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Morris, Glen A. MS, June 1990 Physics

Effects of Electrode Hole Size on the LAMPF Polarized Ion

Director: Hayden, R. J. and Jakobson, M.J’’

Some experiments at the Los Alamos Meson Physics Facility 
(LAMPF) are limited by the intensity of the particle beams 
used. The proposed LAMPF optically pumped polarized ion 
beam source should proyide a more intense beam i f  some 
difficulties can be overcome, A single large (60—mil) hole
in each of the source electrodes causes large transverse
velocity components in the beam which lead to low beam
intensity. Alternatives to the single large hole must be
considered.

In this study, we explore the effect of electrode hole 
size on final beam current and efficiency. Using Monte
Carlo simulation, we trace the progress of beam
degradation through the ion beam source and quantify the 
effect of hole size on ion beam source performance. 
Alternatives to the use of a single large (60—mil) hole in 
each electrode have been evaluated.
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Fig. a. Macroparticle Count (N> near
the Electrode Holes................    29

Fig. 9. Equipotoential and Electric Field Lines near
the Electrodes...................................................................................  30

Fig- 10. Equipotential Surfaces due to the Electrode
Potentials................................................    31

Fig. 11. Axial Electrode Fields near the Injector Line
in the Electrode Region, (a = 60 mils) . . . . . . . .  32

Fig. 12. Axial Electric Fields near the Injector Line
in the Electrode Region, (a = 20 mils) ....................... 33

Fig. 13. Radial Electric Fields near the Injector
Line in the Electrode Region. (a = 60 mils) ... 34

Fig. 14. Radial Electric Fields near the Injector Line
in the Electrode Region, (a = 20 mils) . . . . . . . .  35

-S'
Fig- 15. Radial Electric Field X 1V (N/C).

Hole Diameter = 1.50 mm (60 mils).............................................. 36

~S
Rig. 16. Radial Electric Field X lu (N/C).

Hole Diameter = 0.5 mm (20 mils)...................    37

1 V

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



INTRODUCTION

A. The Proposed LAMPF Folari zed Ion Beam Source, The Los 

Alamos Meson F'hvsi es Facility (LAMF'F) conducts a variety of 

experiments using beams of accelerated particles- Many of 

the experiments utilising the LAMPF H— polarized beams are 

limited by the intensity of the beam. The proposed LAMPF 

optically pumped i on source should provider a more intense 

beam i f  some difficulties with the source can be overcome;

1. The beam particles (protons) originate in a source 
which ejects them with divergent velocity components.

2- In the polarized ion beam source, the particles
undergo charge exchanges and pass unavoidably through 
electric and magnetic fields which produce beam 
divergence and particle losses.

3. The particle beams are sufficiently intense that space 
charge effects are not negligible.

It is hoped that shaped magnetic and electric fields can be

used to offset the defocussi ng effects of the sodium cell

charge exchangers, space charge, magnetic fringe fields, and

other fields.

The standard conf i gurat i on of the LAMPF polarized ion 

source is depicted in Figure 1. The ion source, including 

its  magnets, is roughly 15 cm. in diameter and 90 cm. in 

length. The horizontal line extending from the electron 

cyclotron resonance (ECR) source on through the ionizer 

represents the i n j ector line. Ideally, this will coincide 

with the centerline of the beam.
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The ECR source contains a dense ionized gas (olasma) in 

the magnetic field of the ECR solenoid. Plasma protons are 

accelerated into the circular opening of the f irs t 

electrode.

The electrode structure is shown in Figure 2. Each 

electrode is a conducting disc perpendi cular to the 

injector line with its  cylindrical hole centered about the 

injector line. The f irs t,  the extraction electrode at an 

arbitrary voltape, is followed by an electrode which can 

also be set at an arb i trar y voltage. The third electrode 

is at ground potential. Maximum voltage differences are of 

the order of a few thousand volts. For the voltage 

settings shown in Figure 1, many protons are lost in the 

f irs t  electrode, but those which clear that electrode are 

accelerated by the second electrode and generally continue 

on throuah the i on source.

In the ECR source, microwave energy produces the plasma 
of electrons and protons from hydrogen atoms. The phrase 
"optical pumping" applies only to the sodium cell charge 
exchangers, in which laser energy excites electrons to 
states of lower binding energy. This makes electrons 
available to passing protons.
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There is a version of the LAMPF ion source which works 

reasonably well with many of the parameters fixed at 

specific yalues. Consequently, i t  is natural to take that 

system as a standard and vary some of the parameters, 

always checking to see i f  improvement has occurred. It  is 

this standard configuration which is shown in Figure 1, and 

whose parameters are listed in Table I. The four free 

parameters set conditions in the electrode region. The 

other parameters remain fixed in this study.

