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Research Hypothesis

= Several reasons can cause discrepancies between

Data and Monte-Carlo. Several investigations show

e S that they are coming by the reason of geometry
descriptions in simulation
= |t is possible to predict 2 hypothesis why faults are
o exist in geometry descriptions:
5
G 09 ATLASPrelminary GieTey 3 1.Hypothesis #01: Inaccuracies added by geometry
E oyl T P omuntommoom transactions within the simulation software
5 O6F peamepe E infrastructure
g 05 E
5 oub - 2.Hypothesis #02: Discrepancies between the design
02f L E and the geometry implementation inside the
01E : ' E simulation
%% 25 30 35 40 45 ‘

Hadronic Interaction Radius [mm]




Geant4 Toolkit

= GEANT4 is a platform for simulation of facilities and physical events by
modelling of the passage of particles through the matter

= GEANT4 implementing in High Energy, nuclear and Accelerator physics as
well for studies in medical and in space science
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Checking Hypothesis 01.

Investigation of
Simulation Infrastructure
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Objectives of Analyses

/\/\

XML

1. Categorization of geometry of Detector

components

GeoMODEL GEANT-4

N N

Selection Methods for description

Test runs of test examples

Case study of transactions
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Systematization and learning of results

Interpretation
Engine
Interpretation
Interpretation




|. Categorization of Geometry
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|. Categorization of Geometry

Geometric Primitives
v Shapes without cuts
v Both regular/irregular shapes
v Both convex/concave shapes

2?2 typical primitives have been separated

Octagonal Prism Dodecagonal Prism

ey

Combined Objects

v' Grouping components with cuts

33 combined objects have been separated

Octagonal Prism with cut Octagonal prism with cut

Typical Joining

v" Grouping components with typical joining’s

29 combined objects with typical joining’s
have been separated

Cube and Tube Joining

A

Tubes Joining

———




|. Categorization of Geometry

/st class Geometric Primitives 22
2" class Combined Object 33
3 class Typical Joining 29

Total:
84

Conclusion: ATLAS detector geometry can be described by 84 typical

representors of class of objects
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II. Selection of Methods for
Description
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Il. Selection of Methods for Description
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Method 01

T1
T2
T3

Cube
Arbitrary
Subtraction
Move
Rotation

Method 02

T1

T2 |Rotation

Arbitrary

Move

. Ti| subtraction 73| Rotation

| Arbitrary

|Arbitrary lll. 73] Rotation




ll. Selection of Methods for Description

Finally, for all above selected typical representatives of object
classes of ATLAS detector, full set of possible methods of
description were selected:

/5t class of 22 objects: 4’460 methods
2" class of 33 objects: 6’579 methods
3 class of 29 objects: 4’636 methods

Total: 15’675 methods
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ll. Selection of Methods for Description

Criteria #01: Arbitrary_polygon method should be separated as a standalone method, while

1. Geometry description requires minimal number of Boolean operations and Move/Rotation
transactions

2. Geometry can be described directly in position by only Z axis displacement and Z axis
rotation.

Example: Descriptions of Octadecagonal Prism ey T

i| Arbitrary || !
| ¥ i ! | Arbitrary

Subtraction

Pyramid
Move
! Mowve Subtracticn

i | rotation Cube
i Move
e )

g 1 1 Subtracticn
kT i Cube
Mowve
Cube
Mowve
Cube
Mowve
Cube
1 Pyramid
Conclusion. Exclude Methods Il and I : Move
i Subtraction
i Union
Mowve
BRotation

Octadecagonal Prism ' Move (Z)
1
1

]
Eotation
1
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ll. Selection of Methods for Description

Criteria #02: Minimization of number of used methods in description

1. Ensure compactness of code
2. Reduce number received clashes, contacts and inaccuracies of positioning

3. Ensure better performance by reducing number of regions for consideration during the
tracking

Cube
Move
Cube
Move
Cube
Move
Cube
Move

Cube
Cube
Subtraction
Move
Rotation

Example: Descriptions of Cube with Cut

Move

Conclusion. Exclude Method Il Rotation
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ll. Selection of Methods for Description

Criteria #03: Exclude descriptions which are using same transactions and methods

Example: Descriptions of Dodecagonal Prism with Cuts

Conclusion. Either | or Il should be excluded

Arbitrary
Tube
Rotation
Move
Subtraction
Rotation
Move
Subtraction
Move (Z)
Rotation

Symmetric
Tube
Rotation
Move
Subtraction
Rotation
Move
Subtraction
Move (Z)
Rotation

17



Criteria #04: Exclude descriptions with same consequence of methods

Example. Descriptions of Icositetrahedronal prism with cuts

Icositetrahedronal Prism with Cuts

Conclusion. Either | or Il should be excluded

Cube
Symmetric
Move
Subtraction
Move
Subtraction
Arbitrary
Subtraction
Tube

Move
Subtraction
Cube

Move
Subtraction
Tube

Move
Subtraction

Pyramid
Symmetric
Move
Subtraction
Move
Subtraction
Arbitrary
Subtraction
Tube

Move
Subtraction
Cube

Move
Subtraction
Tube

Move
Subtraction




ll. Selection of Methods for Description

= Total number of methods has been analysed and just unique cases of descriptions were

selected:

Before Separation

/5t class of 22 objects:
2" class of 33 objects:

3 class of 29 objects:

4’460 methods

6’579 methods

4’636 methods
Total: 15’675 methods

After Separation

1°t class of 4’460 methods: 11 methods

2" class of 6’579 methods: 38 methods

39 class of 4’636 methods: 28 methods
Total: 77 methods

Conclusion: 77 unique examples have been formed for the investigation of quality of
geometry transformations doing by simulation software.
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[1l. Test Runs
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77 Test
Examples

