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New versions of the BEAMDULAC code are described. Such code can be used for high intensity ion beam dy-
namics investigation in linear accelerators. New abilities of the code are presented and the code testing is observed.
A code version for beam dynamics investigation in a beam transport channel is also discussed.

PACS: 29.17.+w, 29.27.Bd
1. INTRODUCTION

The correctly investigation of a self-consistent beam
dynamics in linear RF accelerators and beam transport
channels is one of traditional tasks. The influence of the
beam Coulomb field is the main problem for low-energy
high intensity ion accelerators. The accurate calculation
of this field is a problem in beam dynamics. Several
methods of Coulomb field treatment are well known: a
uniformly charged ellipsoid, particle-to-particle meth-
ods and particle-in-cell methods.

A number of codes for beam dynamics study, such
as DYNAMION, TRACE, PARMELA, COBRA and et-
cetera are well known. Each of these codes has own
range of the application, own abilities and drawbacks,
different methods for Poisson and motion equations
solving are used.

The BEAMDULAC code was developed at Moscow
Engineering Physics Institute by E.S. Masunov,
N.E. Vinogradov, and S.M. Polozov in 1999. This code
was early computed for self-consistent beam dynamics
study in an axisymmetric radio frequency focusing
(ARF, [1]), a ribbon radio frequency focusing (RRF,
[2]) accelerators and undulator accelerators (UNDU-
LAC, [3, 4]). 2D and 3D versions were developed for
axisymmetric structures and ribbon beams, respectively.

Let us briefly observe the old versions of the
BEAMDULAC code.

2. BEAMDULAC CODE

The BEAMDULAC code utilizes the cloud-in-cell
(CIC) method for accurate treatment of the space charge
effects that are especially important in the case of a
high-intensity beam. The motion equation for each par-
ticle is solved in the external fields and the inter-particle
Coulomb field. The charge density is deposited on the
grid points using the CIC technique. To determine the
potential of the Coulomb field, the Poisson equation is
solved on the grid with periodic boundary conditions at
both ends of the domain in the longitudinal direction.
The aperture of the channel is represented as an ideally
conducting surface of rectangular or circular cross-sec-
tion. Therefore, the Dirichlet boundary conditions are
applied at transverse boundaries of the simulation do-
main. In such an approach, the interaction of the bunch
space charge with the accelerating channel boundaries is
taken into account. This allows consideration of the
shielding effect, which is sufficiently important for
transverse focusing of ribbon beams. The fast Fourier
transform (FFT) algorithm is used to solve the Poisson
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equation on a 3D grid. The Fourier series for the space
charge potential obtained can be analytically differenti-
ated, and thus each component of the Coulomb electri-
cal field can be found as a series with known coefti-
cients. The Coulomb repulsion force is the main factor
limiting the beam current in high-intensity linacs. In our
code, the space charge field can be calculated with the
same precision as the Coulomb potential without nu-
merical differentiation.

The external fields in the BEAMDULAC code are
represented as a series of space harmonics. The field
amplitude is represented as a polynomial coefficient se-
ries. Time is used as an independent variable and stan-
dard fourth-order Runge-Kutta method is applied for in-
tegration of the motion equation.

The different version of BEAMDULAC code was
used for beam dynamics investigation in RF accelera-
tors noted above. The especial version was computed
for dynamics study in UNDULAC-E linac in which the
RF and electrostatic fields are used.

3. NEW CODE

The external fields in old version of the BEAMDU-
LAC code are represented analytically as a series of
space harmonics as it was noted above. This disadvan-
tage does not permits to use such code for beam dynam-
ics study in a “real field” which is defined on 2D or 3D
grid by electrodynamics simulation codes or experimen-
tal measurement. The new code versions were designed
for this case.

3.1.2D GRID

The investigation of beam dynamics in external
fields represented on grid is not an easily task. A correct
multidimensional interpolation is the main problem. The
traditional methods of interpolation as a polynomial or
spline can not be used in this case because the field can
be fast oscillating and have a great number of local ex-
tremums and zeros on a grid.

The code version for 2D grid (BEAMDULAC-G2D)
utilizes the well known “area weighted interpolation”
(Fig.1) method for this goal. Let us recall the main char-
acteristics of this method. For clarity, we will consider
this method with a constant grid step for both » and z di-
rections, namely 4. and 4,. Let us suppose a particle is
located at a point |l and the field is known in four node
points Eij, Eiij, Eij+; and Eirpj+. The grid cell area is
known S= A.[H.. The desired point [l puts into rectangu-
lar cell center, which sides are 4. and /.. Let us have
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four cells with areas S;;, Si+1;, Sij+; and Si11;+;. Next, the
field E, can be calculated by means of the area weighted
method:

i+l j+l

£, = ;Z Z, E; 08, (1)

This method can be easily used with a varying grid step
also.

j+1

Fig. 1. Area weighted interpolation method

The choosing of extrapolation methods is also im-
portant for the simulation. The traditional Fourier ex-
trapolation technique was used in the BEAMDU-
LAC-G2D code for calculations in a longitudinal direc-
tion. It is possible because the field in accelerators is pe-
riodical. The field is represented as a series of space
harmonics for transverse interpolation. The harmonic
amplitudes can be calculated in this case and the field is
extrapolated by a series of Bessel functions.

