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Why are WE doing such an analysis?

How did we get here?
Initial idea: relate SpacePoints and TrueHits

> make MC information easily available for SpacePoints if
needed

Problem: not so straight forward as anticipated
Idea: Check the positions of both, when we already have
both of them at hand

> Possibility of discovering some hidden issues
> Position is the only information stored in SpacePoint (at the

moment)

Then: ’This seems interesting, let’s see whats behind it’
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Issue presented at F2F in Prague

Position residuals vs. TrueHit position, with ’issue cases’:
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What happened since then (last 2-3 months)

disentangling of modules (alongside some refactoring
work) → relating TrueHits and SpacePoints now in
SpacePoint2TrueHitConnector
implementation of algorithm for finding the related TrueHits
to a SpacePoint now with multimap (previously done with
vectors)
finding the ’right’ TrueHit is still not straight-forward! (and
there may be new issues!)
However the issue presented in Prague could be tracked
down to stem from Ghosthits!
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Relating TrueHits and SpacePoints

Generic case for relating SpacePoints with TrueHits
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Why this took so long

Figure : What happened? (from http://xkcd.com/1319/)
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Remarks on the Methodology

To have comparable results and some statistics:
1 simulate 10k events with EvtGen without

digitizing/clusterizing
2 digitize/clusterize with different random seeds to identify

outliers from digitizing (noise,...)

Recent update of modules for digitizing/clusterizing in SVD
(r16619)
→ step 2 done with ’old’ (pre r16619) and ’new’ version to see
possible changes
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Position Residuals

Position Residuals vs. Position, Layer 3 U old Digitizer
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Position Residuals

Position Residuals vs. Position, Layer 3 U new Digitizer
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Position Residuals

Position Residuals vs. Position layer 3 V old Digitizer

SpacePoint position [cm]
6− 4− 2− 0 2 4 6

S
pa

ce
P

oi
nt

 -
 T

ru
eH

it 
Lo

ca
l V

 p
os

iti
on

 [c
m

]

0.05−

0.04−

0.03−

0.02−

0.01−

0

0.01

0.02

0.03

0.04

0.05
LocalV_layer_3_scatter_1_option_140_nRel_0_posResidual

Entries  115236

Mean x  0.7507

Mean y 0.0005907− 
RMS x   3.742

RMS y  0.004901

       0     102       0

       0  115038       0

       0      96       0

LocalV_layer_3_scatter_1_option_140_nRel_0_posResidual

Entries  115236

Mean x  0.7507

Mean y 0.0005907− 
RMS x   3.742

RMS y  0.004901

       0     102       0

       0  115038       0

       0      96       0

Position Residuals Local V on Layer 3, relation Status: 140

Rudolf Frühwirth, Jakob Lettenbichler, Thomas Madlener 10



Introduction Reminder Position Analysis Conclusion Supplementary

Position Residuals

Position Residuals vs. Position layer 3 V new Digitizer
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Position Residuals

distribution per sensor, layer 3 U old Digitizer
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Position Residuals

distribution per sensor, layer 3 U new Digitizer
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Position Residuals

distribution per sensor, layer 3 V old Digitizer
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Position Residuals

distribution per sensor, layer 3 V new Digitizer
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Pulls

Pulls vs. Position, Layer 3 U old Digitizer

SpacePoint position [cm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

(S
pa

ce
P

oi
nt

 -
 T

ru
eH

it)
/C

lu
st

er
S

ig
m

a 
Lo

ca
l U

 []

25−

20−

15−

10−

5−

0

5

10

15

20

25
LocalU_layer_3_scatter_1_option_140_nRel_0_posResidual_normSigma

Entries  115236
Mean x  0.1312
Mean y 0.08631− 
RMS x   1.056
RMS y   1.852
       0     201       0
       0 114848      0
       0     187       0

LocalU_layer_3_scatter_1_option_140_nRel_0_posResidual_normSigma

Entries  115236
Mean x  0.1312
Mean y 0.08631− 
RMS x   1.056
RMS y   1.852
       0     201       0
       0 114848      0
       0     187       0

Pull Local U on Layer 3, relationStatus: 140

Rudolf Frühwirth, Jakob Lettenbichler, Thomas Madlener 16



Introduction Reminder Position Analysis Conclusion Supplementary

Pulls

Pulls vs. Position, Layer 3 U new Digitizer
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Pulls

Pulls vs. Position layer 3 V old Digitizer
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Pulls

Pulls vs. Position layer 3 V new Digitizer
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Pulls

distribution per sensor, layer 3 U old Digitizer
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Pulls

distribution per sensor, layer 3 U new Digitizer
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Pulls

distribution per sensor, layer 3 V old Digitizer
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Pulls

distribution per sensor, layer 3 V new Digitizer
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Two classes of errors in SVD?