Simulation

51 cases with 26 cases without
faults faults

lll. Test Runs

O 00 N OO U1l A& W N BB
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0.25
0.03
0.00
0.03
0.00
0.23
0.09
0.01
0.01
0.04
0.09
0.09
0.03
0.03
0.01
0.04
0.04
0.19
0.06
0.14
0.00
0.03
0.23
0.02
0.21
0.2
0.26

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

0.26
0.03
0.03
0.03
0.08
0.08
0.01
0.01
0.17
0.21
0.03
0.24
0.12
0.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

0.08
0.03
0.07
0.21
0.26
0.09
0.09
0.00
0.09
0.00
0.00
0.00
0.00
0.06
0.00
0.00
0.08
0.00
0.08
1.44
1.75
0.00
0.00
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Example of Test Run

<hox name="Box" material="Aluminiom" X ¥ Z="20.; 180.; 305. " />

<box name="Boxl" materizal="Aluminimm" X ¥ Z="21.; 180.; 350 " i

<zubtraction name="ExampleN02" >

<posXYZ wvolume="Box" XY Z2="0.; 0. ; 0. " rot=" 0. ;0. ;0. "f>

<posXYZ volume="Boxl" X ¥ Z=" 0. ; 107. ; 535. " &rot=" 24, ; 0. ; 0. "

<posXYZ volume="Boxl" X ¥ Z=" 0. ; -160. ; -147.5 " rot=" 0. ; 0. ; 0. "
</ subtraction>
<composition name="ECT Toroids" >

<posXYZ volume="ExampleN02" X ¥ Z=" 2121. ; 4154. ; 12462.5" rot=" 0.; 0.; -22.5
</compositions

T3 | Subtraction
Tl | Move

TZ | Rotation

TS

T4 | Move

Subtraction

f>

T1
T2
T3
T4

T5
T6
T7

Cube
Cube
Move
Rotation
Subtraction
Move
Subtraction
Move
Rotation
/,»"/ J<\ T7 | Rotation
B R S
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V. Case Study of Transactions
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<box name="Box" material="Aluminiom" X ¥ Z="20.: 180.: 305. " f =
<box name="Boxl" materizl="Aluminiuom" X_Y_Z="21.: 180.: 350 " />

<subtraction name="ExampleN02" >

<posXYZI volume="Box" XY Z="0.; 0. ; O. " rot=" 0. ; 0. ; 0. "f>»

<posXY¥YZi wvolume="Boxl" X ¥ Z=" 0. ; 107. ; 55. " rot=" 24. : 0. : 0. LS

<posXY¥YZi wvolume="Boxl" X ¥ Z=" 0. ; -160. ; -147.5 " rot=" 0. ; 0. ; O. "
<fsubtraction>

<conposition name="ECT Toroids" >
<posXY¥Yi volume="ExampleWN0O2" X ¥ Z=" 0. ; 0. ; 0." rot=" 0.; 0.; D.l" i
</ composicions>

Cube T3 | Subtraction
Cube

T1 | Move

T2 | Rotation

T3 | Subtraction
T4 | Move

T5 | Subtraction

]

T5| Subtraction

Results:




Sub-Case #02: T6 movement together with T1/T2/T4 transactions and

T3/T5 Boolean Subtraction

<box name="Box"
<box name="Boxl1"

<subtraction name="ExampleN0O2" >
<posXY¥Z volume="Box"
<posXYZ volume="Boxl"
<posXYZ volume="Boxl"

</subtraction>

<composition name="ECT Toroids" >

material="Aluminiom"
material="Aluminiom"

0.
0.
0.

;0.
; 107,
; —-160.

<posXYZ wolume="ExampleN02" X ¥ Z=" 21321,

</compositions
Cube
Cube
T1l | Move
T2 | Rotation
T3 | Subtraction
T4 | Move
T5 | Subtraction
T6 | Move

;0.

X ¥ Z="20.; 180.
X ¥ z="21.; 180.;

;3085. " S
350 " S

" rot=" 0. ; 0.

; A5, " rot=" 24,
; =147.5 "

rot=" 0.

; 4154, ; 12462.5" rot="

n‘,ﬂ'}

o, "J/»
0. "

0.; 0. 0.

Results:
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Sub-Case #03: T7 rotation transaction and T1/T2/T4 transactions together

with T3/T5 Boolean Subtraction

<box name="Box" materizl="Aluminiuam" X_Y_E="ED.: 180.: 305. " />
<box  name="Boxl" materizal="Aluminiom" X ¥ Z="21.; 180.; 350 " i

<gubtraction name="ExampleN02" >

<poskXYZ volume="Box" XY Z=" 0.; 0. ; D. " rot=" 0. ; 0. ; 0. "/>

<posXY¥Z wvolume="Boxl" X ¥ Z=" 0. ; 107. ; 535. " rot=" 24. ; 0. ; 0. "

<posXYZ wolume="Boxl" X Y Z=" 0. ; -160. ; -147.5 " rot=" 0. ; 0. ; 0. -
</zubtraction>

<ocomposition name="ECT Toroids" >
<posXYZ volume="ExampleN02" X ¥ z=1 0. ; 0. ; 0. rot=" 0.: 0.; -22.5 " />
</compositions>

Cube

Cube

T1 | Move

T2 | Rotation

T3 | Subtraction
T4 | Move

T5 | Subtraction

-

T7 | Rotation

Results:
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V. Systematization and Learning
of Results
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11

12

13

14

15
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V. Systematization and Learning of Results

