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SV'T Hits

A number of events and runs from 2019 have large numbers of
SVT hits.

o Some appear to be pathological whereas others appear to be simply
iIncreased occupancy.

Fitting the APV25 waveforms for these hits consumes large
amounts of CPU time.

Handling such large numbers of hits also drastically slows the
track-finding pattern recognition.

o Particularly acute for the SeedTracker which combines axial and
stereo hits to make 3D spacepoints, resulting in many more “ghost”
hits.

Need a strategy / strategies to handle these runs/events.

We currently spend the time to fit all of these hits, cluster them,
then zero out the StripClusterer SiTrackerHit1D collection if it
has more than 200 hits.

This saves “tracking” time, but wastes all the APV25 fitting time!

I've shown how to analyze the raw APV25 waveform before
fitting to identify “bad” channels. (Not the topic of this talk.)
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hps_010515 Hits per event by sensor
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hps_010515 Hits per event by sensor
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SV'T Hit times

We use hit times to:

o associate neighboring strips into 1D hits
0 associate axial and stereo hits into 3D hits
o compare track time to cluster time

o compare track time to other tracks/clusters
| wanted to check this...

Start at the bottom, looking at strip clustering

o Currently associate neighboring strip hits if they are
within 8ns of each other.



Two-Strip Clusters delta time

module_L4h_halfmodule_axial_sensorl 2 strip cluster delta time

Entries : a3
Mean :-2.3586
38T Fms: 21.905

wt Howdid
wt+ these get
%t here?

Cut at 8ns

18T




‘ Raw Tracker Hits

i

LCSim Event
Run:10515 Event: 55&134

(o [@ (&=

----- # HelicalTrackHitRelations

----- # HelicalTrackHits

----- # HodoCalHits

----- # HodoGenericClusters

----- # HodoReadoutHits

----- # KFGBELStripClusterData

----- # KFGBLStripClusterDataRelations

----- # KFTrackData

----- # KFTrackDataRelations

----- # KalmanFulTracks

----- # MatchedToGBELTrackRelations

----- # MatchedTracks

----- # OtherElectrons

""" # RFHits

----- # RotatedHelicalTrackHitRelations

----- # RotatedHelicalTrackHits

----- # SVTFittedRawTrackerHits
SVTRawTrackerHits

----- # SVTShapeFitParameters

----- # StripClusterer_SiTrackerHitStrip1D

..... ., TEBank

----- # TargetConstrainedvViCandidates

----- # TargetConstrainedViCandidates_KF

----- # TargetConstrainedViVertices

----- # TargetConstrainedViVertices_KF

----- # TrackData

----- # TrackDataRelations

----- # TriggerBank

----- # UnconstrainedV0Candidates

----- # UnconstrainedV0Candidates_KF

----- # UnconstrainedVOVertices

----- # UnconstrainedVVertices_KF

----- # UnconstrainedVcCandidates

----- # UnconstrainedVcCandidates_KF

----- # UnconstrainedVcVertices

----- # UnconstrainedVcVertices_KF

----- # VTPBank

Collection: SVIRawTrackerHits size:T781 flags:B80000000
EeadoutName: TrackerHits
Time CelllD ADCValues

3405909070349

[4716,4728,4812, 4895, 4896, 4345]

10947/371653497

[5400,5460,6340,6488,5 148, 59.28]

10930691739313

[5580,5516, 5760, 58498, 5888, 5720]

90194334721

[4728,4740,5788,6144, 5808, 5532]

3370891269633

[6256,5804, 5508, 5232,5200,5124]

3073833493505

[5056,5052,6896,6955,5316, 5860]

3353711400449

[5092, 5068, 5248,5175,6020, 56.56]

3061653624321

[5048,5080,6980,6712,6152, 5760]

261993014735

[6872,6332,5920,5558,5436, 5304]

227033270417

[5524,5484, 5324, 5252, 5234, 5224]

485331314177

[5796,5552,5312,5115,5020,4896]

8422430877185

[5128,5144,6395,6352,5052, 5676]

5690831675929

[5180,5180,5575,5528,5452, 5316]

73014453751

[4964,5080,5124, 5575, 5560, 5383]

458151444993

[5844,5580, 5384, 5080, 5075, 5052]

8405251008001

[5036,5020, 5412, 5440,5292, 5280]

330712491521

[4356, 5044, 4952, 5044, 5212, 5303]

55834584577

[5440,5212, 5856, 5308, 5144, 5844]

450971575309

[5468, 5575, 5628, 5324,5216, 5072]

38654715393

[5064,5128, 5240, 5404, 5356, 5324]

279172833968

[5132,5758, 5604, 5340, 5308, 5240]

