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XSuite presentation

G. Iadarola et al., 
Xsuite: An integrate
d beam physics sim
ulation framework
CEI section meeting 
03/11/2022

https://indico.cern.ch/event/1211085/contributions/5093595/attachments/2540891/4404886/016_xsuite_status.pdf
https://indico.cern.ch/event/1211085/contributions/5093595/attachments/2540891/4404886/016_xsuite_status.pdf
https://indico.cern.ch/event/1211085/contributions/5093595/attachments/2540891/4404886/016_xsuite_status.pdf
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XSuite presentation

Hardware

External libraries
(lower-level, interface with hardware)

High level methods and 
objects, building blocks for 
the physics simulations

G. Iadarola et al., ibid
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XSuite presentation

PyHEADTAIL.particles

PyHEADTAIL.impedances PyHEADTAIL.feedback
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XSuite presentation

PyHEADTAIL.particles

PyHEADTAIL.impedances PyHEADTAIL.feedback

xpart.enable_pyheadtail_interface()

● enable_pyheadtail_interface() translates the particle 
coordinates from XSuite to PyHEADTAIL and vice-versa

● Particle distributions are generated with Xpart generators
● Longitudinal and transverse tracking are performed with 

Xtrack objects
● Impedance and transverse damper effects are computed 

with PyHEADTAIL objects, then coordinates are translated 
to XSuite
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● Scripts and input data are collected in Gitlab repository 
https://gitlab.cern.ch/muon-collider-bd/muc-impedance

RCS parameters and beam dynamics 
scripts

Scripts and notebooks 
related to the 10 TeV collider

Python package with modules for 
machine parameters

Scripts and notebooks for 
the different RCS

https://gitlab.cern.ch/muon-collider-bd/muc-impedance
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● Scripts and input data are collected in Gitlab repository 
https://gitlab.cern.ch/muon-collider-bd/muc-impedance

● The mucimpedanceparameters folder is a python package and must be 
pip installed
– Requires recent versions of pip and setuptools (tested with versions 23.2 

and 68.1)
– Provides modules particle_parameters.py and synchrotron.py

RCS parameters and beam dynamics 
scripts

https://gitlab.cern.ch/muon-collider-bd/muc-impedance


2023-12-12 XSuite for RCS beam dynamics 10

● The synchrotron.py module 
provides a Synchrotron class

● This class requires a parameter 
file as input, with the main 
machine parameters

● Config files are present for RCS 1, 
2 and 3, values are based on IMCC 
parameter report/Fabian’s table

RCS parameters and beam dynamics 
scripts
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● XSuite uses Line objects (part of Xtrack) to model a ring
– A line can contain all kind of elements defined in Xtrack: bends, 

quadrupoles, multipoles, RF cavities, electron lenses...
– For our studies, we use LineSegmentMap elements (analog to the 

TransverseMap and LongitudinalMap objects of PyHEADTAIL)

Simulation setup
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Simulation setup

LineSegmentMap
Longitudinal map
(including acceleration)
+ Transverse map

RF stationRF station

RF
 s
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tio

n
RF

 s
ta

tio
n
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Simulation setup

Wakefield
Damper
PyHEADTAIL objects
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Simulation setup

ParticleMonitor
Longitudinal and Transverse
apertures
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Simulation setup

Create the XSuite line used for tracking
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Simulation setup

● This process is repeated for all RCS we want to study
● Each RCS parameter can be set with the configuration file + inputs inside 

the scripts (number and location of dampers, wakefield model to use...)

● Now we need a distribution of particles that will be tracked through the 
different lines

17 turns 55 turns 66 turns
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Simulation setup
If we are currently studying the first RCS in the 
chain, we must generate the particle 
distribution beforehand.
Otherwise we use the distribution that comes 
out of the previous line.

Longitudinal bunch matching.
Xsuite routines are the same as 
PyHEADTAIL’s.