Inaccuracies

Used Methods Transactions GeoModel Geant4
Ne  Cub Tube Pyr Trap Cone PolyC PolyG Arbitr Sym Dsym M1 Ri Subt M2 R2 M1 | R1 Subtr. M2 R2 Conf M1 | R1 Subt M2 R2 Conf
AX=0.25 AX=-0.02 | AX=0.07 AX=0.25 AX=-0.02 | AX=0.06
1 3X 5X | 4X | 5X [ X | X 0 0 | AYy=-0.15 e e 0 0 | AY=0.15 e "
AY=0.01 | AY=-0.18 AY=0.01 | AY=-0.17
A,=0.0014 A,=0.0014
AY=0.01 AY=0.01 AX=-0.01
2| | 2x 2X[ X | 2x | x| X 0 0 0.0 0 AX=0.01 0 0 001 1 70,03 0.0
AZ=-0.02 AZ=-0.02 AY=-0.02
AX=-0.03 AX=0.02 AX=-0.03 AX=0.02
A1X X x| x AY: oloz 0 £Y=0.02 AY: o.oz 0 AY-_ oloz
e AZ=-0.02 e T
AX=-0.23 AX=0.03 AX=-0.23 AX=0.03
6 | | 2x X X | x| x 0 AZ=-0.13 0 AY=0.1 0 AZ=-0.13 | AZ=0.03 | AY=0.1
AV=0.0002 A7=0.01 AV=0.0002 A7=0.01
; X X B I AX=-0.07 | AX=0.01 | AX=-0.02 AX=-0.07 | AX=0.01 | AX=0.04
AY=-0.05 | AY=0.05 | AY=0.09 AY=-0.05 | AY=0.05 | AY=0.09
8 | | 2x X| x| x | x| x 0 0 | Az=-0.01 0 0 0 0 | Az=0.01 0 0
9 2X 2X 2X | x| X 0 0 0 AX=-0.01 0 0 0 0
AX=0.03 | AX=0.03 | AX=-0.04 AX=0.03 | AX=0.03 | AX=-0.04
10| | 3x 4x ax | X | X 0 0
AY=0.03 | AY=0.03 | AY=-0.02 AY=0.03 | AY=0.03 | AY=-0.02
AY=-0.09 AX=0.03 AY=-0.09 |AY=-0.01 | AX=0.03
11| | 2X X | x| x 0
AZ=-0.06 AY=0.01 AZ=-0.06 |AZ=-0.01| AY=0.02
1 - « | x| x BX=0.09 |\ o | AX=0.03 8X=0.09 |\ | 8X=0.03
AY=-0.06 7| av=0.01 AY=-0.06 77| AY=0.02
AX=0.01 -.0. -0, AX=0.01 -0. =0.
=l x| x x B I 0 AX=-0.03 | AX=-0.01 0 AX=0.03 | AX=-0.01
0,=0.0002 | AY=-0.02 | AY=0.02 A,=0.0002 | AY=-0.03 | AY=0.03
AX=-0.03 AX=0.01 AX=-0.03 AX=0.01
14| x| X X 2X 2X | x| X 0 AY=-0.02 0 e 0 AY=-0.02 0 e
AY=0.02 AY=0.03
A,=0.0002 A,=0.0002
15| | X X X X | x| x 0 0 0 AX=0.01 0 0 0 AX=0.01
AY=-0.01
AX=-0.03 AX=-0.01 AX=-0.04 AX=-0.01
16 X X X XXX 0 AY=-0.02 0 AY=0.02 0 AY=-0.03 0 R=0.01
AX=0.04 AX=0.02 AX=0.04 | AX=0.01 | AX=0.02
17 2X 2X[2x | 2x | x| X 0 0 | AY=0.02 | AX=0.01 | AY=0.03 0 0 R=0.02 | AY=0.01 | AY=0.03
AV=0.002 R=0.01 AV=0.002 | A7=0.01 | R=0.05
AX=-0.11 AX=011 007
e AY=0.19 e
18 2X X 2X 3X | X 0 AY=0.19 0 0 Re0.01 | AY=0.04
A,=0.0003 ) R=0.08
v A,=0.0003
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20
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22