261993014273

[5072,5115,6224,5175,5340, 5520]

7633096501249

[5624,5636,6912,7048,6568,5196]

8645759175553

[5896,6040,6208,5200,6080, 5340]

F271379640833

[5588,5536,5440,5396,5372,5232]

107374191617

[5504,5424,5275,5124,5060,4376]

3423088944129

[5252,5238,5260,5180,5176,5132]

6721023326945

[5288,5344, 5268, 5340,5400, 5343]

7254199771649

[5388,5504, 5412, 5484,5492, 5444]

3234110332593

[5328,5304,5244,5140,5140, 5100]

7649336762881

[5384,5375,5428,5412,5408,5377]

5879510235929

[5228,5354,5416,5396,5336,5257]

530870920705

[5288,5324,5496,5160,5 100, 5904]

RawTrackerHits are simply
the channel ID and the
APV25 waveform

v




‘ Shape Fit Parameters

i

LCSim Event
Run:10515 Event: 5517134

(o [@ (&=

HelicalTrackHitRelations
HelicalTrackHits

HodoCalHits
HodoGenericClusters
HodoReadoutHits
KFGBLStripClusterData
KFGELStripClusterDataRelations
KFTrackData
KFTrackDataRelations
KalmanFulTracks
MatchedToGBLTrackR.elations
MatchedTracks

OtherElectrons

RFHits
RotatedHelicalTrackHitRelations
RotatedHelicalTrackHits
SVTFittedRawTrackerHits
SVTRawTrackerHits
SVTShapeFitParameters
StripClusterer_SiTrackerHitStrip1D
TSBank
TargetConstrainedV0Candidates
TargetConstrainedV0Candidates_KF
TargetConstrainedViVertices
TargetConstrainedViVertices_KF
TrackData

TrackDataRelations

TriggerBank
Unconstrainedy0Candidates
UnconstrainedV0Candidates_KF
UnconstrainedyOVertices
UnconstrainedyOVertices_KF
UnconstrainedVcCandidates
UnconstrainedVcCandidates_KF
UnconstrainedvcVertices
UnconstrainedVcVertices_KF
VTPBank

Collection: SVIShapeFitParameters size:831 flags:80000000
index | nInt | intValues | nFloat | floatValues | nDouble doubleValues
ol oln ol 5/[10.490,13. 714, 189,05,440,06, . 98783] A
1| oln ol 5/[-.58319,4.3040,1123.4,523.98,.57658]
2l ol ol 5[6.7724,22,709,370.08,452. 44, . 51245]
3 o olg 5|[.91877,1.3530,1457. 2,499, 21,.91069] .
4 ol olg 5/[55. 168,6. 2069, 289, 19,351, 32,.91069] Shape f|t
51 oln olg 5/[-75.882,Nal, 1374.5,403.54,.90908]
s ol olg 5/[-3.1790,2. 1975,2175. 2,299,64,.30399] pa ra mete rs are
71 oo olg 5|[57.274,11.772,213.75,200.75,.30399] 2
s o0 olg 5/[15.355,MaM, 1116.2,318.64,.97571] Stored N
g ol olg 5/[-4.5452,6.5447,1972.7,322.02,.21418] : 3
10/ ol olg 5[[-64. 764,Nal, 1719.9,443.38,.71391] G enerl CO bJ eCtS
11 ol olg 5|[-63.784,Nal, 393, 28,46 7.88,.95121]
12 ol alg 5/[-60.271,17. 181,979, 13, 379.98, .50508]
13 o[ alg 5/[-2.0686,8.3982, 1397. 2, 341. 12, .51697]
14| o[ alg 5/[-3.5517,12.060,424.03, 304.68,.93208]
15 o[ ol 5|[20.872,7.9733,430.38,422. 75, . 44655]
16 ol ol 5[-62.806,Nal,951.00,405.59,.58533]
17 o(d o(d 5|[-. 59433,MaM, 395.00,334.43,.81723]
13 o(d o(d 5/[24.958,13.848,1314.3,353.04,.33335]
19 o(d o(d 5/[-60.683,5.6062,1202.6,337. 34,.83365]
20 o(d 0|0 5/[20.139,1.2424,629.02,375.76,.33868]
21 o(d 0|0 5/[-68.539,10. 285, 1641.6,313.73,.47379]
22 o(d 0|0 5/[2.6222,11.850,181.31,319.71,.47375]
23 0|0 0|0 5/[14. 266,25.408,214.43,5583. 27,.35008]
24 0|0 0|0 5|[-73.271,31.755,1024. 3,415.74,.83435]
25 0|0 0|0 5/[-2.4211,4.6205,1061.4,345.17,.25113]
26 0|0 0|0 5|[-.75519,6.2335,1570. 1,455.83,.90758]
27 0|0 0|0 5|[-11.440,MaM, 233, 30,351.56,. 75395]
23 0|0 0|0 5|[-56.617,MaM,335.33,409,39,.82052]
29 0|0 0|0 5|[-76.330,133.03,490.02,412,58,.37449]
30 0|0 0|0 5|[-49.365,MaM, 163.47,319.58,.97422]
31 0|0 0|0 5/[31.820,9.5576,148.56,274.70,.90199]
32 0|0 0|0 5|[-52.791,12.774,116.37,323. 14,.90199]
33 0|0 0|0 5/[258.640,5.58122,172.58,3589. 14,.93111] 10+




