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MDISim TOOL
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• Developed by Helmut Burkhardt (CERN), is a set of  
C++/Root classes that allow to: 
• Run Madx on the desired lattice of the FCC 
• Read Madx output, plot the lattice 
• Calculate Synchrotron Radiation (Power Radiated, Critical 

Energy..) and plot it  
over the geometry using  
Root’s TEve 

• Import geometry and SR in  
Geant to perform full  
simulation

link

http://accelconf.web.cern.ch/AccelConf/IPAC2015/papers/tupty031.pdf


Optics version:  
FCCee_t_85_by2_nosol.seq @ 175GeV

GDML reconstruction of the beam pipe

Beam Origin in 
Geant4 simulation

B1

B2

We generate N “ideal” 
electrons of 175GeV 
starting at the same 
location and pointing 

towards the IP

No real beam parameters for now, but in 
principle easy to consider in Geant



Synchrotron Radiation photons emitted
Transverse 50x zoom (needed 

to gain readability) creates 
apparent “huge deflections” in 

photon’s track!



Beam Gas
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• The beam scattering with residual gas in the vacuum 
chamber can be either elastic or inelastic scattering, in both 
cases the scattered beam particles may get eventually lost



Beam Gas inelastic

6

• Usually the gas Bremsstrahlung lifetime is estimated from the 
integrated cross section via the approximated formula:
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FCCee case:

At LEP off-energy particle background was largely dominated by 
beam-gas bremsstrahlung along the straight sections  

[lifetime = 430 h, P=10-10 Torr, NIM A 403 (1998) 205-246]

cross section ~ 6 barn 
lifetime ~ 400h
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Z=16 (CO,	N2) 
P=0.1	nTorr
eRF=0.071

cross	section	=	7.	4	barn
lifetime	=	387	hours	
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Beam Gas elastic
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HALO ESTIMATES AND SIMULATIONS FOR LINEAR COLLIDERS

H. Burkhardt, L. Neukermans, A. Latina, D. Schulte, CERN, Geneva, Switzerland;

I. Agapov∗, G. A. Blair (Royal Holloway, University of London; Surrey)

F. Jackson (STFC/DL/ASTeC, Daresbury, Warrington, Cheshire)

Abstract

Halo simulations and estimates are important for the de-

sign of future linear accelerators. We describe the main

processes with analytic estimates and present our generic

simulations in application to the ILC.

INTRODUCTION

Halo particles contribute very little to the luminosity but

may instead be a major source of background and radia-

tion [1]. Even if most of the halo will be stopped by colli-

mators, the secondary muon background may still be sig-

nificant [2, 3].

We study halo production with detailed simulations, to

accompany the design studies for future linear colliders

such that any performance limitations due to halo and tails

can be minimised [4].

We calculate and simulate particle scattering and radia-

tion processes. Core particles can significantly increase in

amplitude and become halo particles by the following pro-

cesses :

• Beam Gas elastic scattering, multiple scattering

• Beam Gas inelastic scattering, Bremsstrahlung

• Scattering off thermal photons

• Intrabeam scattering

• Synchrotron radiation

Experimental evidence for the importance of particle scat-

tering processes in the production of halo particles was ob-

served storage rings [5].

Intrabeam scattering is important at low energies and in

particular in the damping ring. The simulation of this pro-

cesses is currently outside the scope of this study.

In addition to particle scattering processes, optics re-

lated effects like mismatch, coupling, dispersion and non-

linearities can enhance the beam halo. This is studied by

combining the halo generation with detailed tracking pro-

grams and also allows to study the effect of wake fields,

alignment and ground motion on the core and halo of the

beam. We currently provide interfaces between our halo

generation by particle processes and the optics tracking

programs like PLACET [6] and MERLIN [7]. Synchrotron

radiation is included in the tracking programs and has re-

cently been further optimised [8].

∗ now at CERN

The Monte Carlo halo generator code for the particle

scattering processes is provided as program package HT-

GEN [9]. The package includes documentation, installa-

tion instructions, standalone test procedures for each pro-

cess as well as interface routines for the PLACET and

MERLIN programs.

In the following, we will look closer into the use and ap-

plication of the halo generation package. For the illustra-

tion and estimates, we will concentrate here on the LINAC

and BDS sections of the ILC and refer to [4] for CLIC.

MAIN PROCESSES

Elastic scattering

In the elastic process of Mott scattering, the incident

beam particle is deflected by the Coulomb potential of the

particles in the residual gas. Elastic scattering changes the

direction of the beam particle while its energy is not af-

fected. Elastic scattering can lead to large betatron ampli-

tudes and loss of particles at collimators or any other aper-

ture restriction.

The angular distribution of the scattered electron is given

by [10]

dσel

dΩ
≃
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β2

2
(1 − cos θ)
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Note that β is here the velocity in units of the speed of light.
For a simple estimate, we use β = 1 and 1 − cos θ ≈ θ2/2
and see that the angular distribution is dominated by the

Coulomb term 16/θ4.

The total cross section is obtained by integration over

the solid angle. Relevant for halo production are scattering

angles which exceed the beam divergence, or roughly

θmin =
√

ϵ/βy =
√

ϵN/γβy (2)

where ϵN = γ ϵ is the normalized vertical emittance and
βy the local vertical beta function. Using the same approx-

imations as above, we get as a simple estimate for the in-

tegrated elastic cross section as a function of the minimum

scattering angle

σel =
4π Z2 r2

e

γ2 θ2
min

, (3)

where Z is the charge of the nucleus, re the charge of the

nucleus and γ the Lorentz factor E/mc2 of the electron.

Using Eq. 2 we can rewrite the cross section in terms of the

total cross section
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Due to the small ε, elastic can be significant!

✓min = n� ⇥ BeamDivergence



Beam Gas
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• The detailed study of Beam-Gas interaction can be done in 
Geant4 

• To evaluate this quantity, it is possible to score in Geant the 
particles that exit the volume of the pipe and enter the 
surrounding vacuum: 
• Scoring approach: 

• if (ThisVol==Pipe && NextVol==Vacuum) … 
• For each particle exiting the pipe we score its position, 

direction and energy…
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Particle Loss Z Map

Beam Origin

Vertical Axis needs to be 
fully understood



Conclusion and next 
steps
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• MDISim provides a way to make a detailed model of 
Synchrotron Radiation in Geant4 

• The same model can be used for Beam-Gas studies 

• A goal is to predict flux and distribution of Beam-Gas 
background into the interaction region
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