Position Residuals vs. Errors

Cluster Error [cm]
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Position Residuals vs. Error, Layer 3 U

comparing old Digitizer and new Digitizer
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Two classes of errors in SVD?

Position Residuals vs. Errors
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Two classes of errors in SVD?

Pulls vs. Errors
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Pulls vs. Error, Layer 3 U

comparing old Digitizer and new Digitizer
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Two classes of errors in SVD?

Pulls vs. Errors

Cluster Error [cm]
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Pulls vs. Error, Layer 3 V

comparing old Digitizer and new Digitizer
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Two classes of errors in SVD?

Errors vs. Position
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Cluster Error vs Position, Layer 3 U

comparing old Digitizer and new Digitizer
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Two classes of errors in SVD?

Errors vs. Position
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       0  115034       0
       0       0       0

scat_err_pos_V_3_new
Entries  124478
Mean x  0.8672
Mean y  0.00533
RMS x   3.724
RMS y  0.004859
       0      93       0
       0  124385       0
       0       0       0

Cluster Error vs Position, Layer 3 V

comparing old Digitizer and new Digitizer
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Two classes of error in SVD?

old Digitizer

residuals_old_U_3_all
Entries  115236
Mean  05−3.778e− 
RMS    0.001748
Underflow    1590
Overflow     1631

Residuals [cm]
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residuals_old_U_3_all
Entries  115236
Mean  05−3.778e− 
RMS    0.001748
Underflow    1590
Overflow     1631

 = 0.001150σ = -0.000038, µfit to all: 

 =0.001574σ = -0.000005, µfit to large: 

 =0.000453σ = -0.000064, µfit to small: 

Residuals, all classes, Layer 3 U, old Digitizer
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Two classes of error in SVD?

new Digitizer

residuals_new_U_3_all
Entries  124478
Mean  05−2.869e− 
RMS    0.001583
Underflow     976
Overflow      946

Residuals [cm]
0.01− 0.008− 0.006− 0.004− 0.002− 0 0.002 0.004 0.006 0.008 0.01
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residuals_new_U_3_all
Entries  124478
Mean  05−2.869e− 
RMS    0.001583
Underflow     976
Overflow      946

 = 0.001164σ = -0.000001, µfit to all: 

 =0.001280σ = 0.000025, µfit to large: 

 =0.000234σ = -0.000064, µfit to small: 

Residuals, all classes, Layer 3 U, new Digitizer
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Two classes of error in SVD?

Position Residuals old Digitizer

residuals_old_V_3_all
Entries  115236
Mean  0.0005657− 
RMS    0.003889
Underflow     726
Overflow      616

Residuals [cm]
0.02− 0.015− 0.01− 0.005− 0 0.005 0.01 0.015 0.02
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residuals_old_V_3_all
Entries  115236
Mean  0.0005657− 
RMS    0.003889
Underflow     726
Overflow      616

 = 0.002882σ = -0.000596, µfit to all: 

 =0.004787σ = -0.000556, µfit to large: 

 =0.001714σ = -0.000574, µfit to small: 

Residuals, all classes, Layer 3 V, old Digitizer
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Two classes of error in SVD?

Position Residuals new Digitizer

residuals_new_V_3_all
Entries  124478
Mean  0.0006076− 
RMS    0.003489
Underflow     789
Overflow      692
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residuals_new_V_3_all
Entries  124478
Mean  0.0006076− 
RMS    0.003489
Underflow     789
Overflow      692

 = 0.002572σ = -0.000627, µfit to all: 

 =0.003959σ = -0.000596, µfit to large: 

 =0.001231σ = -0.000548, µfit to small: 

Residuals, all classes, Layer 3 V, new Digitizer
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Two classes of error in SVD?