‘ FittedRaw T rackerHits

i

LCSim Event
Run:10515 Event: 5517134

(o [@ (&=

----- # HelicalTrackHitRelations

----- # HelicalTrackHits

----- # HodoCalHits

----- # HodoGenericClusters

----- # HodoReadoutHits

----- # KFGBELStripClusterData

----- # KFGBLStripClusterDataRelations

----- # KFTrackData

----- # KFTrackDataRelations

----- # KalmanFulTracks

----- # MatchedToGBELTrackRelations

----- # MatchedTracks

----- # OtherElectrons

""" # RFHits

----- # RotatedHelicalTrackHitRelations

----- # RotatedHelicalTrackHits
SVTFittedRawTrackerHits

----- # SVTRawTrackerHits

----- # SVTShapeFitParameters

----- # StripClusterer_SiTrackerHitStrip1D

..... ., TEBank

----- # TargetConstrainedvViCandidates

----- # TargetConstrainedViCandidates_KF

----- # TargetConstrainedViVertices

----- # TargetConstrainedViVertices_KF

----- # TrackData

----- # TrackDataRelations

----- # TriggerBank

----- # UnconstrainedV0Candidates

----- # UnconstrainedV0Candidates_KF

----- # UnconstrainedVOVertices

----- # UnconstrainedVVertices_KF

----- # UnconstrainedVcCandidates

----- # UnconstrainedVcCandidates_KF

----- # UnconstrainedVcVertices

----- # UnconstrainedVcVertices_KF

----- # VTPBank

Collection: SVIFittedRawIrackerHits size:831 flags:0
From To Weight
SVTRawTrackerHits[0]  [SVTShapeFitParameters[0] 0.0000 A
SVTRawTrackerHits[1]  [SVTShapeFitParameters[1] 0.0000
SVTRawTrackerHits[2]  [SVTShapeFitParameters[2] 0.0000
swTrawTrackertits[3]_svishaperitrarameters(z] | 0.0000, | CRelation connects
SVTRawTrackerHits[3]  [SVTShapeFitParameters[4] 0.0000 .
svTRanTrackerrits[4]  [svTshaperitrarameters[s] | 0.0000, the Raw TrackerHit to the
SVTRawTrackerHits[5]  [SVTShapeFitParameters[s] 0.0000 .
SVTRawTrackerHits[5]  |SWTShapeFitParameters[7] | 0.0000] S h a pe pa ram ete rs fltted
SVTRawTrackerHits[8]  [SVTShapeFitParameters[3] 0.0000
SVTRawTrackerHits[7]  |[SVTShapeFitParameters[3] | 0.0000 to th e APV2 5 WaVGfO rm
SVTRawTrackerHits[8]  [SVTShapeFitParameters[10] | 0.0000
SVTRawTrackerHits[8]  [SVTShapeFitParameters[11] | 0.0000
SWTRawTrackerHits[10]  [SVTShapeFitParameters[12] | 0.0000
SVTRawTrackerHits[11]  [SVTShapeFitParameters[13] | 0.0000
SVTRawTrackerHits[12]  [SVTShapeFitParameters[14] | 0.0000
SVTRawTrackerHits[13]  [SVTShapeFitParameters[15] | 0.0000
SVTRawTrackerHits[14]  [SVTShapeFitParameters[16] | 0.0000
SVTRawTrackerHits[15]  [SVTShapeFitParameters[17] | 0.0000
SVTRawTrackerHits[18]  [SVTShapeFitParameters[18] | 0.0000
SVTRawTrackerHits[17]  [SVTShapeFitParameters[18] | 0.0000
SVTRawTrackerHits[17]  [SVTShapeFitParameters[20] | 0.0000
SVTRawTrackerHits[18] [SVTShapeFitParameters[21] | 0.0000
SVTRawTrackerHits[18]  [SVTShapeFitParameters[22] | 0.0000
SWTRawTrackerHits[19]  [SVTShapeFitParameters[23] | 0.0000
SWTRawTrackerHits[20]  [SVTShapeFitParameters[24] | 0.0000
SWTRawTrackerHits[21]  [SVTShapeFitParameters[25] | 0.0000
SWTRawTrackerHits[22]  [SVTShapeFitParameters[26] | 0.0000
SWTRawTrackerHits[23]  [SVTShapeFitParameters[27] | 0.0000
SWTRawTrackerHits[24]  [SVTShapeFitParameters[23] | 0.0000
SWTRawTrackerHits[25]  [SVTShapeFitParameters[29] | 0.0000
SWTRawTrackerHits[26]  [SVTShapeFitParameters[30] | 0.0000
SWTRawTrackerHits[27]  [SVTShapeFitParameters[31] | 0.0000
SWTRawTrackerHits[27]  [SVTShapeFitParameters[32] | 0.0000
SWTRawTrackerHits[28]  [SVTShapeFitParameters[33] | 0.0000 11w