23

24

25

26

27

V. Systematization and Learning of Results

lnaccuracies

Used Methods Transactions GeoModel Geant4
Ne  Cub Tube Pyr Trap Cone PolyC PolyG Arbitr Sym Dsym M1 R1 Subt M2 R2 M1 | R1 Subtr. M2 R2 Conf M1 | R1 Subt M2 R2 Conf
AX=0.06 AX:O'OG AX=-0.03 | AX=0.04
19 2X X 2X 2X | X | X 0 AY=0.04 0 AY=-0.03 0 A;_‘(?f; AY=-0.04 | AY=0.06
AV=0.0003 AV=0.0003 | RE0-05 | R=0.09
AX=-0.14
AX=-0.14 AX=0.01 | AX=-0.03
AX=0.01 | AX=-0.03 AY=-0.08
20 2X | X 3| X | 3x | x| x 0 0 | AY=-0.08 o | o AY=-0.04 | AY=0.06
A,=0.0003 | 2Y=0:01 | AY=0.06 RE0.03 | p003 | R=0.01
A,=0.0003
AX=-0.03 AX=-0.03
22 X X X X | x| x 0 AY=-0.02 0 AY=0.02 0 AY=-0.02 0 AY=0.02
A,=0.0001 A,=0.0001
AX=0.23 AX=0.23
23 X | x 2 x |2 | ax | x| x || o] o |a=009| o [P0 o | o [av=00 | o |FT
A,=0.0001 A,=0.0001
BOX=0.02 | AX=001 | \\ AX=-0.02 AX<0.01
24| | X | x X X | x| x 0 AY=0.01 | AY=001| O " 0 AY=0.01 |AX=002 | & " "
AZ=-0.01 | AZ=-0.01 A7=-0.01
AX=0.03 AX=0.03
AY=0.02 AY=0.21 AY=0.23
25 X 2X 2X 3 | X | X 0 £,0,0005 0 AY=-0.02 0 £,=0,0001 0 R20.05
R=0.01 R=0.17
AX=0.03 AX=0.07
26| | 2x | X 2X 3X [ X | X 0 g;g:g; A:;:(')(;z AX=0.02 0 AY=0.2 A;;:(')gl AY=-0.03
R=0.02 R=0.05
AX=0.15 AX=0.15 | AX=0.2
27 4x x| 2x | ax | x| x 0 | o | av=02p |B8X5001 [AX=0.09 0| o AY=-((J).1Z AY=8.0§ AX=-0.07
AZ=-0.02 | AY=0.07 AY=-0.04
AZ=-0.06 AZ=0.08 |AZ=-0.02
AX=0.15 AX=0.15 | AX=0.26
28| | 2x 2X 3X [ 2x | 4x | X | X 0 0 | AY=0.22 f;;%glz Aﬁ;ﬁgj 0 0 | AY=-0.16 | AY=0.03 iﬁ:g:g:
AZ=-0.06 AZ=0.08 |AZ=-0.02
AX=0.01 AX=0.01
AY=003 | ay=.0.01 | 2X=0:01 AY=003 | ay=001 | X001
29 X 2X X | 2x| 3x | x| X 0 O | a7-001 | aze001 | BY=001 0 | 0 | r7001 |aze003 |AY=0-03
A7=0.01 A7=-0.01
A,=0.0002 A,=0.0002
AX=0.03 AX=0.03 AX=0.01
AY=0.03
20 . o ox | 7% | ax | x | x o o AY=-0.03 |AY=-0.03 | AY=0.01 o | o AY=-0.03 A7-0.03 | BY=003
A7=-0.02 | AZ=0.03 | AZ=0.04 A7=0.03 co01 | AZ=002
A,=0.0003 £A,=0.0003 R=0.01
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V. Systematization and Learning of Results

Inaccuracies

Used Methods Transactions GeoModel Geant4
Ne  Cub Tube Pyr Trap Cone PolyC PolyG Arbitr Sym Dsym M1 R1 Subt M2 R2 M1 | R1 Subtr. M2 R2 Conf M1 | R1 Subt M2 R2 Conf
AX=0.03 AX=0.03 AX=-0.02
AY=0.03 AY=-0.03 | AY=0.01 av=-003 |2%002 1, 603
31 X 8X | 8X | 8X | X[ X 0 0 | Az=-0.03 AZ:_Ob 3 AZ:O'04 0 0 AZ=—0.03 AY=0.03 AZ:_063
A,=0.0003 |~ e : R=0.01 -
) A,=0.00031 R=0.01
AX=-0.05 | AX=0.04
AX=0.03 | AX=-0.03 AY=003 | av=0.06 | AX=0-05
AY=0.03 | AZ=-0.02 | AX=0.01 - ~ o |av=-0.08
32 X 3X 7X|5x | 7x | x| X 0 0 0 0 | Az=0.03 |AZ=-0.05
A7=0.03 |A,=0.003 | AZ=0.02 A 00016 | A <0.003 | 220-02
A,=0.0016 3 v v R=0.04
R=0.01 |3R=0.02
AX=-0.05 | AX=0.04
AX=0.03 | AX=-0.03 AY=0.03 AY=0.06 AX=0.05
AY=0.03 | AZ=-0.02 | AX=0.01 e T | AY=-0.08
33 X 2X 7X|5x | 7x | x| X 0 0 0 0 | 8z=-0.03 |AZ=0.05
A7=0.03 |A,=0.003 | AZ=0.02 A 00016 | A 0,003 | A20:02
A,=0.0016 3 v v R=0.04
R=0.01 |3 R=0.02
AY=0.01
34 X X 2X | 2x | 2x | x| X 0 0 |Ay=0.0001 0 0 0 0 0 0
A,=0.0001
35 X 2X | 2x | 2x | x| X 0 0 |Ay=0.0001 0 0 0 0 AY=0.01 0 0
v A,=0.0001
AX=0.02 AXe0.01 AX=0.02 | AX=0.02 |AX=-0.17
36 X X 2X 2X | X | X 0 £,=0.0000 0 AZ:-0.01 0 AZ=0.01 |AZ=-0.02 | AZ=0.17
1 e A,=0.00007 | R=0.03 | R=0.25
AX=0.01 AX=-0.03 | AX=-0.16
AZ=0.01 AX=0.02 e e
37| | 2x | 2x 3X 3X | X | X 0 A.0.0000 0 A7=0.02 0 Aze00p | 827005 [42=0.21
v e R=0.05 | R=0.19
7
AX=-0.03 AX=-0.03
38 2X X X 2X | X 0 AY=-0.03 0 0 AY=-0.03 0
AV=0.0009 AV=0.0009
AX=-0.24 AX=-0.24
39| | X | 2x X 2X ax | x 0 AY=-0.18 0 0 AY=-0.18 0
AV=0.0009 AV=0.0009
AX=0.11 AX=0.01 AX=0.11 AXe0.01
20 sx o | ax | x| x 0 AY=0.09 AY—_0.0l AX=0.09 0 AY=0.09 AY:0'01 AX=0.09
AZ=-0.12 AZ_—_O'O . AY=0.1 A7=-0.12 AZ:O'Ol AY=0.1
Ay=0.0004 | Ay=0.0004 |

