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dE/dx - Compute dEdxProcessor

 DD4hep geometry issue
e dx calculation strategy

* New processor options:

— Change truncation values (8%, 30%)

- Select strategy for dx calculation

— Generate dE/dx plots for all strategies

- Weighting each track with sqrt( number of hits ) for plots

— Turn off assining dE/dx to track to only generate plots

* General polishing and documentation

* Intention to upload the new version to github soon

Ulrich Einhaus | dE/dx & VOFinder | 09.03.2018 | Page 2



dE/dx — DD4hep geometry issue

* Gear base unit: mm, DD4hep base unit: cm

 Feature: >> TPCdata.rMinReadout / dd4hep::mm ;

* Problem: without specifying the units min radius was at 37 mm
— Silicon hits were accepted and used for dE/dx calculation
— usually truncated (lower 8%, upper 30%)

— only came up when number of hits was low

* Now corrected

* Be aware of DD4hep units!
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dE/dx — dx calculation strategies

* 1 (so far): use real distance between track hit centers

« 2:use helix path length of projected hits (points on the helix closest to the hit
position)

- Gets rid of hit-to-hit position fluctuation ®
— Can be acquired from class MarlinUtil::SimpleHelix
- Performs worse than strategy 1

* 3: use helix path length over the row height of the hit row

- Gets rid of missing-hits problem, uses all hits

— Calculate crossing point of helix with cylinder at upper
and lower row edge (hit radius +/- half pad height)

- Get helix path length between those crossing points
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dE/dx — dx calculation strategies

* 1 (so far): use real distance between track hit centers

« 2:use helix path length of projected hits (points on the helix closest to the hit
position)

- Gets rid of hit-to-hit position fluctuation 0\
— Can be acquired from class MarlinUtil::SimpleHelix
- Performs worse than strategy 1
* 3: use helix path length over the row height of the hit row
- Gets rid of missing-hits problem, uses all hits

— Calculate crossing point of helix with cylinder at upper
and lower row edge (hit radius +/- half pad height) /
[

- Get helix path length between those crossing points
- Performs similar to strategy 1 /
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dE/dx — Plots:

Bethe-Bloch curve for dx strategy 1: hit-to-hit distance
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dE/dx — Plots: comparing strategies

* Used single particle random momentum rec-files, 100k events for each
PDG (electrons, muons, pions, kaons, protons)

Bethe-Bloch curve for dx strategy 1: hit-to-hit distance ILD Preliminary
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Generated with dE/dx processor Plot by M. Kurata with standard tools

Different binning and reconstruction stages!
To do: particle separation plots
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dEidx / (GeV/mm)

dE/dx — Plots: comparing strategies

* Used single particle random momentum rec-files, 100k events for each
PDG (electrons, muons, pions, kaons, protons)

Bethe-Bloch curve for dx strategy 1: hit-to-hit -

Bethe-Bloch curve for dx strategy 2: hit-to-hit path length of projected hits
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dE/dx — Plots: comparing strategies

* Used single particle random momentum rec-files, 100k events each
PDG

Bethe-Bloch curve for dx strategy 1: hit-to-hit - Bethe-Bloch curve for dx strategy 3: path over hit row
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dE/dx — Plots: comparing strategies

dE/dx / (GeV/mm)

Bethe-Bloch curve for dx strategy 1: hit-to-hit distance
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dE/dx — Plots: comparing strategies

Bethe-Bloch curve for dx strategy 3: path over hit row
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dE/dx — Plots: comparing cut >=30 hits

dE/dx / (GeV/mm)

Bethe-Bloch curve for dx strategy 1: hit-to-hit distance
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dE/dx — Plots: comparing cut >=30 hits

Bethe-Bloch curve for tracks with >30 hits and dx strategy 1: hit-to-hit distance

\x o° BBHist_n30_Strategy!
= 3 Entries 454473
0 SSUOS SOVTON SO0 OO0 U000 N0 UUOUROUIOS VSOOI SOUO OO U 0 00 0 5 VOO SOV O Mean x 16.86

Meany 1.78e-07

Std Dev x 23.51
Std Devy 6.31e—08

¥

0.8

....................................................................

....................................................................

dE/dx / (GeV/mm)

0.7 80

..............................................................................

0.6

0.5

0.4

...................................................................................................................................

0.3

0.2

0.1

<
o

momentum / GEQIO2
Only tracks with >= 30 hits

Ulrich Einhaus | dE/dx & VOFinder | 09.03.2018 | Page 15



dE/dx —

dE/dx / (GeV/mm)

Plots: comparing weighting

Bethe-Bloch curve for dx strategy 1: hit-to-hit distance
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dE/dx — Plots: comparing weighting

dE/dx / (GeV/mm)

Bethe-Bloch curve for dx strategy 1: hit-to-hit distance
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VOFinder

e Part of Marlin TrackingReco tg::gr

* Works on reconstructed tracks, cut-based, no fitting

» Takes all pairs of reconstructed tracks, calculates
their point of closest approach (vertex candidate) vertex
and combines the 4-vectors to VO candidates using ":* cand.

corresponding rest mass hypotheses

VO cand.

