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This code was used to generate Figures 1 and 2 of the article described above,
and to obtain the minimum and maximum energies
of particles in the islands of the main resonance.

 Initial conditions IC:
Column 1  theta_j,

Column 2  Ij,
Column 3  Type of trajectory: 0  Perturbing Robust Barrier in Black,
1  Separatrix in Grey, 2  Invariant Tori in Purple,
3  Resonant Islands in Red, 4  Resonant Islands in Green,
5  Chaos in Blue, 6  Resonant Islands in Ochre 
PathName 

"C:\\WaveParticle_Interactions\\Charged_Particle_in_E_Wave_and_B_Field";

ICFileName  "IC_Figure1a.dat";
Print

StringTakeICFileName, 4, 9  " "  StringTakeICFileName, 10, 10 

""  StringTakeICFileName, 11, 11  "";
IC  ImportPathName  "\\"  ICFileName, "Table";
ICAll, 1  ToExpressionICAll, 1;
ICAll, 2  ToExpressionICAll, 2;
ICAll, 3  ToExpressionICAll, 3;

pllot  Table, j, 1, LengthIC;
NumIterationsSep  40000;
 Number of iterations for the separatrix 
NumIterationsChaos  3000;
 Number of iterations for chaotic trajectories 
NumIterationsOther  8000;
 Number of iterations for other trajectories 
PrintIndividualTrajectories  0;

k  4;  wave number 
T  2 Pi 1  1  15;  wave period 

TicksBottom  TableIf Modi,


2
  105  Modi,



2
 



2
,

i, i, 0.03, 0, i, "", 0.015, 0, i, 0, 2 ,


8
;

IfStringTakeICFileName, 11, 11  "a",

eps  0.01;  2 x wave amplitude 
FigTitle  "a   0.01";



IfStringTakeICFileName, 10, 11  "1a",

TicksLeft 

TableIfModi, 0.5  105  Modi, 0.5  0.5, i, NumberFormi,
3, 2, 0.03, 0, i, "", 0.015, 0, i, 0, 3.50, 0.1;

PRange  0.001, 2 Pi, 0.0, 3.5,

IfStringTakeICFileName, 11, 11  "b",

eps  0.2;  2 x wave amplitude 
FigTitle  "b   0.20";

IfStringTakeICFileName, 10, 11  "1b",

TicksLeft 

TableIfModi, 0.2  105  Modi, 0.2  0.2, i, NumberFormi,
3, 2, 0.03, 0, i, "", 0.015, 0, i, 0, 1.00, 0.05,

PRange  0.001, 2 Pi, 0.0, 0.85;

IfStringTakeICFileName, 10, 10  "1",

ARatio  0.95,

IfStringTakeICFileName, 10, 10  "2",

TicksLeft  TableIfModi, 0.05  105  Modi, 0.05  0.05,
i, NumberFormi, 3, 2, 0.03, 0,
i, "", 0.015, 0, i, 0, 0.30, 0.01;

ARatio  0.7;

PRange  0.001, 2 Pi, 0.0, 0.2;

Do

NumIterations  IfICr, 3  1, NumIterationsSep,
IfICr, 3  5, NumIterationsChaos, NumIterationsOther;

m  Table0, 0, j, 1, NumIterations;

thetaj  ICr, 1;
Ij  ICr, 2;
IjOne  0.1;

Do

 Map that describes the time evolution of the system  Eq. 6 
IjOne  0.5 2 Ij Sinthetaj2 

 2 Ij Costhetaj  0.5 eps k Sink 2 Ij Sinthetaj2 ,

thetaj  ModArcTan2 2 Ij Costhetaj  eps k Sink 2 Ij

Sinthetaj, 2 2 Ij Sinthetaj 
T

1  2 IjOne
, 2 Pi,

Ij  IjOne,

 

2   Phase_Spaces.nb



mj  thetaj, Ij, j, 1, NumIterations,

TrajectoryColor  IfICr, 3  0, RGBColor0, 0, 0,
IfICr, 3  1, RGBColor0.4, 0.4, 0.4, IfICr, 3  2,

RGBColor0.6, 0, 0.6, IfICr, 3  3, RGBColor1, 0, 0,
IfICr, 3  4, RGBColor0, 1, 0, IfICr, 3  5,