Pulls old Digitizer

pulls_old_U_3_all
Entries  115236
Mean  0.08162− 
RMS     1.352
Underflow     611
Overflow      577

Pulls []
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pulls_old_U_3_all
Entries  115236
Mean  0.08162− 
RMS     1.352
Underflow     611
Overflow      577

 = 0.674834σ = -0.037163, µfit to all: 

 =0.516795σ = -0.003089, µfit to large: 

 =1.168468σ = -0.167176, µfit to small: 

Pulls, all classes, Layer 3 U, old Digitizer
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Two classes of error in SVD?

Pulls new Digitizer

pulls_new_U_3_all
Entries  124478
Mean  0.1475− 
RMS     1.497
Underflow     919
Overflow      506

Pulls []
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pulls_new_U_3_all

Entries  124478
Mean  0.1475− 
RMS     1.497
Underflow     919
Overflow      506

 = 0.502249σ = 0.003975, µfit to all: 

 =0.449591σ = 0.008934, µfit to large: 

 =2.521127σ = -0.699149, µfit to small: 

Pulls, all classes, Layer 3 U, new Digitizer

Rudolf Frühwirth, Jakob Lettenbichler, Thomas Madlener 35



Introduction Reminder Position Analysis Conclusion Supplementary

Two classes of error in SVD?

Pulls old Digitizer

pulls_old_V_3_all
Entries  115236
Mean  0.2733− 
RMS     1.344
Underflow     328
Overflow      193

Pulls []
10− 8− 6− 4− 2− 0 2 4 6 8 10

# 
en

tr
ie

s 
[]

0

1000

2000

3000

4000

5000 pulls_old_V_3_all
Entries  115236
Mean  0.2733− 
RMS     1.344
Underflow     328
Overflow      193

 = 0.772523σ = -0.180215, µfit to all: 

 =0.501279σ = -0.058395, µfit to large: 

 =1.159335σ = -0.398383, µfit to small: 

Pulls, all classes, Layer 3 V, old Digitizer
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Two classes of error in SVD?

Pulls new Digitizer

pulls_new_V_3_all
Entries  124478
Mean  0.4604− 
RMS     1.719
Underflow    1180
Overflow      433
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pulls_new_V_3_all
Entries  124478
Mean  0.4604− 
RMS     1.719
Underflow    1180
Overflow      433

 = 0.776457σ = -0.195612, µfit to all: 

 =0.449920σ = -0.066292, µfit to large: 

 =1.733244σ = -0.806447, µfit to small: 

Pulls, all classes, Layer 3 V, new Digitizer
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Findings and Open Questions

Position Residuals do look reasonable
Pulls seem off → looks like this is because of error
estimates
There seem to be errors in the SVD that are larger than the
digital resolution
Small errors seem underestimated, large errors seem
overestimated
Errors seem quantized some how → bug or feature?

Rudolf Frühwirth, Jakob Lettenbichler, Thomas Madlener 38
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Conclusion and Outlook

Avoid ’going down the rabbit hole’ if possible in the future

Focus on thesis/actual work again
→ hand this over to the hands of the experts

Start of first tests on how neural networks can help creating an
advanced SectorMap

Rudolf Frühwirth, Jakob Lettenbichler, Thomas Madlener 39



Introduction Reminder Position Analysis Conclusion Supplementary

Thank You!

Rudolf Frühwirth, Jakob Lettenbichler, Thomas Madlener 40



Introduction Reminder Position Analysis Conclusion Supplementary

Supplementary
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Position Residuals

Position Residuals vs. Position, Layer 4 U old Digitizer
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RMS y  0.002874
       0     287       0
       0 129173       0
       0     291       0
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Mean x  0.09539
Mean y 0.000138− 
RMS x   1.584
RMS y  0.002874
       0     287       0
       0 129173       0
       0     291       0

Position Residuals Local U on Layer 4, relation Status: 128
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Position Residuals

Position Residuals vs. Position, Layer 4 U new Digitizer
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Position Residuals Local U on Layer 4, relation Status: 128
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Position Residuals