X IP
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Cut defaults

(radius = xy-distance from IP) tg,c:resr
* radius of innermost hit of tracks > 0.7 VO radius
e distance of reconstructed tracks < 1.5 mm
vertex

« reconstructed mass within 10 MeV (y) or 20 MeV (K,s, /\) @i cand.
A

* VO radius > {cut radius}

- 10 mm (y) - beam pipe at ~ 15 mm
- 30 mm (K;5) - T-c =27 mm

- 50 mm (A) - T:c=78 mm

VO cand.

X IP
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Procedure

* Used ddsim particle gun to simulate 4000 kaons and lambdas
e p=[1,2,3,4,5,6,7,8,9,10] GeV;, RCut = [5,10,20,30,50] mm
» Efficiency: correctly reconstructed / more than 2 tracks found

Number of events after different cuts

V0OCutsCount

40001 Entries 13487

C Mean 2.658

L RMS 1.423
3500
1: found MC VO s000"
2: VO decayed in charged particles -
3: number of reco. tracks > 1 -
4: at least 1 correct VO found 2000
5: + only one reco. VO 1500
10003—
500
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Efficiency plots

» Efficiency: correctly reconstructed / more than 2 tracks found
* Here: efficiency over distance from IP

* Also: total efficiency (cut 4 / cut 3)

Radius of the MC VO Efficiency of the VOFinder over the reconstructed radius
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RMS of the position difference between MC and Reco
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Efficiency plots

» Efficiency: correctly reconstructed / more than 2 tracks found
* Here: efficiency over distance from IP

* Also: total efficiency (cut 4 / cut 3)
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Efficiency over distance from IP

Plots for RCut = 30 mm
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Total efficiency, over RCut

Kaon Lambda
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New Plot
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Old: cut flow in several steps before and including the VOFinder

New: cut flow along each step in the VOFinder

Example: Kaons, p =1 GeV, rCut = 30 mm

Number of events after different cuts

V0CutsCount

q-
2 -
3.
4.
- exactely one Reco V0 found, with corect pég
- V0 originated from a O particle

- exactely 2 tracks found

MC VO found

MC V0 decayed reconstructibly

at least 2 tracks found

at least one Reco VO with correct pdg found
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ﬁ

VOFinderCutsCount
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Mean
Std Dev

4577
3.031
1.64

1 - exactely 2 tracks found

2 - opposite charges

3 - radius of innermost hit

4 - vertex radius, all V0s

5 - minimum distance of tracks
& - vertex radius, V0 specific

7 - V0 mass
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Cut flow for Kaons — 2 GeV and 10 GeV

Number of events after different cuts Jifferent cuts lifferent cuts different cuts different cuts

_ VOFinderCutsCount VOFinderCutsCount VOFinderCutsCount VOFinderCutsCount VOFinderCutsCount

E Entries 11064 Entries 10760 Entries 10306 Entries 9948 Entries 9480
18007_*‘—|_|— Mean 3.693 Mean 3.614 Mean 3.487 Mean 3.379 Mean 3.224

E Std Dev 1.96 Std Dev 1.927 Std Dev 1.867 Std Dev 1.806 Std Dev 1.705
1600
1400{— —\——
1200{— —|\
1000 1 - exactely 2 tracks found
00 2 - opposite charges

3 - radius of innermast hit
800 4 - vertex radius, all V0s
400 5 - minimum distance of iracks
200 6 - vertex radius, V0 specific
o 7- V0 mass N AR AR NN PRI AP TN SIS AU P N R B P e b Lo L R S e
1 2 3 4 5 6 7 8 6 7 8 6 7 ) 6 7 8 3 7 8

rCut = 5mm 10 mm 20 mm 30 mm 50 mm

Number of events after different cuts different cuts litferent cuts different cuts different cuts
VOFinderCutsCount VOFinderCutsCount WOFinderCutsCount WOFinderCutsCount VOFinderCutsCount
- Entries 17063 Entries 16933 Entries 16754 Entries 16518 Entries 16083
2500i Mean 3.917 Mean 3.897 Mean 3.869 Mean 3.833 Mean 3.758
F StdDev  1.992 | StdDev  1.986 —I—Jm Dev 1978 utd Dev  1.966 Std Dev 1.94
2000(—
1500
1 - exactely 2 tracks found
2 - opposite charges
1000 3 - radius of innermost hit
4 - vertex radius, all V0s
500 5 - minimum distance of tracks
6 - vertex radius, VO specific
o 7 - VO mass P R IR Y P RN I Y R PRI IR RVRY PR o L L L o Lo Lol L
1 2 3 4 5 6 7 8 6 7 8 6 7 8 6 7 8 8 7 8
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Cut flow for Lambdas — 2 GeV and 10 GeV

