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Introduction A\KIT

m first cosmics data from Global Cosmic Run (GCR) 2017 available
® Warmup: Reproduction of kinematic distributions, Sim vs. MC

a Current tracking validation: Matching with MC Truth
= |s a data-only approach possible?
= confirmation of MC validation
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Used GCR Data and MC AT

+ nstiut for Technologi

a use data from Global Cosmic Run (GCR) taken in July 2017

® use run numbers 3100-3370 (sugggested by Dong Thang) = total
2.8 Million cosmic events with trigger selecting central tracks

m also produced 50 Million cosmic MC events with GCR setup

m same as official MC group: large “accept box” of 8m x 8m x 8m
® no trigger in simulation, do kinematic cuts on central region (do, Zo)
= ~10 times less statistics than in data remain

Links to information on data and MC production

a Data:
https://confluence.desy.de/display/BI/Data+Production+Global+
Cosmics+Run+Data#DataProductionGlobalCosmicsRunData-Runinfo

@ MC:https://confluence.desy.de/display/BI/Data+Production+Global+
Cosmics+Run+MC
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Kinematic Distributions: Data and MC AT

for Technologie

m left data (includes trigger), right MC (without trigger)
m use (preliminary) cuts for selection of central tracks (red lines)

pr distribution in GCR data pr distribution in cosmics simulation
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a pr distributions seem similar, but more events with w = 0
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® modulation in ¢g due to varying trigger efficiencies
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dy distribution in GCR data

dy distribution in cosmics simulation
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m distribution in MC due to lack of trigger much wider, use cuts on
central region
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Id_ea:. Cosm_lcfs-based Estimation of AT
Finding Efficiency

m Typical event: Single muon track, usually no secondaries
a tracks passing through the central SVD volume are split

a reconstructed as two NonMergedRecoTracks, which are then
merged to RecoTracks

a get estimate of finding efficiency from events where two tracks
expected, but only one found (finding fails)
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Ic!ea:. Cosm_lc.s-based Estimation of QAT
Finding Efficiency

m Typical event: Single muon track, usually no secondaries
a tracks passing through the central SVD volume are split

a reconstructed as two NonMergedRecoTracks, which are then
merged to RecoTracks

a get estimate of finding efficiency from events where two tracks
expected, but only one found (finding fails)

N2 tracks found —1_ N1 track found

2 tracks expected Ny tracks expected

Finding efficiency =

where Nl track found, N2 tracks found, € N2 tracks expecteds SO that
Nl track found 1 N2 tracks found = N2 tracks expected-
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Selection of Expected Events with two
N
Tracks in MC and Data (IT

m need to select events where 2 (findable) RecoTracks are expected
m this needs to be independent of actual number of tracks in event
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Selection of Expected Events with two
Tracks in MC and Data

m need to select events where 2 (findable) RecoTracks are expected
m this needs to be independent of actual number of tracks in event

® use cuts:

a kinematic cuts on ay, o, . ..to select events where tracks went through
SVD volume
a cuts on hit content, e.g. minimum amount of CDC hits, hit positions?
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Selection of Expected Events with two
N
Tracks in MC and Data (IT

need to select events where 2 (findable) RecoTracks are expected

m this needs to be independent of actual number of tracks in event
| use cuts:
a kinematic cuts on ay, o, . ..to select events where tracks went through
SVD volume

a cuts on hit content, e.g. minimum amount of CDC hits, hit positions?

m the choice of cuts and the assessment of the selection quality require
MC truth

m Problem: Tracks not split in MC, only one MCRecoTrack per particle
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Split MC Tracks on At between Hits AT

+ nstitut for Technologi

a split MCRecoTrack when time between subsequent CDCSimHits is
larger than chosen At

® add new parameter SplitAfterDeltaT to
TrackFinderMCTruthRecoTracksModule

a pull request has already been merged

a choose high enough At to only split on passing through SVD volume

. At distribution over all hits of each track Distribution of maximum At in each track
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https://stash.desy.de/projects/B2/repos/software/pull-requests/737

Split MC Tracks on At between Hits %(“

+ nstitut for Technologie

a split MCRecoTrack when time between subsequent CDCSimHits is
larger than chosen At

@ add new parameter SplitAfterDeltaT to
TrackFinderMCTruthRecoTracksModule

a pull request has already been merged

a choose high enough At to only split on passing through SVD volume

At distribution over all hits of each track Distribution of maximum At in each track
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Split MC Tracks on At between Hits %(“

+ nstitut for Technologie

a split MCRecoTrack when time between subsequent CDCSimHits is
larger than chosen At

@ add new parameter SplitAfterDeltaT to
TrackFinderMCTruthRecoTracksModule

a pull request has already been merged

a choose high enough At to only split on passing through SVD volume

At distribution over all hits of each track Distribution of maximum At in each track
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Split MC Tracks on At between Hits %(“

+ nstitut for Technologie

a split MCRecoTrack when time between subsequent CDCSimHits is
larger than chosen At