31




38

39

40

41

42

43

44

45

46

47

48

49

50

51

V. Systematization and Learning of Results

Inaccuracies

Used Methods Transactions GeoModel Geant4
Ne  Cub Tube Pyr Trap Cone PolyC PolyG Arbitr Sym Dsym M1 Ri Subt M2 R2 M1 | R1 Subtr. M2 R2 Conf M1 | R1 Subt M2 R2 Conf
AX=0.11 AX=0.11
41| | x 4x 3x | 4x | x| x o | AY009 |y gq |2X009 o | Y009y 001 |AX009
AZ=-0.12 e AY=0.1 AZ7=-0.12 - AY=0.1
A,=0.0004 A,=0.0004
AX=0.08 AX=-0.01 AX=0.08 AX=-0.01
2X | 2x | 2 AY=0.02 . AY=0.02 =
31| X X X[ x| 2 X X O 1 0 | av=001 | 2Y002 | Avo0.02 O 1 O 1 aveo01 [2Y092 1 Avop01
56| | 2x 3X 3x [ x| x || o AX003 1, ax-001 0 £%=0.03 0 0
AY=0.02 e AY=0.02
AX=0.04 AX=0.02 AX=0.04 | AX=0.01 | AX=0.02
57 2X 2| 2x | X | x| X 0 | 0 | AY=0.02 | AX=0.01 | AY=0.03 0| o R=0.02 | AY=0.01 | AY=0.03 | -
AV=0.002 R=0.01 AV=0.002 | AZ=0.01 | R=0.05
AX=0.03 AX=0.07
58| [ 2X | X X 2X | 2x| X 0 AX20.03 1 AY=0.02 |y 5 0o o} av=02 |20 v 003| -
AY=0.02 | R=0.01 R=0.02
R=0.02 R=0.05
AX=0.03 AX=0.03
AY=0.02 AY=0.21 AY=0.23
59| | 2x | X X 2X | 2x| x 0 0 AY=-0.02 0 0 .
A,=0.0005 A,=0.0001 R=0.05
R=0.01 R=0.17
AX=0.15 AX=0.15 | AX=0.26
60| | X 2X X | X | 2x [2x| 2x || 0o | 0 |AY=022 AA;—_C()).((;IZ AA)i"_'gg? 0 | 0 | AY=0.16 |AY=0.03 ﬁé:’g‘gz -
AZ=-0.06 e o AZ=0.08 |AZ=-0.02|
AX=0.15 AX=0.15 | AX=0.26
61 3X X | x| 2x |2x| 2x 0 | o | av=o2p |B8X5001 |AX=0.09 0 0 | av=016 |av=0.03 |2%F0071
AZ=-0.02 | AY=0.07 AY=-0.04
AZ=-0.06 AZ=0.08 |AZ=-0.02
AY=-0.09 AX=0.03 AY=-0.09 |AY=-0.01 | AX=0.03
83| | X XXX 0 rz=006 | 2791 | av=0.01 ) 0 AZ=0.06 | AZ=0.01 | AY=0.02 )
AX=-0.06 AX=-0.06
89 X | X X XX 0 AY=-0.05 0 ) 0 AY=-0.05 0 )
AX=0.08 AX=-0.01 AX=0.08 AX=-0.01
72| | X X 3| 3x | 2X | x| X o] o AY=0.02 0 o | o AY=0.02 0
AY=0.01 AY=0.02 AY=0.01 AY=0.01
AX=0.08 AX=-0.01 AX=0.08 AX=-0.01
74| | 4x 2X 6X | 6X | 5X [2x| 2x 0 | 0 | yyeooq | Y002 10 " . 0 | 0| \ooor |AY002| O Fl -
AX=1.34 DX=-0.47 | Clash=1 AX=-1.44 Clash=0
=-0. asn= ash=|
75| | 2x | X 2X X X AZ7=0.94 AZ=-0.9 AZ=0.
> 0 AZ=033 | .28 0 0:091 " o
A=0.175 A,=0.044
AX=-1.71 ﬁ)z(;i;i
77| | x| 2x X| x| x [x] X 0 £7=-1.25 0 0 - oo P 0 -
A=34.45 R=0.05
Ve AV=34.45
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V. Systematization and Learning of Results

Conclusion NeQ 1 \

= For all type of detector geometries dimensional, form and positioning faults are caused by
Boolean operations

77 Test
Examples

51 Examples with 26 Examples without
faults faults
f f
With Without

Booleans

Booleans

33



Conclusion Ne(?2

= All internal surfaces received by Boo/ean subtraction of parametrical primitives from Box
brings 0 faults

= Test Example #09

Arbitrary
Arbitrary
T1l| Move

T2 | Subtraction
T3| Move

i T4| Subtraction
T4| Subtraction T5| Move (Z2)

T6| Rotation

T2| Subtraction

= Test Example #15

Pyramid
T2| Subtraction Cube
T1l| Move
T2 | Subtraction

T3 | Move
74| Rotation
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V. Systematization and Learning of Results

Conclusion Ne0O3

= Boolean operations are correlate with Move and Rotate transactions executing after the
Boolean. All Move/ Rotate transactions before Boolean are fine

Geometric Primitives Transactions CATIA vs GeoModel (VP1) CATIA vs Geant4
GeoModel

Bx. Cube Tube Pyr Trap. Cone PolyC. PolyG.Arbitr. Sym. Dsym ™M R Subt. M R M | R | Subtr. M R Conf{l M | R Subt M R |conf