RGBColor0, 0, 1, IfICr, 3  6, RGBColor0.8, 0.7, 0,

pllotr  ListPlotm, Ticks  0,


2
, ,

3 

2
, 2 , Automatic,

PlotStyle  PointSize0.0005, TrajectoryColor,
PlotRange  0, 2 Pi, Automatic,

IfPrintIndividualTrajectories  1, Printpllotr, r,

1, LengthIC;

ShowTablepllotr, r, 1, LengthIC,
PlotLabel  StyleFigTitle, "Times", 11,
Frame  True, FrameStyle  DirectiveAbsoluteThickness1, "Times", 10.5,
FrameLabel  Style"", "Times", 11, Style"I", "Times", Italic, 11,
Axes  False, FrameTicks  TicksBottom, TicksLeft, None, None,
PlotRange  PRange, AspectRatio  ARatio

 Minimum and maximum velocities of particles in the
islands of the main resonance. Particles enter and leave
the accelerator through its central position. Therefore,

velocities are calculated in the center of the accelerator xy0,
which corresponds to theta0;Pi 
IfStringTakeICFileName, 10, 10  "2",

NumIterations  20000;  Number of iterations 

m  Table0, 0, 0, j, 1, NumIterations;

thetaj  Pi;
IjOne  0.1;

IfStringTakeICFileName, 11, 11  "a",
Ij  0.03023;
IndexMin  2;
IndexMax  1,

IfStringTakeICFileName, 11, 11  "b",
Ij  0.02930;
IndexMin  3;
IndexMax  1;

Do

 Map that describes the time evolution of the system  Eq. 6 
IjOne  0.5 2 Ij Sinthetaj2 

 2 Ij Costhetaj  0.5 eps k Sink 2 Ij Sinthetaj2 ,



Phase_Spaces.nb   3



thetaj  ModArcTan2 2 Ij Costhetaj  eps k Sink 2 Ij

Sinthetaj, 2 2 Ij Sinthetaj 
T

1  2 IjOne
, 2 Pi,

Ij  IjOne,
DistancePi  Absthetaj  Pi,
mj  thetaj, Ij, DistancePi, j, 1, NumIterations;

PrintListPlotmAll, 1, 2, Ticks  0,


2
, ,

3 

2
, 2 , Automatic,

PlotStyle  PointSize0.0005, RGBColor1, 0, 0,
PlotRange  0, 2 Pi, 0, 0.2;

 The function Ordering gives the
positions in mAll,3 DistancePi at which each
successive element of SortmAll,3 appears. 

DistancePiOrder  OrderingmAll, 3;

Print"DistancePi at minimum energy  ";
PrintDistancePiMin  mDistancePiOrderIndexMin, 3;
Print"theta at minimum energy  ";
PrintthetaMin  mDistancePiOrderIndexMin, 1;
Print"Imin  ";
PrintImin  mDistancePiOrderIndexMin, 2;
Print"Emin  ";
PrintEmin  Sqrt1  2 Imin;
Print"pMin  ";
PrintpMin  Sqrt2 Imin CosthetaMin;
Print"vMin  ";

PrintvMin 
pMin

Sqrt1  pMin2
;

Print"DistancePi at maximum energy  ";
PrintDistancePiMax  mDistancePiOrderIndexMax, 3;
Print"theta at maximum energy  ";
PrintthetaMax  mDistancePiOrderIndexMax, 1;
Print"Imax  ";
PrintImax  mDistancePiOrderIndexMax, 2;
Print"Emax  ";
PrintEmax  Sqrt1  2 Imax;
Print"pMax  ";
PrintpMax  Sqrt2 Imax CosthetaMax;
Print"vMax  ";

PrintvMax 
pMax

Sqrt1  pMax2
;
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Figure 1a
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Figure 1b
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Figure 2a
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Figure 2b
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1.31289  106
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3.14159
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0.0293011

Emin 
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DistancePi at maximum energy 

3.43126  107

theta at maximum energy 
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Imax 

0.10342

Emax 

1.09856

pMax 

0.454798

vMax 

0.413993

Phase_Spaces.nb   9


