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Geometry: advanced GUI tools

e Detector configuration: advanced settings

World Tree | Dummy PMs | Test | GDML

Tree of geometry objects: use context mer

v World
v AlBox
CutOff
¥ InnerVol
R —
v Stack
T Cu00
4+ Kapton0
1+ Cu01
1+ GO
1 Glasso
- GasGap0
4+ Converter0
#+ Al
4 Converter1
4 GasGap1
1+ Glass1
1+ G1
1+ Cul10
1+ Kapton1
- Cul1

Use script to add objects

Geometry -> script

Name: |Container

X full size: 110
Y full size: |110
Z full size: |10

Box
Material: | Air
mm
[ mm

| mm

() Apply scaling Factors

Transform to ...

Info on this shape

7 mm Phi: |90

mm Theta: -90

mm Psi |90

Color/line Script to clipboard

Confirm changes

Check geometry for conflicts

Cancel changes

() Auto-check

e Geometry

View  Markers

TGeo viewer

Redraw
Perspective 2
| Show world
) Color: material
| Show axes

Transp: |80 |_

| Max:

Show PM #s
Show mon #

Show tracks

Clear tracks

Clear markers

Save image

Switch to view:

Top
Front

Side

Lines Zoom

Tree view of the detector volume hierarchy
Context menu to add / remove / duplicate / disable volumes
Drag-and-drop to move or reorder objects
Property edit box for the selected object



Geometry: advanced GUI tools

JSROOT visualization

e Geometry

JSROOT viewer 2
Redraw

Perspective s

() wire-frame

) Show world

() Color: material

Show axes
Transp: |50 | .
() Max:

Show PM #s
Show mon #

Show tracks

Clear tracks

Clear markers

Save image

Switch to view:

Top

Front

Side




Geometry: advanced GUI tools

Arrays of objects

e Detector configuration: advanced settings

World Tree i Dummy PMs = Test = GDML

Tree of geometry objects: use context mer
v World
¥ OuterArray
¥ Tube1

L —Box1
Polygon1

| Use script to add objects | | Geometry -> script |

Array
Name: InnerArray |
NumberinX: |2 s StepinX: |6 | mm
NumberinY: |3 = StepinY: |6 | mm
Numberinz: |1 = StepinZ: |6 | mm
X: |15 | mm Phi: 0 s
Y: |5 | mm Theta: |0 2
z |0 | mm psi: o 2
Show [ | Color/line | | Scripttoclipboard |
. Confirm changes | | Cancel changes

| Check geometry for conflicts | (") Auto-check




Geometry: advanced GUI tools

Stacks of objects

e Detector configuration: advanced settings

World Tree i Dummy PMs Test = GDML

Tree of geometry objects: use context mer
v World

Stack1

Plate3
Cone1l
Trap1
Plate2
Tube1

- A plate1

Stack
Name: }»Stackl \
Show [ | Color/line | | Scripttoclipboard |
| Confirm changes \ Cancel changes
| Use script to add objects | | Geometry -> script | | Check geometry for conflicts J () Auto-check




Geometry: advanced GUI tools

Monitor objects

e Detector configuration: advanced settings

World Tree | Dummy PMs | Test | GDML

Tree of geometry objects: use context mer
v World
Sp1
UpWin
Sp2
¥ PrScint

Sp4

Name: |Monitor_gamma

Sensitive:

From top and bottom

Monitor

Shape: Recta_nguﬁar

Size X: |8

mm Phi: |0
mm Theta: |0
mm Psi: |0

mmY: |8

Show sensitive direction

Use script to add objects

mm

e Results/Output

og PMsignals

Selected

monitor:

PM signals viz

Monitor_gamma index=0 2|0

Eventviewer = Particle log = Photon log

Monitoring: | Particles = "] Stops tracking
Particle: | gamma + | |PrimtSec 2| | Dirtindir 2
Position 50 Y bins: | 50 =
100 from: |0 to: [100 ns

Angle 100 from: |0 | to: |90
Energy 100 from: |0 | to: |200 kev 2

Color/line Script to clipboard

Confirm changes Cancel changes

Geometry -> script

Check geometry for conflicts

] Auto-check

Show monitor settings

Detections: 31083

Distributions:

Spatial (XY)

Time

Angle

Energy

e Cursor coordinates: 2.747: 5

Export  Palet V
") Toolbox ON/OFF

Range:

X:|-4 -4

Y:|-4 -4

zlo =108
Za?!n UnZan
) Gridx (] GridY
") LogX [J) LogY

Show stats panel
() show fit params

Addlegend X
Addtext =X
Root draw options:
colz
Attributes

Basket | Add

Extract fwhm/mean
Show base line

Back to last drawn

N

(=)