Position Residuals vs. Position layer 4 V old Digitizer
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Position Residuals Local V on Layer 4, relation Status: 128
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Position Residuals

Position Residuals vs. Position layer 4 V new Digitizer
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Position Residuals Local V on Layer 4, relation Status: 128
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Position Residuals

distribution per sensor, layer 4 U old Digitizer
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Position Residuals

distribution per sensor, layer 4 U new Digitizer
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Position Residuals

distribution per sensor, layer 4 V old Digitizer
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Position Residuals

distribution per sensor, layer 4 V new Digitizer
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Pulls

Pulls vs. Position, Layer 4 U old Digitizer
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Pull Local U on Layer 4, relationStatus: 128
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Pulls

Pulls vs. Position, Layer 4 U new Digitizer
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Pull Local U on Layer 4, relationStatus: 128

Rudolf Frühwirth, Jakob Lettenbichler, Thomas Madlener 51



Introduction Reminder Position Analysis Conclusion Supplementary

Pulls

Pulls vs. Position layer 4 V old Digitizer
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Pull Local V on Layer 4, relationStatus: 128
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Pulls

Pulls vs. Position layer 4 V new Digitizer
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Pull Local V on Layer 4, relationStatus: 128
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Pulls

distribution per sensor, layer 4 U old Digitizer

-10

-5

 0

 5

 10

4
.1

.1

4
.1

.2

4
.1

.3

4
.2

.1

4
.2

.2

4
.2

.3

4
.3

.1

4
.3

.2

4
.3

.3

4
.4

.1

4
.4

.2

4
.4

.3

4
.5

.1

4
.5

.2

4
.5

.3

4
.6

.1

4
.6

.2

4
.6

.3

4
.7

.1

4
.7

.2

4
.7

.3

4
.8

.1

4
.8

.2

4
.8

.3

4
.9

.1

4
.9

.2

4
.9

.3

4
.1

0
.1

4
.1

0
.2

4
.1

0
.3

p
ul

l: 
p

os
iti

on
 r

es
id

ua
l /

 c
lu

st
er

 s
ig

m
a 

[]

sensor VxdID

pulls per sensor, layer 4

Rudolf Frühwirth, Jakob Lettenbichler, Thomas Madlener 54



Introduction Reminder Position Analysis Conclusion Supplementary

Pulls

distribution per sensor, layer 4 U new Digitizer
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Pulls

distribution per sensor, layer 4 V old Digitizer
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Pulls

distribution per sensor, layer 4 V new Digitizer
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Two classes of errors in SVD?

Position Residuals vs. Errors

Cluster Error [cm]
0 0.005 0.01 0.015 0.02 0.025

P
os

iti
on

 R
es

id
ua

ls
 [c
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0.1−

0.08−
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0.04−

0.02−

0

0.02

0.04

0.06

0.08

0.1 scat_res_err_U_4_old
Entries  129751
Mean x  0.002539
Mean y 0.0001406− 
RMS x  0.002317
RMS y  0.004133
       0      66      10
       0  129362     235
       0      68      10

scat_res_err_U_4_old
Entries  129751
Mean x  0.002539
Mean y 0.0001406− 
RMS x  0.002317
RMS y  0.004133
       0      66      10
       0  129362     235
       0      68      10

scat_res_err_U_4_new
Entries  133791
Mean x  0.002635
Mean y 0.0001539− 
RMS x  0.002247
RMS y  0.002801
       0       5      11
       0  133500     262
       0       3      10

Position Residuals vs. Error, Layer 4 U

comparing old Digitizer and new Digitizer
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Two classes of errors in SVD?

Position Residuals vs. Errors

Cluster Error [cm]
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scat_res_err_V_4_old
Entries  129751
Mean x  0.004893
Mean y 0.001259− 
RMS x  0.004845
RMS y  0.00502
       0     158       3
       0  129319      48
       0     218       5

scat_res_err_V_4_old
Entries  129751
Mean x  0.004893
Mean y 0.001259− 
RMS x  0.004845
RMS y  0.00502
       0     158       3
       0  129319      48
       0     218       5

scat_res_err_V_4_new
Entries  133791
Mean x  0.004468
Mean y 0.001339− 
RMS x  0.005154
RMS y  0.004549
       0     161       4
       0  133341      28
       0     252       5

Position Residuals vs. Error, Layer 4 V

comparing old Digitizer and new Digitizer
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Two classes of errors in SVD?