‘ FittedRaw T rackerHits

i

LCSim Event
Run:10515 Event: 5517134

(o [@ (&=

----- # HelicalTrackHitRelations

----- # HelicalTrackHits

----- # HodoCalHits

----- # HodoGenericClusters

----- # HodoReadoutHits

----- # KFGBELStripClusterData

----- # KFGBLStripClusterDataRelations

----- # KFTrackData

----- # KFTrackDataRelations

----- # KalmanFulTracks

----- # MatchedToGBELTrackRelations

----- # MatchedTracks

----- # OtherElectrons

""" # RFHits

----- # RotatedHelicalTrackHitRelations

----- # RotatedHelicalTrackHits
SVTFittedRawTrackerHits

----- # SVTRawTrackerHits

----- # SVTShapeFitParameters

----- # StripClusterer_SiTrackerHitStrip1D

..... ., TEBank

----- # TargetConstrainedvViCandidates

----- # TargetConstrainedViCandidates_KF

----- # TargetConstrainedViVertices

----- # TargetConstrainedViVertices_KF

----- # TrackData

----- # TrackDataRelations

----- # TriggerBank

----- # UnconstrainedV0Candidates

----- # UnconstrainedV0Candidates_KF

----- # UnconstrainedVOVertices

----- # UnconstrainedVVertices_KF

----- # UnconstrainedVcCandidates

----- # UnconstrainedVcCandidates_KF

----- # UnconstrainedVcVertices

----- # UnconstrainedVcVertices_KF

----- # VTPBank

Collection: SVIFittedRawIrackerHits size:831 flags:0
From To Weight
SVTRawTrackerHits[0]  [SVTShapeFitParameters[0] 0.0000 A
SVTRawTrackerHits[1]  [SVTShapeFitParameters[1] 0.0000
SVTRawTrackerHits[2]  [SVTShapeFitParameters[2] 0.0000
svTRawTrackertits[3] _[SvTshaperitrarameters[s] | 0.0000, Sometimes have two pu]ses
SVTRawTrackerHits[3]  [SVTShapeFitParameters[4] 0.0000 .
svTRanTrackerrits(4]  SvTshaperitrarameters(s] | 0.0000, fif tO the APV25 waveform
SVTRawTrackerHits[5]  [SVTShapeFitParameters[s] 0.0000
SVTRawTrackerHits[5]  [SVTShapeFitParameters[7] 0.0000
SVTRawTrackerHits[8]  [SVTShapeFitParameters[3] 0.0000
SVTRawTrackerHits[7]  [SVTShapeFitParameters[3] 0.0000
SVTRawTrackerHits[8]  [SVTShapeFitParameters[10] | 0.0000
SVTRawTrackerHits[8]  [SVTShapeFitParameters[11] | 0.0000
SWTRawTrackerHits[10]  [SVTShapeFitParameters[12] | 0.0000
SVTRawTrackerHits[11]  [SVTShapeFitParameters[13] | 0.0000
SVTRawTrackerHits[12]  [SVTShapeFitParameters[14] | 0.0000
SVTRawTrackerHits[13]  [SVTShapeFitParameters[15] | 0.0000
SVTRawTrackerHits[14]  [SVTShapeFitParameters[16] | 0.0000
SVTRawTrackerHits[15]  [SVTShapeFitParameters[17] | 0.0000
SVTRawTrackerHits[18]  [SVTShapeFitParameters[18] | 0.0000
SVTRawTrackerHits[17]  [SVTShapeFitParameters[18] | 0.0000
SVTRawTrackerHits[17]  [SVTShapeFitParameters[20] | 0.0000
SVTRawTrackerHits[18] [SVTShapeFitParameters[21] | 0.0000
SVTRawTrackerHits[18]  [SVTShapeFitParameters[22] | 0.0000
SWTRawTrackerHits[19]  [SVTShapeFitParameters[23] | 0.0000
SWTRawTrackerHits[20]  [SVTShapeFitParameters[24] | 0.0000
SWTRawTrackerHits[21]  [SVTShapeFitParameters[25] | 0.0000
SWTRawTrackerHits[22]  [SVTShapeFitParameters[26] | 0.0000
SWTRawTrackerHits[23]  [SVTShapeFitParameters[27] | 0.0000
SWTRawTrackerHits[24]  [SVTShapeFitParameters[23] | 0.0000
SWTRawTrackerHits[25]  [SVTShapeFitParameters[29] | 0.0000
SWTRawTrackerHits[26]  [SVTShapeFitParameters[30] | 0.0000
SWTRawTrackerHits[27]  [SVTShapeFitParameters[31] | 0.0000
SWTRawTrackerHits[27]  [SVTShapeFitParameters[32] | 0.0000
SWTRawTrackerHits[28]  [SVTShapeFitParameters[33] | 0.0000 12




