MolFlow and SynRad
development update

2025-02-25 TE-VSC seminar
Marton Ady, Petar Trifunovic
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Test-particle vacuum simulator

Uses Monte Carlo test particles
Assumes molecular flow

Written by Roberto Kersevan in 1990s
Modernized at ESRF in 2008
Developed at TE-VSC since 2012
Approx. 1000 users
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onte Carlo simulation: Transmission probability

o
Entrance ® Exit




Simple sputtering simulation

MolFlow for sputtering simulations

With background gas
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Collision between two particles
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Describing hard sphere collisions:

D
TRES on 0

- . v,

Azimuthal scattering angle ¢ has uniform PDF due to cylindrical symmetry

Polar scattering angle 6 based on linear PDF of “impact parameter” b (cf “differential cross sections”)

New speed v is defined uniquely by 6 (b)

p-

5 —1
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gas

From Fabian Mar?ke




green lines: particle trajectories

purple dots: collision locations
red dots: absorption locations on walls
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reference — no background with background gas



Water vapor sticking
OO0

Exponential PDF

Probability of sojourn time t:

p(t) = Afe 4/t -\

where

Prabat ity Dens ity

e f: Molecule's surface oscillation frequency [Hz]
e E: Adsorption energy [J/mole]

e A: Escape probability per oscillation:
A=exp(—E/(RT))
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Time-dependent mode in MolFlow

t= 4e-006 s

Screencast-O-Matic.com

CLIC cavity geometry: Cedric Garion

Problem: No connection between independent time moments
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New features

New plotter window
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Particle balance example

* Mean residence time: 0.2s
 Qutgassing: from0to 0.1s
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Automation with MolFlow

Change physics or Run MolFlow

. Extract results —
geometry programmatically

Python XML interface Python XML interface

* Parameter sweep
* lterative simulations
molflowCLlI « Result-based optimization

molflowCLI.exe —--file inputFile.xml -t 3600 -o ./outputFile.xml
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Python XML interface

* Python is an easy to learn, popular programming language

e XML is a file format — both machine and human-readable

| ooks like a tree
* Non-linear, can be searched

MolFlow file

Results

Geometry Pressure Particle balance

J e J
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Published as Python module or Jupyter notebook

< C @ W % gitlab.cern.ch/molflow_synrad/molflowxmiparser/-/tree/main ] C) '::

U O + M & molflow_synrad / molflowXMLparser / Repository

o1 i e

MolFlow XML file Python interface

Q, Search or go to...

This project aims to provide a Python interface to MolFlow-written XML files.

Project
M molflowXMLparser Prerequisites
Pinned v
s Python 3 (tested on Python 3.12.4 in September 2024)
Issues 0 * No Python packages are required ( xml.etree.ElementTree is part of the default Python installation)
Merge requests 0
Usage
Commits g
Tags » Clone the repo to a local folder
Pipelines .
As Python script
Releases
* Run main.py to try out if the package works. It loads an example file, and calls run_demo from demo.py to demonstrate most commands. Results are written to command line.
88 Manage > * Now modify main.py by changing default content:
& o Specify your custom input_fileName variable
Plan >
o Optionally also specify output_fileName and set write_result to True to save the modified file
<> Code v o Change the --—-Do your stuff here--- section to what you actually want to do (by default it calls the demo)
Merge requests 0

As Jupyter notebook

Repository
I + Open demo_notebook.ipynb in a Jupyter environment (for example Visual Studio Code)

Branches

Commits Current state

Tags
As a proof-of-concept, it currently allows to...

Repository graph
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Examples

Specify input and output paths

In this example we don't write the modified file, otherwise set write_result to True

input_fileName = "examples/guickpipe.xml" # .xml or .zip
output_fileName = "out/output.zip" # .xml or .zip
write_result = False # save loaded file at script end

Facet count

y_coord_2 = get_vertex(root, 2).y
print(f"The Y coordinate of vertex 2 is {y_coord_2}")

facet_count = get_facet_count(root)

print(f"The geometry has {facet_count} facets.")

The ¥ coordinate of vertex 2 is 0.9510545162951535

The geometry has 7 facets.

Change physics:

Update the temperature on facet to 400K

Facets

Print pressure on facet at moment O (const. flow)

print(f"Temp on facet id {facet_id} was {get_temperature(facet_node)} K")
set_temperature(facet_node, 400.8)

print(f"Pressure on facet id {facet_id} is {get_facet_pressure(root, facet_id, moment_id)} mbar")

print(f"Temp on facet id {facet_id} is now {get_temperature(facet_nodel)} K")

Pressure on facet id 3 is 0.17865621366500498 mbar

Temp on facet id 3 was 293.15 K
Temp on facet id 3 is now 400.0 K




Cross-section viewer
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Rich facet and vertex

movement

* SynRad movement using beam

trajectory points

* Two points of a trajectory define the
movement parameters:

* Direction,
 Distance,
* Rotation.

Move facet b
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Rich facet and vertex
movement

* SynRad movement using beam
trajectory points

* Two points of a trajectory define the
movement parameters:
 Direction,
 Distance,
* Rotation.

Example (top view):
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Rich facet and vertex movement

SynRad movement using beam trajectory points:
* Why add this feature?

Problem:

* Moving or duplicating smaller pieces of geometry along longer pipes.
* Long pipes usually contain beams whose trajectory is aligned with the pipe.

The old “solution”:

* Using the Move and Rotate options separately, manually calculating the rotation.

The new solution:

» Selecting the appropriate trajectory points while SynRad does the rest.
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Rich facet and vertex movement —a simple demo
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Rich facet and vertex movement — FCCee demo
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New feature — extracting data along a path

* Problem:

* |tis often required to extract simulation results (e.g. pressure, impingement rate...) along a certain
path in the geometry.

e The old solution:

* For straight paths, it could be sufficient to add a transparent facet that stretches along the desired
path and “records” results.

* For curved paths, this can be hard:

Fenna Ukena, Experimental Measurements of Electron Capture and Loss Cross Sections of lons with Gaseous Targets, CERN VSC group seminar, 21 January 2025 24



New feature — extracting data along a path

* Problem:

* |tis often required to extract simulation results (e.g. pressure, impingement rate...) along a certain
path in the geometry.

e The old solution:

* For straight paths, it could be sufficient to add a transparent facet that stretches along the desired
path and “records” results.

* For curved paths, this can be hard.

* The new solution:
* Allow the user to define a data extraction path by specifying the points in space it consists of.
 Read simulation results from the surrounding facets.
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Extracting data along a path — a preview

M MolFlow

Fi




Extracting data along a path — an important use

case
e FCC-ee:

 Using curved geometries at CERN is a very common practice.
* The new feature will be useful for simulations for the FCC-ee.

l Synrad+ 1.5.8 beta (Feb 4 2025) [FCCee-Z-572-arc-60mm_4mmClLabs_ABS1_ABS26_Stef_newST_4n
File Selection | Tools Facet WYertex View Test Regions About

* The SynRad version will include data extraction along trajectory
points
95/02/2025 Marton Ady & Petar Trifunovi¢ | Updates on MolFlow and 27

SynRad development