3.2.3D GRID

The “volume weighted interpolation” is used in the
BEAMDULAC-G3D. This method is similar to previ-
ously observed for the 2D case. The external field must
be defined in eight grid points and a grid sell volume V'
must be known. The field in a desired point [ is equal

now to:
itl j+l k+1

E, = ;Z Z/ Z Eu Wik (2)

The similar extrapolation techniques are used for the
2D and 3D simulation. Fourier extrapolation is used in
the longitudinal direction and the series of space harmon-
ics and hyperbolic sine and cosine for the transverse one.

4. ERRORS OF SIMULATION AND BEAM-
DULAC-GRID TESTING

A high accuracy of simulation was achieved by
means of the area and volume weighting interpolation
methods. An interpolation error in the field calculation
is no more than 0.5% for the 2D case and 2% for the 3D
case. An extrapolation error in the longitudinal direction
is 0.5...2%. In the transverse directions it is 1...3% for
2D dynamics and 1...5% for 3D.

The results of beam dynamics simulation in the RF
field defined on a grid was compared with the results
obtained for the analytically defined field. The compari-
son was provided for the ARF, RRF and UNDULAC
linacs. Some results of ion beam dynamics simulation
with the analytically defined and “real field” are shown
in Fig.2,3. The longitudinal and transverse emittances
are plotted for the ARF structure (2D beam dynamics)
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in Fig.2. The output longitudinal and input (“X”-s) and
output (“points”) transverse emittances were calculated
for an ion with a charge-to-mass ratio A/Z=1/60 in the
analytically defined field (Fig.2,a and 2,c respectively)
and in the “real field” (Fig.2,b and 2.d). It is clear from
the figure that the simulation results are similar and sim-
ulation on a grid was performed with the high accuracy.
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Fig.2. 2D beam dynamics simulation results

The input and output transverse emittances of a deu-

terium ion beam are shown in Fig.3. The beam dynam-
ics was calculated for the UNDULAC-RF accelerator



(3D dynamics). The beam has a small halo if the beam

dynamics was calculated in the “real field” (see

Fig.3,b). It is come through the extrapolation error.
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Fig.3. 3D beam dynamics simulation results

5. BEAMDULAC-T FOR BEAM TRANSPORT
CHANNELS

The transport of low energy ion beams from a source
to an accelerator or target is very difficult. The choice of
an effective beam transport system design depends on
the main beam parameters, such as initial transverse
emittance, ion energy, charge to mass ratio, beam cur-
rent. The transport design of high intensity low energy
(W=0.1...1 keV/u) ion beams for A/Z=1/10...1/120 is
very complicated. Generally, systems of magnetic or
electrostatic lenses are used for the axisymmetrical
beam focusing. For transport of intensive ribbon ion
beams a special beam line is needed. The periodic sys-

tem of electrostatical lenses (electrostatic undulator)
was suggested for this goal [5]. The version of the
BEAMDULAC code was developed for beam dynamics
study in electrostatic transport channels.

It was shown using the BEAMDULAC-T code that
the heavy ion low energy beams could be transported at
a distance of several meters by the electrostatic undula-
tor. The beam quality does not degrade.

6. CONCLUSION

The new BEADULAC code versions are observed.
The codes are computed for beam dynamics investiga-
tion in RF field defined on 2D and 3D grid. It was
shown that these new code versions are effective for ion
beam dynamics study in RF linacs and transport chan-
nels. The simulation methods allow having the high ac-
curacy of calculation. In future, a code will be devel-
oped for beam dynamics study in crossed electric and
magnetic field. Versions for the RFQ and multi-ion
beams are in future plans as well.

The work was supported by RFBR: Grant
04-02-16667.
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HOBBIE BAPUAHTBI ITPOI'PAMMBI BEAMDULAC JId U3YYEHUA INHAMUKU
MHTEHCHUBHbBIX NOHHBIX ITYYKOB

3.C. Macynos, C.M. Ilonozos

PaccmatpuBarotrcs HoBBIe BapuaHThl nporpamMmmel BEAMDULAC. Drta nporpaMMa npeaHa3HadeHa s u3yde-
HUSI AMHAMUKHU CHJIbHOTOYHBIX MOHHBIX ITYKOB B JINHEWHBIX YCKOPHTEISX. PaccMaTpruBaloTcss HOBBIE BOBMOYKHOCTH
MPOrpaMMbl M PE3yJIbTaThl TECTUPOBaHUs. Takke 00CYKIOaeTcs BapHAHT IPOTrPAMMBI, MPEAHA3HAYCHHBIA IS HC-
CJICZIOBaHUS TUHAMHKY ITyYKOB B KaHaJjax TPaHCIIOPTHPOBKH.

HOBI BAPIAHTH NIPOI'PAMHA BEAMDULAC /U151 BUBYUEHHSI JMHAMIKH IHTEHCUBHUX
IOHHUX ITYYKIB

E.C. Macynos, C.M. Ilonozoe

Posrmsmaroreest HOBI Bapiantu nmporpamu BEAMDULAC. s nporpaMa mpu3HadeHa UIsl BUBUYCHHS THHAMIKH
MMOTY>)KHOCTPYMOBHX 1OHHUX MYKiB Yy JIHIHHHX HpPUCKOPIOBadax. Po3rismaroThCsi HOBI MOXKJIMBOCTI MpPOTpaMH i
pe3yibTaTH TecTyBaHHA. Takok OOTrOBODIOETHCS BapiaHT MPOTpaMH, NMPU3HAYCHWH JUIS JOCIHIDKEHHS AWHAMIKA
MYYKiB y KaHAJIaX TPAHCIIOPTYBAaHHS.
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