F Entries 31083 100

(. . Meanx  0.00381

E Meany -0.009615

[ StdDevx 09378 30

C StdDevy 0.9389

F W 60

= 40

F = L 20

= 1

C & =

Covvn bl b b b bov i beay o
g} = = &

X, mm

Monitors

Next




ANTS2 - Geant4 interface :

Goal:

Delegate particle simulations from ANTS2 to Geant4 and import back the energy
deposition data (optionally also data from monitors / tracking history)

Challenges:

e ANTS2 uses TGeoManager 3D navigator from CERN ROOT, so detector
geometry is configured in TGeo format
o ANTS2 also uses custom system of materials
e ANTS2 have many options for primary particle generation (e.g., models of
radioactive sources and script-based generator)
Need to configure Geant4 simulation without C++ code re-compilation
Need compatibility with ANTS2 multithreading and simulations on ANTS2 grid



ANTS2 - Geant4 interface

Geometry
+

materials

Simulation
manager

Thread #1

ANTS2 without Geant4:

Generate
primaries

Thread #N

Generate and
track photons

Generate
primaries

Generate and
track photons

Reconstruction
manager

A

Event
viewer

History
analyzer




ANTS2 - Geant4 interface

10

Geometry
+

materials

A

Simulation
manager

p

- Geant4 physics list
- Sensitive volumes
- Geant4 instructions
- Step limiters

AN )

ANTS2 with Geant4:

Generate and

track photons

Generate and
track photons

Reconstruction
manager

A

Event
viewer

History
analyzer

Files with energy deposition nodes
+ (optional) tracking history

Thread #1
Generate Er)gc?;rs]zl'
primaries Gaants
Thread #N
Generate Externa!
rimaries process:
P G4ants
o
|
|
I " .
' Files with
. primaries

+ (optional) data from monitors



ANTS2 - Geant4 interface
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ANTS2 GUI: configuration of Geant4

simulation settings

e Ants2 <-> Geant4 exchange settings
Physics list
QGSP_BERT_HP

Click and select one of the standard lists:

Geant4 commands before simulation start:

/process/em/fluo true
/process/em/auger true
/process/em/augerCascade true
/process/em/pixe true
/run/setCut 0.01 mm

Targe

Accept changes

Precision in tracking log: | 6

£0.5

Cancel

-
-

-

Sensitive volumes: Step limits (Volume_name step_mm):
Scint* Scint* 0.1

G4ants executable:

Reads configuration file
Generates Geant4 detector geometry and
materials described in the GDML file
Configures physics list and sets step limiters
Creates Geant4 SensitiveDetectors

o for each sensitive volume: to collect

energy deposition data

o for each monitor object (if present)
Configures SteppingAction (if tracking history
collection is activated)
Executes additional Geant4 configuration
instructions given by the user
For each event, reads records of the
primaries from the file and simulates them
one by one



Event viewer and history analyzer 12

Event Viewer: tree view of all transportation and interaction history. Flexible
configuration to show only relevant information. Track view with step indication.

P

e Results/Output

Textlog = PMsignals | PMsignals viz | Eventviewer | Particle log = Photon log = Monitors

Show event filters (affect 'Next' and 'Previous' navigation buttons at the bottom)
Lines Zoom
Particle tracking history
¥ neutron
C World Vacuum E=3.656
v neutroninelastic Converter0 B4C E=0
» alpha
> Li7
v gamma
C Converter0 B4C E=4.78e+8
compt AlBox Al E=2.898e+8
O E=2.898e+8

Hide all transportation steps

Precision: |4 | _ Default expansion level: |2 | 2
| Position, mm | Step, mm Kinetic energy meV :
Volume name ] Volume index (") Deposited energy | kev -
Material | Time | ns = B

Show tracks

- S : | Show PM signals
| Suppress indication of secondaries

Inspect event: | 6 < Previous Next Number of events: 10000




Event viewer and history analyzer 13

Event analyzer: “In volumes” tab

e Results/Output -

Textlog = PMsignals = PMsignalsviz = Eventviewer | Particle log | Photonlog | Mor <;»

Before simulation activate acqusition of particle tracking log!

Statistics on:
e Particles seen
e Processes seen
e Traveled distance
e Deposited energy

Limit to particle: |neutron
Only primaries Limit to the first interaction of the primary

| Only secondaries
Involumes | On the borders

Request what: | Get processes

Very flexible cuts!

Limit to material: Al 2
~ | Limit to volume:

"] Limit to volume index:

Request
Processes found:

In 42203 times
Qut 41850 times
nCapture 101 times
nElastic 252 times




Event viewer and history analyzer 14

Event analyzer: “In volumes” tab

e Results/Output X

Text log PMsignals = PMsignals viz | Eventviewer | Particle log | Photonlog | Mor<{»

Before simulation activate acqusition of particle tracking log!

