPerTrack - -
Entries 19084 w00l wrong VxdID E
- Mean  0.971| | - —— no Intercept -
- RMS  0.1606 - .
300_— ]
10° - ~
| ' 200}— -
10 4  — N
LU ] [ -
| . . = -
0 0.2 0.4 06 0.8 1 "~ : -, ' .

% %z 04 06 08 1 12 14 16 18
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PXDDigits not in ROI:

digit is outside the ROI defined on the digit sensor
no ROI defined on the digit sensor

intercepts exists but none on the digit sensor
intercept does not exist

e (**) MCParticles with at least one related RecoTrack and one related PXDDigit
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