V. Systematization and Learning of Results

‘ Conclusion Ne04 \

= For all external surfaces created by subtraction of parametrical primitives from Box,
Boolean operation don’t correlated with Move/ Rotation transactions

= Test Example #08

Cube
Cube

Cube
Cube
Move
Rotation

= Test Example #56

T1
T2
T3
T4
T5

Move
Rotation

T2| Rotation
Tl | Move

Box

Box

Move
Subtraction
Move
Subtraction
Move
Subtraction
Move
Rotation

T6| Subtraction

HHa HAH AHAaHHA
[+ NI, T BN U S

T4| Subtraction

T2 | Subtraction




"Conclusion NeO5

= For some internal surfaces created by subtraction of parametrical primitives from
Polygon methods, Boolean operation don’t correlated with Move transactions

= Test Example #19, #20 = Test Example #22

T2 | Subtraction

A Arbitrary
Arbitrary Tube
Tube T1| Move
Tl Move T2| Subtraction
T2 Subtraction T3| Move (Z)
Tube T4| Rotation
3| Move
T4 Subtraction
T5 Rotation
T6 Move
= Test Example #38, #39 = Test Example #34, #35
y L ]
Symmetric T6| Subtraction Arbitrary
Arbitrary Tube
T1| Rotation
T2| Move
T3| Subtraction
T4| Rotation
T5| Move
T6| Subtraction
T7| Move (2Z)
T8| Rotation
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Conclusions of Hypothesis #1

1. Hypothesis #01 has been confirmed: The simulation software
infrastructure introduces geometrical inaccuracies

2. For all type of detector geometries the faults in dimension, form and
positioning are caused by Boolean operations

3. All internal surfaces received by Boolean subtraction of parametrical
primitives from a Box result in zero faults

4. Boolean operation inaccuracies are correlated with Moving/Rotation
transactions in GEANT4

5. For all external surfaces created by the subtraction of parametrical
primitives from a Box, Boolean operation Inaccuracies do not correlate with
Moving/Rotation transactions

6. For some internal surfaces created by the subtraction of a Polygon
methods via Tube method, Boolean operation do not correlate with Moving
transactions 38



Checking Hypothesis 02:

Investigation of discrepancies
between the design and the geometry
implementation inside the simulation

&




Objectives of Analyses

1. Reproduction of Geometrical Model of COIL in CATIA
2. Decomposition and Mass analysis of COIL

3. Compare analysis between CATIA and Geant4 COILs

4. Integration conflict checking

&
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|. Reproduction of Geometrical Model of COIL in CATIA

&



Reproduction of Geometrical Model of COIL in CATIA

1. Source geometry has been taken from Smarteam Engineering Database

2. 225 manufacturing drawings have been founded on CDD and missing parts was added to
primary Smarteam geometry

SmarTeam Model CATIA Model




ll. Decomposition and Mass analysis of COIL

&



Volume 1. Cryostat Long (Top)

1.261 10088

Total Mass (kg]: 10088

Volume 2, 4, 6, 8. Cryostat Corner

4 Stainless Steel 304L 8000

0.042 0.168 1344

Total Mass (kg): 1344

Volume 3, 7. Cryostat Short

2 Stainless Steel 304L 8000

0.169 0.338 2704

Total Mass (kg): 2704

Volume 5 Cryostat Long (bottom)

1.421 11368
Total Mass (kg):11368
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Decomposition and Mass analysis of COIL
Volume 9. Voussoirs Volume 10. STEFFENERS

. Density Volume Total Volume Total Mass
- - Number of ltems Material (kg/m?) (m) (m?) (ke)
8 Aluminum/Stainless ) o ) 0.552 4416 12344.4
Steel 304L 8 0.083 0.667 5336
Total Mass (kg): 12344.4 Total Mass (kg): 5336

Volume 11. Ribs Volume 12. Thermal Shielding

- Density Volume Total Volume Total Mass
Number of Items Material (ke/m?) (m?) (m?) (kg)
7 Stainless Steel 304L 8000 0.086 0.603 4824 1 Aluminum 3003.H22 2740 0.7373 0.7373 2020

Total Mass (kg): 4824 Total Mass (kg): 2020
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Volume 13. Tie Rod

0.00007062
0.00008187

0.1280
0.2240
0.0400
0.0024
0.0011
0.0013
0.0025
0.12

573.44
1792.0
179.2
18.9
9.0
10.5
20.1
324.6

Total Mass (kg): 2928

Volume 14. Coil casing

Total Mass (kg): 18578.7

Volume 15. Coil casing part

Total Volume

Aluminum 5083 h112

Total Mass (kg): 4963.6




Number of ltems

1

Material

Aluminum

Decomposition and Mass analysis of COIL

Volume 16
Density Volume
(ke/m?) (m?)
2650 4.367

Total Volume
(m?)

4.367

Total Mass
(ke)
11572.55

Total Mass (kg): 11572.55

Number of ltems

139
81
1

Volume 18. Supports of Services

Material

Multiple*
Multiple*
Aluminum 1050

Density
(kg/m?)