Pulls vs. Errors

Cluster Error [cm]
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Entries  129751
Mean x  0.002546
Mean y 0.1915− 
RMS x  0.002335
RMS y   1.909
       0      52       0
       0  129395     255
       0      49       0

scat_pulls_err_U_4_old
Entries  129751
Mean x  0.002546
Mean y 0.1915− 
RMS x  0.002335
RMS y   1.909
       0      52       0
       0  129395     255
       0      49       0

scat_pulls_err_U_4_new

Entries  133791
Mean x  0.002638
Mean y 0.4296− 
RMS x  0.002248
RMS y   2.954
       0      40       0
       0  133409     283
       0      59       0

Pulls vs. Error, Layer 4 U

comparing old Digitizer and new Digitizer
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Two classes of errors in SVD?

Pulls vs. Errors

Cluster Error [cm]
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P
ul

ls
 []

40−

30−

20−

10−

0

10

20

30

40 scat_pulls_err_V_4_old
Entries  129751
Mean x  0.004921
Mean y 0.5875− 
RMS x  0.004871
RMS y   1.955
       0       4       0
       0  129686      56
       0       5       0

scat_pulls_err_V_4_old
Entries  129751
Mean x  0.004921
Mean y 0.5875− 
RMS x  0.004871
RMS y   1.955
       0       4       0
       0  129686      56
       0       5       0

scat_pulls_err_V_4_new

Entries  133791
Mean x  0.004501
Mean y 0.9494− 
RMS x  0.005181
RMS y   2.764
       0      11       0
       0  133695      37
       0      48       0

Pulls vs. Error, Layer 4 V

comparing old Digitizer and new Digitizer
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Two classes of errors in SVD?

Errors vs. Position

Position [cm]
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0.025 scat_err_pos_U_4_old
Entries  129751
Mean x  0.09529
Mean y  0.002546
RMS x   1.584
RMS y  0.002335
       0     255       0
       0  129496       0
       0       0       0

scat_err_pos_U_4_old
Entries  129751
Mean x  0.09529
Mean y  0.002546
RMS x   1.584
RMS y  0.002335
       0     255       0
       0  129496       0
       0       0       0

scat_err_pos_U_4_new
Entries  133791
Mean x  0.07989
Mean y  0.002636
RMS x   1.591
RMS y  0.002248
       0     283       0
       0  133508       0
       0       0       0

Cluster Error vs Position, Layer 4 U

comparing old Digitizer and new Digitizer
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Two classes of errors in SVD?

Errors vs. Position

Position [cm]
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0.04 scat_err_pos_V_4_old
Entries  129751
Mean x 0.05721− 
Mean y  0.004921
RMS x   3.479
RMS y  0.004871
       0      56       0
       0  129695       0
       0       0       0

scat_err_pos_V_4_old
Entries  129751
Mean x 0.05721− 
Mean y  0.004921
RMS x   3.479
RMS y  0.004871
       0      56       0
       0  129695       0
       0       0       0

scat_err_pos_V_4_new
Entries  133791
Mean x 0.07708− 
Mean y  0.004499
RMS x   3.476
RMS y  0.005181
       0      37       0
       0  133754       0
       0       0       0

Cluster Error vs Position, Layer 4 V

comparing old Digitizer and new Digitizer
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second structure in large errors in U direction (compare with
plots for layer 3 in U direction) that look like another class of
errors stem solely from slanted parts!
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Two classes of error in SVD?

old Digitizer

residuals_old_U_4_all
Entries  129751
Mean  0.000135− 
RMS    0.001865
Underflow    1161
Overflow     1124

Residuals [cm]
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Entries  129751
Mean  0.000135− 
RMS    0.001865
Underflow    1161
Overflow     1124

 = 0.001398σ = -0.000154, µfit to all: 

 =0.002212σ = -0.000079, µfit to large: 

 =0.000819σ = -0.000189, µfit to small: 

Residuals, all classes, Layer 4 U, old Digitizer
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Two classes of error in SVD?

new Digitizer

residuals_new_U_4_all
Entries  133791
Mean  0.0001457− 
RMS    0.001658
Underflow     756
Overflow      677
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residuals_new_U_4_all
Entries  133791
Mean  0.0001457− 
RMS    0.001658
Underflow     756
Overflow      677

 = 0.001375σ = -0.000148, µfit to all: 

 =0.001739σ = -0.000100, µfit to large: 

 =0.000502σ = -0.000180, µfit to small: 

Residuals, all classes, Layer 4 U, new Digitizer
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Two classes of error in SVD?