@ add new parameter SplitAfterDeltaT to
TrackFinderMCTruthRecoTracksModule

a pull request has already been merged

choose high enough At to only split on passing through SVD volume

a method not yet used, still a WIP

At distribution over all hits of each track Distribution of maximum At in each track
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Naive, preliminary Cuts for testing (not 0T
from MC)

a MC truth for cut opimization and testing has just become available, not
used yet
a before that, | still wanted to test the method for efficency estimation

a previously shown kinematic cuts to select central events:
|do| < 10cm, —50cm < zp < 125¢cm, |tan A| < 1

m chose preliminary, “intuitive” cuts on hit content, based on distributions
of hit content with 1/2 found tracks

First look at Cosmic CDC Tracks and Ideas for Estimating the Finding Efficiency - Michael Eliachevitch 19 September 2018 16/25



Naive, preliminary Cuts for testing (not 0T
from MC)

a MC truth for cut opimization and testing has just become available, not
used yet

a before that, | still wanted to test the method for efficency estimation

a previously shown kinematic cuts to select central events:
|do| < 10cm, —50cm < zp < 125¢cm, |tan A| < 1

a chose preliminary, “intuitive” cuts on hit content, based on distributions
of hit content with 1/2 found tracks

Naive selection of candidate events for efficiency estimation

cuts on hit content for one track events only:
a # hits in events > 85
a # missing CDC hits > 45%
a Uncontrolled systematics, biased, just for testing!
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F“alse Finding ,I,=a|I Candidate A&AT
(“Background”)

® many tracks leave acceptance after passing through SVD volume
a this event leaves enough hits in the second hough to pass through my
naive cuts on hit content — need for more sophisticated methods

Back

D=
BonMergedecotrackslo)

jedRecoTracks[0]

NonMer
Previos

Related Objects
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WIP: Future Selection of Candidate AT
Events

m choose cuts and analyze systematics based on MC Truth (from
SplitAfterDeltaT and further constraints)

a candidate events with two expected tracks chosen without knowledge
of how many tracks were found
® more sophisticated selection methods, use hit positions
m e.g. select tracks where |3, zj| < Az
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Distributions of the number of

MC without cuts
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MC with cuts on hit content
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Total CDC Hits vs. Matched CDC Hits AT
In MC:

one track events without cuts two track events without cuts
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Total CDC Hits vs. Matched CDC Hits g\(IT
In Data:

one track events without cuts two track events without cuts
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“Efficiency” Profiles with Naive Cuts AT

Karisruher Insttut 0 Technologie

Results for N»/(N; + N2) with naive cuts. Not neccessarily related to
actuall efficiency yet!

Reconstruction based finding efficiency over dg

Reconstruction based finding efficiency over pr
with GCR 2017 cosmics

with GCR 2017 cosmics

10°
- 10 =+ data
~ £ -
= -1 - ~
~[Z 6x10 + - -
+ =% g -
=L 08 e
>
2 4x10t ]
5 $ 08
S 3x10 =
£ £
07
E 2x107t 2
£ £
£ 2 os
£
+ + data
10t 05
0 1 2 3 4 5 -4 -2 0 2 4

pr estimate (GeV) do estimate (cm)

First look at Cosmic CDC Tracks and Ideas for Estimating the Finding Efficiency - Michael Eliachevitch 19 September 2018 23/25



Reconstruction based finding efficiency over zg

Reconstruction based finding efficiency over tanA
with simulated cosmics

with GCR 2017 cosmics
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Outlook / TODO AT

a get MC information on number of Reco Tracks with
SplitAfterDeltaT and use it to test our methods

a with MC information, develop more sophisticated selection of events
with two findable tracks

a finding efficiency profiles should be the same on MC and data
u see if efficiency profiles are similar to those of MC Matcher Truth
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Backup
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Example Finding Fail Event AT

Karisruher Insttut 0 Technologie

Nomegedrecotracketol

NonMergedRecoTracks[0]

i
i > Recal tinformar
thi > RecoHtinlorn

/ i > Recalinfor
- / thi > Recortinformationdfs]

Recol tinformat
thi > RecoHIInormations 141
i > Recalitinformarione 15
thi > Recortinformations 6]
thi > hecal

Jitinto
> Recoritinformations 18]

sye

NonMergesecaTrackso) TEvoTrack]
TEveEment

Snow: ¥ sail ¥ Chigron

arer
W 03

I orawstrker 7 oraw Line
I Sroothine

TeveTiack

First look at Cosmic CDC Tracks and Ideas for Estimating the Finding Efficiency - Michael Eliachevitch 19 September 2018 27/25



Kinematic Distributions with Kinematic
Cuts | =N1f

pr estimate distribution in GCR data 030 PT estimate distribution in GCR simulation
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Kinematic Distributions with Kinematic art
Cuts i =N1f
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C_ode for Splitting Tracks in MC Track QAT

std::vector< std::vector<TimeHitIDDetector> > hitsWithTimeAndDetectorInformationVectors;

if (m_splitAfterDeltaT < 0.0) { // no sp I only contain a
hitsWithTimeAndDetectorInformationVectors.push_ back(hltsztthmeAndDetectarInfcrmatlon)