2705

Volume
(m?)
0.000085
0.00018
0.179

Total Volume Total Mass
(m3) (ke)
0.01 31.72
0.01479 22.1
0.179 484.2
Total Mass (kg): 538

Number of ltems

P PrP N R R R

Volume 17. Services

Material

Aluminum 1050

Stainless Steel 304L
Stainless Steel 304L
Stainless Steel 304L
Stainless Steel 304L
Stainless Steel 304L
Stainless Steel 304L

Density
(kg/m?)
2705

8000
8000
8000
8000
8000
8000

Volume
(m?)
0.0640
0.0040
0.0040
0.0006
0.0003
0.0005
0.0004

Total Volume Total Mass
(m?) (ke)
0.0640 173.1
0.0040 32.0
0.0040 32.0
0.0006 4.6
0.0005 4.1
0.0005 4.1
0.0004 3.2

Total Mass (kg): 253
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Numberof
Items
108
108

NN NNEERRERERENNEEBED

.|
[ ]

Decomposition and Mass analysis of COIL

Volume 19. Supports of Coil

Material

Aluminum 5083 F
Stainless Steel 304L
Stainless Steel 304L
Stainless steel AISI1304 L
Aluminum 5083 F
Stainless Steel 304L/316L
Stainless Steel 304L/316L
Stainless Steel 304L/316L
Aluminum 2024 T3
Stainless Steel AISI 304 L
PERMAGLAS TEGID
Aluminum

Aluminum

Aluminum

Aluminum

Aluminum

Stainless Steel 304L/316L
Aluminum 2024 T3
Stainless Steel 304L/316L
Stainless Steel 304L/316L
Stainless Steel AISI 3041
PERMAGLAS TEG3D

Density
(kg/m?)
2660
2000
3000
2000

Volume
(m?)

0.0001048
0.00004723
0.00006412
0.00002734
0.0001228
0.0000223
0.00002888
0.00005369
0.0001857
0.0004261
0.0002058
0.0007714
0.0005786
0.0006777
0.0001206
0.0005685
0.00008567
0.0001163
0.00003998
0.00009161
0.00002725
0.00007735

Total Volume

{m?)
0.0113184
0.00510084
0.00692496
0.002734
0.0063856
0.0012934
0.00167504
0.00150332
0.0051996
0.0187484
0.0222552
0.032359416
0.0254584
0.0298183
0.00530604
0.025014
0.00616824
0.0083736
0.00287856
0.00659592
0.0015962
0.0055692

Total Mass
(kg

30.1

40.8

35.4

21.9

17.0

10.3

13.4

91.6
68.7
80.5
14.3
67.5
49.3
23.3
23.0
32.8
15.7
10.3

TotalMass (kg): 903.7

& b
-0 ¢,
¢ &

.
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Decomposition and Mass analysis of COIL

Volume 20. Ribs of Thermal Shielding

7

Aluminum 3003.H22 2740

0.0144

0.101

Total Mass (kg): 276

276

Volume 21. Ribs of Coil casing

Number of Items

7

Material

Aluminum 5083

Density
(kg/m?)

2650

Volume
(m?)

0.101

Total Volume Total Mass
(m?) (kg)
0.707 1873

Total Mass (kg): 1873
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Decomposition and Mass analysis of COIL

91'914 kg =10088 kg + 1’344 kg + 2704 kg + 11’368 kg + 12’344 kg +
5336 kg + 4’824 kg + 2°020 kg + 2928 kg + 18'578.7 kg +
4963.6 kg + 11’572.55 kg + 253 kg + 538 kg + 903.7 kg +
276 kg + 1’873 kg

Total mass of COIL-91'914 kg
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lll. Compare analysis between CATIA and Geant4 COlLs




Compare analysis between CATIA and Geant4 COlLs

Volume 2

Volume 11

4 Volume 3

Volume 1

Volume 10

- Volume 4

Volume 8

Volume 9

Volume 7

Volume 5

Volume 6

Volume 12




Volume 1. Cryostat Long (Top) Volume 2, 4, 6, 8. Cryostat Corner

Model Material ([IJ;;:]; Volume (m3) Mass (kgs) Difference (kgs) Model Material ([I);?:g) Volume (m3) Mass (kgs) Difference (kgs)
G4 Iron 7870 1.137 8950 -1138 G4 Iron 7870 0.1e9 1330 -14
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Volume 3, 7. Cryostat Short Volume 5 Cryostat Long (bottom)

. Density ; . Density .
Model Material Volume (m3 Mass (kgs Difference (kgs Model Material Volume (m3 Mass (kgs Difference (kgs
e (m3) (kes) (kes) to/ms) (m3) (kes) (kgs)
G4 Iron 7870 0.162 2546 -158 G4 Iron 7870 1.223 9630 -1738
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Model

CATIA
G4

Compare analysis between CATIA and Geant4 COILs

Volume 9. Voussoirs Volume 10. STEFFENERS

, Density ~ Volume Difference , Density Difference
Material (kg/m3) (m3) Mass (kgs) (kes) Model Material (ke/m3) Volume (m3) Mass (kgs) s
_,ﬁ;ff;l 8000/2650  4.416 12344 CATIA  Ssteel304L 8000 0.667 5336

lron/Al 7870/2700  4.573 13255 +911 G4 Iron 7870 0.579 4558 -778




Compare analysis between CATIA and Geant4 COILs

Volume 11. Ribs Inner Parts
. Density Volume Difference i :
Model  Material (kg/m3) (m3) Mass (kgs) (kgs) Model Material (?(g?:lg Volume (m3) Mass (kgs) le{i;;‘lce
Ssteel
CATIA - 3pq ~ 8000 0603 4824 CATIA  Materials* 15.885 44122
Iron 7870 0.454 3576 -12438 G4 Aluminum 2700 13.558 36607 -7299.5
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Compare analysis between CATIA and Geant4 COIlLs

Model  Volume (m3) Mass (kgs) D|ffirence Ay /pif= A1+ Az + A3 + Ay + A5 + Ag + A7 + Ag
(kes) —1'138kg + 14 kg + 158 kg + 1'738 kg — 911 kg
CATIA 24.75 91'914.5 + 778 kg + 1'248 kg + 7'299.5 kg = 11'462.5kg