Position Residuals old Digitizer

residuals_old_V_4_all
Entries  129751
Mean  0.001223− 
RMS    0.004314
Underflow    1048
Overflow      719

Residuals [cm]
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residuals_old_V_4_all
Entries  129751
Mean  0.001223− 
RMS    0.004314
Underflow    1048
Overflow      719

 = 0.003091σ = -0.001278, µfit to all: 

 =0.007350σ = -0.001108, µfit to large: 

 =0.002571σ = -0.001266, µfit to small: 

Residuals, all classes, Layer 4 V, old Digitizer
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Two classes of error in SVD?

Position Residuals new Digitizer

residuals_new_V_4_all
Entries  133791
Mean  0.001319− 
RMS    0.003801
Underflow     985
Overflow      718
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Entries  133791
Mean  0.001319− 
RMS    0.003801
Underflow     985
Overflow      718

 = 0.002710σ = -0.001307, µfit to all: 

 =0.005793σ = -0.001251, µfit to large: 

 =0.002124σ = -0.001266, µfit to small: 

Residuals, all classes, Layer 4 V, new Digitizer
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Two classes of error in SVD?

Pulls old Digitizer

pulls_old_U_4_all
Entries  129751
Mean  0.1823− 
RMS     1.414
Underflow     429
Overflow      347

Pulls []
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pulls_old_U_4_all

Entries  129751
Mean  0.1823− 
RMS     1.414
Underflow     429
Overflow      347

 = 0.834213σ = -0.121140, µfit to all: 

 =0.549318σ = -0.019737, µfit to large: 

 =1.321661σ = -0.303914, µfit to small: 

Pulls, all classes, Layer 4 U, old Digitizer
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Two classes of error in SVD?

Pulls new Digitizer

pulls_new_U_4_all
Entries  133791
Mean  0.3348− 
RMS     1.865
Underflow    1643
Overflow      773

Pulls []
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pulls_new_U_4_all
Entries  133791
Mean  0.3348− 
RMS     1.865
Underflow    1643
Overflow      773

 = 0.595915σ = -0.065577, µfit to all: 

 =0.457164σ = -0.026528, µfit to large: 

 =2.404785σ = -0.874626, µfit to small: 

Pulls, all classes, Layer 4 U, new Digitizer
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Two classes of error in SVD?

Pulls old Digitizer

pulls_old_V_4_all
Entries  129751
Mean  0.5411− 
RMS     1.531
Underflow     602
Overflow      170

Pulls []
10− 8− 6− 4− 2− 0 2 4 6 8 10

# 
en

tr
ie

s 
[]

0

500

1000

1500

2000

2500

3000

3500

4000

pulls_old_V_4_all
Entries  129751
Mean  0.5411− 
RMS     1.531
Underflow     602
Overflow      170

 = 0.997250σ = -0.419125, µfit to all: 

 =0.608657σ = -0.088473, µfit to large: 

 =1.120817σ = -0.565312, µfit to small: 

Pulls, all classes, Layer 4 V, old Digitizer
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Two classes of error in SVD?

Pulls new Digitizer

pulls_new_V_4_all
Entries  133791
Mean  0.8121− 
RMS     1.884
Underflow    1739
Overflow      421

Pulls []
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pulls_new_V_4_all
Entries  133791
Mean  0.8121− 
RMS     1.884
Underflow    1739
Overflow      421

 = 1.257870σ = -0.661370, µfit to all: 

 =0.470759σ = -0.099546, µfit to large: 

 =1.499049σ = -0.939081, µfit to small: 

Pulls, all classes, Layer 4 V, new Digitizer
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