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To explore the behaviour of secondary particles in the Accelerator Test 
Facility (ATF2) beam line a BDSIM model was constructed, including 
external fields around the beampipe and magnet element geometry to 
determine their effect on energy deposition and secondary particle 
transmission.

It was observed that the BDSIM model produced a good optical match of 
the existing models and that the effect of the external fields was to cause 
deposition of energy earlier along the beamline.

�‡ A magnet is defined via an array of 
coordinates & arcs bounding each 
material in an octant on the x-y plane.

�‡ A Poisson Superfishnumerical solution 
is used to solve for the field [1].

�‡ A Geometry Description Markup
Language (GDML) file �t suitable for 
Geant4 - can be constructed by 
extruding the section along the z axis 
using the pypoissonlibrary. (Fig.3)

�‡ Coil geometry is simplified, files 
provide field topology but 
underpowered strength, avoiding 
saturation effects at high current. 
Fields are then scaled to strength later.

�‡ BDSIMmirrors the fieldand constructs 
a 2D cubic interpolator over the 
magnet area for a complete 
description. (fig. 4)

Fig. 1: Magnet in Poisson

Fig. 2: Solved field for magnet

Fig. 3: Result Geometry

�‡ Magnet strength can be broken down into multipole effects[2]:

�‡ Coefficients �ƒx, k, �u�Y��identify multipolestrength (e.g. quad-pole k = s2):

�‡ ATF2 elements have recorded values for these coefficients from their 
MADX definitions.

�‡ Recorded values can be compared with field map estimates.
�‡ A 4-point central difference formula is used:

�‡ Etrunc(O)4 error is proportional to h4,[3] negligible when h ~10-3m.

Fig. 4: Interpolated Field Map.

(4) MADX Documentation (http://CERN.ch/madx)
(5) BDSIM Manual (http://www.pp.rhul.ac.uk/bdsim/manual/)

�‡ There is already a Methodical Accelerator Design X (MADX) model of 
the ATF2; however MADX only simulates primary particles within the 
beamline and elements exist as sets of parameters[4]. 

�‡ MADX produces accurate optical models but is limited as it does not 
simulate secondary particle production or track lost particles.

�‡ This can be handled in BDSIM, as well as tracking within the pipe.
�‡ Output from MADX and BDSIM models is comparable via Python 

libraries pymadxand pybdsim. 
�‡ MADX models can also be converted to BDSIM models with default 

geometry and only internal fields.

Fig. 5: A representation of a MADX beamline

Fig. 6: A section of the same beamline in BDSIM.

�‡ Beam behaviour corresponds to 
existing simulations at ATF2 
operating emittance (�t 
H�s�r�?�=�I ).

�‡ Beam size in both transverse axes 
agrees well in this range.

�‡ In this range losses are statistically 
unlikely as the beam envelope is 
very tight and the walls of the 
beam pipe are >10�• from the 
beam at all times, no losses were 
observed in 10,000 simulated 
particles.

�‡ Emittance was raised artificially by 
a factor of 10000 (to �t 
H�s�r�?�9�I ) 
to produce a wider distribution 
with greater losses and simulate a 
possible halo that may accompany 
the core beam during operation.

�‡ External fields cause energy 
deposition earlier in the beamline, 
seen in Fig. 8 in red.

�‡ External elements also seem to 
cause a small increase in lost 
energydeposition �t either by 
physical absorption or by focusing 
secondary particles towards the 
accelerator.

Fig. 7: BDSIM/MADX comparison.

Fig. 8: Energy Deposition comparison.

Fig. 9: Beam Profile with no external fields

Fig. 10: Beam Profile with external fields.

Key
- Dipole Magnet
- Quadrupole Magnet
- SextupoleMagnet