G4 22.13 80’452 -11°462.5
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IV. Integration conflict checking

&



CATIA

&3 ,.R1.=95’15 mm P—\ \
' \75295 mm{ -

|

|

— I

(% )¢ ) |
: o ‘ 1 I
|

Ap1= Rlcgtia — Rlgegnia = 9’515 mm — 9480 mm = 35 mm

Ar2= R2;4tia — R2¢eanta = 5’295 mm — 5’270 mm = 25 mm
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Conclusion of Hypothesis Il

Hypothesis #02 has been confirmed: The geometry descriptions in the simulation are
not consistent with design geometry description

The COIL was divided into 21 separate volume

Volume and Weight analyses of the COIL have been implemented; Comparison of the
volume and weight between CATIA and XML descriptions have been implemented

Important differences have been discovered for the following volumes: Cryostat Bottom
missing 1’738 kg., Rib missing 1’248 kg., Thermal Shielding missing 2’020 kg., Inner
parts of the COIL missing 5'297.5 kg

It is was found that there was not Thermal Shielding in the Geant4 description
11.5 tones missed materials were discovered for Geant 4 geometry

35mm dispositioning of the COIL has been discovered
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Report on the presentations by Niko TSUTSKIRIDZE
(Technical University of Georgia) on

Devel ( Loop for ATLAS Simulation Pact

We attended Niko Tsutskiridze's presentations at CERN on 2 and 15 July 2014 and discussed the

material that was shown. This work was performed during his stay at CERN from 1st February

to 31st July 2014, and in the context of the PhD thesis miviry on the development of methods

and tools for the investigation of the Geantd geometry in ATLAS simulation packages. This

work is needed by the ATLAS Collaboration in order to have an accurate geomclncll
ion of the d and therefore the best possible simulation and

mulln‘

The “Simulation Loop™ is a way to cross-check the g y rey ions used by several

kages: Geantd, GeoModel, AGDD/Persint (XML representation), SmartTeam. Converters
have been developed to and from cach of these applications with respect to the CATIA
geometrical database. They are used to bring all the geometries into the same framework in order

to compare them for mi hes, overlaps, and diff in total di ions and/or mass of
the components.

The p d the develop of the y geometrical transformations and
howed several ples of the application of this code to geometrical shapes that are part of the
ATLAS Muon System description. Each geometrical shape is first assigned to one of a small
number of topological categories fing to its geometrical prop hether it is isolated or

part of a composite structure, and if there are cut-outs or not. Then for cach category automatic
comparisons have been developed and can be performed systematically.

We conslder Mko Tsutskiridze's work of the highest quality and wish him a successful career in
ineering after the completion of his PhD thesis work.

Geneva, 23 July 2014
Dr. Richard Mount (SLAC, S i, USA), C: ing Coordi A
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Dr. Eric Langon (CEA, Saclay, France), Deputy Computing Coordinator /

Dr. John Apostolakis (CERN, Geneva, Switzerland), Geantd Geometry

Dr. Dario Barberis (Genova University/INFN, Genova, ltaly), Database (‘oordmulrﬂ*é} ‘, \ —

/
Dr. John Chapman (Cambridge University, Cambridge, UK), Simul Technical C

Dr. Philip Clark (Edinburgh University, Edinburgh, UK), Simulation C PLL?'LLLk
Dr. Daniel Froidevaux (CERN, Geneva, Switzerland), Simulation Convener ,f)‘??w«&d"‘-

Dr. Jochen Meyer (CERN, Geneva, Switzerland), Muon Software Coofdimmr/,‘/-'.h v {Af/—

@ European Organization for Nuckear Research
-) Organisation européenne pour la recherche nucléaire ﬁ[ kﬁé N f

Statement on the PhD thesis with the subject

Development of the Geometrical Description of the ATLAS Detector
for the Simulation and Reconstruction Software Packages

submitted by
Niko TSUTSKIRIDZE (Technical University of Georgia)
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interest in themselves, as well as making further investigations possible. With the newly
implemented ability to load geometrical representations as used inside the ATLAS simulation
workflow into a program which is also capable of displaying the models designed for construction,
it is possible for the first time to perform direct comparisons of these two descriptions. As a matter
of principle the simulated detector geometry does not match what can be found in the technical
drawings, however, the amount of discrepancies should be rather low or at least be well motivated.

The work done in this thesis allowed the identification of various examples for which this is not the
case. In order to achieve a better agreement between simulated and real data, the differences listed
in the thesis were reduced in later implementations of the detector description used during
simulation. Therefore the results of this part of the thesis could even have impact on Physics results
published by the ATLAS collaboration because they potentially contribute to a reduction of
systematic uncertainties. Furthermore the applied techniques suggested that unexpected precision
issues were occurring at some point during the geometry parsing. Additional checks are required to
identify their source.

Even though the second major outcome of the performed studies is of a purely technical nature it
has quite some relevance as well The categorization of volume types employed in the simulation
and investigation into different methods of implementing them is a strong basis for future research
to follow. The presented result will be greatly helpful for studies regarding the stability and
technical performance of the simulation software. Modifying the implementation of volumes in the
various ways pointed out in this thesis and monitoring for example the resulting changes in CPU
time could lead to interesting conclusions about the performance.

In summary, the research done in the context of this thesis uncovered some flaws which required
immediate improvement. Additionally there were interesting indications for unexpected features to
be followed up on. Finally it gives a good basis for further studies within the ATLAS simulation
software environment.

e Moy
Dr. Jochen Meyer (Nikhef, Amsterdam, Netherlands)
ATLAS Muon Software Coordinator

61



Thank you for your attention!

Niko Tsutskiridze