Given:
- the RF bucket parameters
- and the target longitudinal emittance
The matcher will try generate the 
longitudinal distribution

Transverse coordinates generation

A particle distribution is then 
created, and will be tracked 
through the different lines
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Example of start-to-end simulations

● Example of a simulation in RCS 1, 
RCS 2 and RCS 3 chain
● 17/55/66 turns of acceleration in 

RCS1/2/3
● 32 RF stations in each RCS
● Chromaticity Q’ = 0, no impedance, no 

initial transverse offset
● There is a beam monitor at each RF 

station
● Total of (17+55+66) * 32 = 4416 

measurement points
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Example of start-to-end simulations

Bunch is matched 
longitudinally at injection 
into RCS 1

Some particles are lost in 
the first turns after 
injection
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Example of start-to-end simulations

Bunch is matched 
transversely at injection 
into RCS 1

Bunch centroid motion is 
stable

The losses are only 
longitudinal (not visible 
on this scale)
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Example of start-to-end simulations

Bunch is matched 
transversely at injection 
into RCS 1

Bunch centroid motion is 
stable

The losses are only 
longitudinal (not visible 
on this scale)

Warning
XSuite LineSegmentMap appears to 
have a bug in the particle 
transverse coordinate update with 
acceleration → these results are 
with a patched version
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Example of start-to-end simulations

● Animation of the longitudinal phase 
space evolution over the three RCS



2023-12-12 XSuite for RCS beam dynamics 24

Example of start-to-end simulations

● Chromaticity Q’ = 0
● No impedance
● Initial transverse offset = 1 mm at each 

machine injection
● A 20-turn transverse damper is included in 

each ring (at station #9)
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Example of start-to-end simulations

● Chromaticity Q’ = -20 (natural chromaticity)
● TESLA cavities impedance model is 

included
● No initial transverse offset
● A 20-turn transverse damper is included in 

each ring (at station #9)
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Example of start-to-end simulations

● Chromaticity Q’ = +20
● TESLA cavities impedance model is 

included
● No initial transverse offset
● A 20-turn transverse damper is 

included in each ring (at station #9)



2023-12-12 XSuite for RCS beam dynamics 27

● The start-to-end simulation in the RCS chain is now laid-out with XSuite
– Easy to change a machine parameter (config files), easy to add a RCS (RCS 4 

for acceleration to 5 TeV)
– Already some effects can be studied: impedance, transverse damper, 

chromaticity...
– Effects implemented in XSuite can be added: beam-beam, detailed lattice, 

apertures…
● Codes are available on gitlab https://gitlab.cern.ch/muon-collider-bd

– muc-impedance repository for the impedance and beam dynamics code
– Muon Docker for the docker image developed by Erik to launch simulations 

on the batch syst

Overview and next steps

https://gitlab.cern.ch/muon-collider-bd
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● Restart the parametric studies
– Find the limits for the cavity and beam pipe impedance
– Chromaticity, transverse damper, possibly Landau damping as mitigation 

measures for coherent instabilities
● The acceleration model could be refined to account for the real ramp 

function of the RCS
– Possible interfacing with the rcsparameters class being developed

Overview and next steps
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Thank you!
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Beam and machine parameters for the 
RCS 1

Machine parameters Unit Value

Circumference m 5990

Beam momentum GeV/c 63
Energy increase per turn GeV 14.7

Rev. frequency kHz 50

RF frequency MHz 1300

Harmonic number 25957

RF voltage GV 20.9

αp 0.0024

Avg. beta x/y m 50 / 50

Chromaticity Q’x/Q’y 0/ 0

Detuning from octupoles 
x/y

m-1 0 / 0

Beam parameters Unit Value
Synchrotron tune Qs 1.8
Synchrotron period turns 0.55
Bunch length 1σ mm 5.7
Bunch intensity Particles 

per bunch
2.6e12

εx / εy μm rad 25
# of macropaticles 50000

Parameters from F. Batsch RCS tables


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30