} else { // split on de

ng, vector wi

subtrack,

std::vector<TimeHitIDDetector >::size_type splitFromIdx = 0; // g
for (std::vector<TimeHitIDDetector>::size_type i = 1; i != h1tsW1thT1meAndDetectorInformatlt

double delta_t = (std::get<0>(hitsWithTimeAndDetectorInformation([i])
- std::get<0>(hitsWithTimeAndDetectorInformation[i - 11));

if (delta_t > m_ splltAfterDeltaT) {
sh sl “F hTimeAndDe
h1tsztthmeAndDetectorlnformat1onVectors
.emplace_back(hitsWithTimeAndDetectorInformation.begin() + splitFromIdx,
hitsWithTimeAndDetectorInformation.begin() + i);
splitFromIdx = 1i;
}

// p

comidz and prevs:

}

// add su

h1tsztthmeAndDetectorlnformat1onVectors

.emplace_back(hitsWithTimeAndDetectorInformation.begin() + splitFromIdx,
hitsWithTimeAndDetectorInformation.end ());

ck after

g to
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Track Numbers with different Cuts |

Karisruher Insttut 0 Technologie

a with no cuts:

simulated GCR cosmics

1e6 GCR1 data 1e6 including non-central tracks
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m with kinematic cuts:

simulated GCR cosmics

20 1e6 GCR1 data 1e5 with kinematic cuts
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Track Numbers with different Cuts Il AT

Karisruher Insttut 0 Technologie

a with cuts on hit content:

simulated GCR cosmics

20 l€6 GCR1 data 10 165 with kinematic cuts
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Runinfo for GCR data used by me |

AT

Karisruher Insttut 0 Technologie

Run Date Run time Run Type CDC TOP ECL KLM TRG Trig type
3370 2017-07-13 00:07:25 1679.0 cosmic ON ON ON ON ON aux
3369 2017-07-12 22:58:35 4061.0 cosmic ON ON ON ON ON aux
3368 2017-07-12 21:58:58 3486.0 cosmic ON ON ON ON ON aux
3367 2017-07-12 20:52:52 3866.0 cosmic ON ON ON ON ON aux
3366 2017-07-12 20:28:56 1338.0 cosmic ON ON ON ON ON aux
3365 2017-07-12 20:15:13 697.0 cosmic ON ON ON ON ON aux
3364 2017-07-12 20:11:37 130.0 cosmic ON ON ON ON ON aux
3363 2017-07-12 19:34:08 2167.0 cosmic ON ON ON ON ON aux
3362 2017-07-12 19:23:05 564.0 cosmic ON ON ON ON ON aux
3361 2017-07-12 17:38:31 2632.0 cosmic ON ON ON ON ON aux
3360 2017-07-1217:26:13 641.0 cosmic ON ON ON ON ON aux
3359 2017-07-12 17:23:03 65.0 cosmic ON ON ON ON ON aux
3332 2017-07-12 02:04:41 25316.0 cosmic ON ON ON ON ON aux
3330 2017-07-12 00:39:35 4918.0 cosmic ON ON ON ON ON aux
3329 2017-07-11 23:39:51 3343.0 cosmic ON ON ON ON ON aux
3328 2017-07-11 22:18:02 4808.0 cosmic ON ON ON ON ON aux
3327 2017-07-11 22:02:38 842.0 cosmic ON ON ON ON ON aux
3322 2017-07-11 19:53:51 2298.0 cosmic ON ON OFF ON ON aux
3321 2017-07-11 19:19:15 1991.0 cosmic ON ON OFF ON ON aux
3318 2017-07-11 18:50:44 1285.0 cosmic ON ON OFF ON ON aux
3317 2017-07-11 18:44:00 265.0 cosmic ON ON OFF ON ON aux
3315 2017-07-11 18:23:10 266.0 cosmic ON ON OFF ON ON aux
3314 2017-07-11 18:19:25 55.0 cosmic ON ON ON ON ON aux
3313 2017-07-11 18:09:17 518.0 cosmic ON ON OFF ON ON aux
3312 2017-07-11 18:06:47 56.0 cosmic ON ON ON ON ON aux
3311 2017-07-11 17:45:13 1232.0 cosmic ON ON ON ON ON aux
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Runinfo for GCR data used by me Il
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Runinfo for GCR data used by me Il
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“Efficiency” Profiles including MC

Approximation of trigger in MC is not well implemented yet, thus such
different results. WIP.

Reconstruction based finding efficiency over pr Reconstruction based finding efficiency over do
100 with GCR 2017 cosmics with GCR 2017 cosmics
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Reconstruction based finding efficiency over zo

Reconstruction based finding efficiency over tanA
with simulated cosmics

with GCR 2017 cosmics
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