Number of events after different cuts different cuts litferent cuts different cuts different cuts
VOFinderCutsCount VOFinderCutsCount WOFinderCutsCount VOFinderCutsCount VOFinderCutsCount
1200 — Entries 6893 Entries 6769 Entries 6567 Entries 6375 Entries 6108
:*‘—|—|; Mean  3.688 Mean  3.638 Mean  3.548 Mean  3.462 Mean  3.329
C Std Dev 1.965 Std Dev  1.945 Std Dev  1.905 Std Dev  1.861 Std Dev  1.785
1000{—
800— N —l\
1 - exactely 2 tracks found
600
2 - opposite charges
3 - radius of innermast hit
400
4 - vertex radius, all V0s
5 - minimum distance of tracks
200
6 - vertex radius, VO specific
o 7 - VO mass PRI R IR Y P PN R Y P I I IR PR A o L L L o Lo Loy L
1 2 3 4 5 6 7 8 6 7 8 6 7 8 6 7 8 8 7 8

rCut = 5mm 10 mm 20 mm 30 mm 50 mm

Number of events after different cuts different cuts lifferent cuts different cuts different cuts
WOFinderCutsCount VOFinderCutsCount WOFinderCutsCount WOFinderCutsCount VOFinderCutsCount
E Entries 15126 Entries 15077 Entries 14916 Entries 14783 Entries 14525
2200_—_“\—|— Mean 3913 Mean 3.904 Mean 3.877 Mean 3.852 Mean 3.806
2000: Std Dev 1.993 | Std Dev 1.99 ~| Std Dev 1.982 T Std Dev 1.974 Std Dev 1.959
1800—
1600
1400 —
1200 1 - exactely 2 tracks found
1000 2 - opposite charges
800 3 - radius of innermost hit
600 4 - vertex radius, all V0s
5 - minimum distance of tracks
400
6 - vertex radius, VO specific
200 pe
0 7 - VO mass PRI IR RN (P PR N PR N P R PRI IR RVRY PR TR R R S o Lo Lol L
1 2 3 4 5 6 7 8 3 7 8 6 7 8 6 7 8 8 7 8
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Backup:
Sw&Ana Premeeting slides
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DOFinder

: found MC VO

: VO decayed in charged particles
number of reco. tracks > 1

at least 1 correct VO found

+ only one reco. VO

originated from a DO

e Used full simulation of HWW?*, 100 events
* Target: look at DO decays

oOghRwnR

Do VO0s change?

Number of events after different cuts Number of events after different cuts

VOCutsCount

i . VOCutsCount
4000] Entries 13487 90 Entries 267
C Mean 2.658 C Mean 2.393
L RMS 1.423 C
3500 80 e
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DO properties - MCParticles only
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Number of events after different cuts

_ DOCutsCount
DO events cuts: 1001 - Enties 355
1: DO found in event 95F- AMS_1.315
2: number of DO found 05 -
3: decayed into >= 1 Kaon 85
4: decayed into >= 1 charged Kaon ®_
5: more than 1 parent found ~F
701
Number of events in certain decay channels 65?—
: e
r Mean 4.092 B
j RMS 1536 55:\\\I‘I\I\l\llllllll‘l\l\l\\\I‘I\I\l\llllllll‘l\l\
; 05 1 15 2 25 3 35 4 45 5 55
a DO decay channels:
- 1: leptonic (e+v_ or u+vu)
- 2: etv,
- 31 ptv,
g 4: leptonic + Kaon
ﬂ—L 5: Kaon, no leptons
: 6: no Kaons, no leptons
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Secondary particles in DO decay channels

Number of kaons in the kaon decay channel (no leptons)

KaonsInKaonChannel

C Entries 75 . . g . . T . .
ot v * Significant multiplicities in Kaons and Pions
30; -
: Kin
25
: K/ no lep
201
150
of
5"
obl !
0 2 4 6 8 10
Number of accompanying pions in the kaon decay channel (no leptons) Number of accompanying pions in the leptonic decay channel Number of accompanying pions in the pion decay channel (ne leptons, no kaons)
PionsinKaonChannel PionsinLeptonChannel PionsIinPionChannel
C - Entries 75 Entries 17 5 L - Entries 8
30— Mean  2.84 Mean 0.8824 S Mean 4.125
L RMS 1.108 RMS 0.8319 i RMS 1.166
25F ; L I
: - : T in T min
: Tt in 7 : K/
20 K / | : lep / no K 0 no
, no lep )3 _
: : i no lep
3 oL
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DO path length

 Path = abs (endpoint — vertex) for MCParticles

e Mean: 1.84 mm Path length of the MC DO

DOPath
Entries 100
Mean 1.842
RMS 2.706

40

35

30

25

20

15

10

G T
5 10

15 20 25

Ulrich Einhaus | dE/dx & VOFinder | 09.03.2018 | Page 33

OO



	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23
	Folie 24
	Folie 25
	Folie 26
	Folie 27
	Folie 28
	Folie 29
	Folie 30
	Folie 31
	Folie 32
	Folie 33