Limit to particle: | neutron

e Cursor coordinates: 1676: 176

Only primaries Limit to the first interaction of the primary Export Palette  View
- "] Toolbox ON/OFF *
Only secondaries - Deposited energy
X0 =|{1500 =
Y:{0 -1362.3 350—_
C Entries 6448
Involumes | On the borders - o o
Zoom Unzoom 300_— Std Dev 2114
Grid X Grid Y r
] Log X Log Y 250—
Request what: | Get deposited energies - | | With secondaries 2 il N
Add legend — X 200:_
Addtext /X C
Limit to material: R134A : Root draw options: B
_ 150
Limit to volume: _ Attributes .
o . ) Basket | Add C
Limit to volume index: e 100
Extract fwhm/mean I
Show base line 50l
- Back to last drawn
-Bins: | 100 - From: |0 to: |0 00‘ 1 e .Tlr x10°
, —> - .
, — Energy, keV
Request




Event viewer and history analyzer 15

Event analyzer: “On the borders” tab. Statistics for particles crossing volume borders

e Results/Output P

Textlog | PMsignals = PMsignals viz = Eventviewer | Particle log | Photon log
Before simulation activate acqusition of particle tracking log!
Limit to particle: |neutron
"] Only primaries "] Limit to the first interaction of the primary
| Only secondaries
In volumes | On the borders
¥: VS: zZ
"] average per bin ) and vs (3D):
Conditions: | X<-20 && (Energy < 2.49e-5 || Energy > 2.51e-5)
Limit material from: | Al s Limit material to: | Vacuum

Limit volume from: "] Limit volume to:

"] Limit vol index from: | Limit vol index to:

-Bins: | 100 - | from: |-40 to: |40

| Bins: | 100 ~  from: |-40 to: |40

Monitors

Requests / cuts:

Arbitrary combination of parameters,
including position (X, Y, Z), Energy,
Time, and direction vector components
(Vx, Vy, Vz) and mathematical
expressions and logical operations
supported by TFormula class of ROOT,
e.g., 2% pi*sqri(X*2 +Y"2)

e Cursor coordinates: 18.36: 50

Export Palette View
nolBax O N/OFE Y vs Z, with X<-20 && (Energy < 2.49e-5 || Energy > 2.51e-5)
Range:

Request

Extract fwhm/mean
Show base line

Back to last drawn

X:[-a0 -[40 > 40
¥:[-40 -[a0 B
zo -[2a 30—
=
Zoom Unzoom =
) GridX () GrdY 20 [
") LogX [ )logY .
Show stats panel E
10—
Add legend — X -
Addtext — X 0 C
Root draw options: C
colz =
Attributes -10 =
=
Basket Add -

Spatial distribution of back-scattered neutrons



Semi-automatic detector optimization

Detector optimization over several “entangled” parameters:

e Brute force approach: perform simulations covering a large grid in a
multi-dimensional parameter space
e A smarter approach: implement a minimization algorithm operating with a

custom cost function
On each call from the minimizer, the function

receives a value for each optimization parameter
modifies the detector model according to the parameter values
runs a simulation

processes the results

VvV V Y Y

calculates the value of a user-defined goodness parameter and

returns it to the minimizer



Semi-automatic detector optimization

In ANTS2 this minimization-based approach is realized using the scripting system

(JavaScript or Python):

e Access is provided to a CERN ROOT minimizer
e An arbitrary number of parameters can be configured
o These parameters can have a defined upper and/or lower bounds
e Custom cost function is defined directly in the script (no compilation is
needed)
o It is straightforward to change any detector property: configuration is
stored in a JSON object (collection of key/value pairs)
o Scripting gives access to the simulation and reconstruction managers,

the data hub and the history analyzer



Semi-automatic detector optimization 19

An example: Optimization of an RPC neutron detector

Parameters: 5 thicknesses of neutron converter layers s

Cost function: A product of an equality parameter and the total detection efficiency:
we target to equalize the count rate of all individual RPCs as much as possible maintaining

high detection efficiency

50.45
§ 04§— e Optimization started from converter layer
20,351 thickness of 1 um for all RPCs
3 990 e After 87 iteration (20 minutes) an optimum
0.25 was found with layer thicknesses of
02“ 0.36, 0.46, 0.72, 1.23 and 2.54 pm
0,151 e Compared to the detector prototype, we
6= were able to improved the equality
- parameter by a factor of 2.5
0.05

OWIIII|\III|\III|IIIK|III\|III\|IIII‘IIIIlI\IIlI\II

0 10 20 30 40 50 60 70 80 90 100
lteration number




Future work

e Develop web interface for ANTS2 targeting didactic / outreach activities

e Implement VecGeom geometry manager and navigator for direct compatibility
with Geant4

e |mplement tracing of optical photons on GPU (ambitious!)

e ANTS2 as a Python package?

Open source at Github:

https://github.com/andrmor/ANTS2  (use Dev branch for the latest features)
https://github.com/andrmor/G4ants

If you have questions, send them to andrei@coimbra.lip.pt