Multiple Fits APV25 Waveform
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‘Multiple Fits APV25 Waveform

11 vs 2
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Multiple Fits APV25 Waveform

107
26T
25+
24+
23+
22+
21+
20+
191
181
171
16T
15+
141
1.3+
1.2+
11+
1.0+
0.9+
0.8+
0.7+
06T
051
0.4+
0.3t
0.2t
011

aida1620038607580654 222 aida - fittedHitsAnalysis

Simply selecting the earlier (or later) of the
two fitted times loses a significant number
of “good” hits.

“Good” defined as hits with t0 ~ 0.

== garly hit10

== |ate hitt0
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1 1
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Multiple Fits APV25 Wavetorm

¥107
30

287
26T
247
22T
207
1.8
1.6
1471
127
1.07
naT
06T
0.4

02T

aida1620038607580654222 aida - fittedHitsAnalysis

Selecting the hit closer to zero picks up
all the “good” hits.

“Good” defined as hits with t0 ~ 0.
Should we then simply drop the other fit?

In principle could also check the quality
of the t0 fit by comparing time uncertainty.
But the current fitter often returns NaN for
the time uncertainty.

Could this be fixed using migrad?

==hitt0 closerto 0
== hit 10 farther from 0
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Two-Strip Clusters delta time

module_L4h_halfmodule_axial_sensorl 2 strip cluster delta time

40— Entries : 98
Mean :-2.3586

BT Fms: 21.804

6T

34T N

32__ P L] L]

i ointing to
. 9 Cut at 8ns

s+ wrong pulse
2+ fitin two-
2“7 pulse
waveforms.
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SV'T Hit Times

Selecting strip clusters with two strips, analyze

times on these two adjacent

module_L2b_halfmodule_axial_sensor0d 2 strip cluster time 1

strips.

module_L2b_halfmodule_axial_sensor0 2 strip clustertime 2

Clear evidence for T H Haa 09727 | o1 2405
. . Rms: 51703 Rms: 5.1460

clipping. oy { : { 1ot

Can we get better i

time resolution with

better fits?

Can we use time fit

uncertainty? (IJ 1I0 == 3I0 B -20 -10 0 10 20 30

Could using migrad
help?

dule_L2b_halfmodule_axial_sensor 2 strip cluster delta ti

module_L2b_halfmodule_axial_sensord 2 strip clustertime 1 vs time 2

Entries - 987N 36 Entries: 987
Are there e ozests N T Sean 0T
. 251 BMean: 1.2408
amplltUde- ot YRms: 51460
dependent time- o]
walk effects? 5]
od
-5
Should we simply m
A5+ B
open up the | 0t " | | | |
Window? 10 15 20 1o 0 10 2 10

18



Proposals

Only accept a single valid fit per APV25 waveform
o If two fits are found, select the one with tO closer to zero.
o Resolves issues with LCRelations pointing to wrong fit

o Eliminates hits that won’t be used anyway.
a

Only selecting the “good” hits by defining the hits to be “good” is
a tautology. Need to be careful.

Open up the time window for clustering adjacent strips

2 Would reduce the number of strip clusters used in track finding

Two adjacent strips outside the current time window would give us two
single-strip hits instead of one two-strip hit.

o Would (perhaps) improve the track quality

The two-strip hit would have a better-measured position and amplitude.

o Might increase the backgrounds caused by out-of-time hits or
noise.

o Needs some more study. 1
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