B. Thî s Theses and Beam I mprgyem en t.

This study deals with the design of the electrode 

structure. In particular, i t  is concerned with how to 

reduce the transverse velocity of the protons emerging from 

the electrodes. The central task is to explore the effects 

of electrode hole size on the performance of the ion beam 

source-

Ideally one could determine the effects of various hole 

sizes by calculating particle trajectories through the i on 

source. The trajectory of each particle is the solution to 

equations of motion i ncorporati ng the field forces 

influencing the particle. However, the in itia l conditions 

of the particles are unknown.

In this study, in it ia l particle position is chosen 

randomly over a limited region on a particular plane. 

In itia l velocity is specified in a similar way. By solving 

the equations of motion for many particles with in it ia l
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conditions randomly chosen from specified distributions, 

statistical distributions can be computed which describe the 

state of the beam particles as they progress along the beam. 

The precise form and parameters of the in it ia l distribution 

of transverse velocity and position have not been found to 

be critica l. (See Jakobson (1987) and Hayden (1989).)

This approach is a form of Monte Car1o simulation. Like 

some other mathematical methods, i t  is now truly useful 

because of advances in computer technology.
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TABLE I. Parameters of the Standard Configuration.
Parameter j Math. 

Symbol
SCHAR 

Symbol(s)
Value

Potential on Electrode 1 
Potential on Electrode 2 
Potential on Electrode 3

5000 V 
-600 V 

0 V
Axial Magnetic Field near the Electrodes 
Radial Magnetic Field near the Electrode Bo B 1.56 T 

0 T
Initial Proton Speed
Initial Maximum Transverse Speed

Vo
V^(0)

V
VSXMAX.VSYMAX

1.6E5m/s 
Variable

Diameter of the Electrode Holes a XOMAX.YOMAX Variable
Length of Region 1 (Electrode 1) 
Length of Region 2 (Gap)
Length of Region 3 (Electrode 2) 
Length of Region 4 (Gap)
Length of Region 5 (Electrode 3) 
Distance (Electrodes to Neutralizer) 
Neutralizer Solenoid Field Length 
Drift Region Length 
Ionizer Solenoid Field Length

T, SOUDIS(l)
S0UDIS(2)
S0UDIS(3)
S0UDIS(4)
S0UDIS(5)
CELLEN(l)
CELLEN(2)
CELLEN(3)

Variable 
.001 m 
.001 m 
.001 m 
. 001 m 
.112 m 

.0965 m 
.632 m

[
1 Third Solenoid Hole Radius RRCUT .00714 ir
Input Current lo Î CURR Variable
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BACKGROUND

A. SjLcnulët i ng_ the_LAMPF_ %gn_Sgurce. When usina computer 

simulation to studv the response of the LAMPF optically 

pumped i on source to hole size, questions qri se:

1. What coordinate system should be adopted?

2. How many particles should be used in each simulation?

3. What should be the in it ia l position and yelocity 

distribution for the simulation particles?

4. What measures of beam quality can be used to determine 

the optimum hole size?

5. How should space charge effects be calculated?

This study uses a computer code known as SCHAR (described in 

Append i x B) . How SCHAR deals with these questions is 

descri bed next.

B. The Coordinate System. The oriqin of coordinates is at 

the center of the opening to the f irs t electrode hole. The 

right handed Cartesian coordinate axes are shown in Figure 

2. The z-ax i s points along the centerline through the 

electrodes holes.

C. Macroparti cl es and Macrof i l̂ a In computer 

simulation of ion beams the particles are represented by 

macroparticles or macrof i 1 aments. Each macrof i 1 ament 

represents a g i yen fraction of the beam charge. The 

equations of motion are solyed for each particle. The 

number (N̂ ) of these particles should be large enough to 

be sufficiently representative, yet conseryat i ye of
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computer time. If space charge is considered, computer 

time is proportional to the square of . Experience or 

testing is reauired to chose this number.

SCHAR has a mode of calculation, called the line mode, 

which is used for calculating the space charge force on a 

particle. In this mode the beam is considered to be 

composed of infin itely long charged filaments, called 

macrofi1 aments. Each macrofilament is fixed in time, lies 

parallel to the z —ax is, at the x ,y—position of a particle.

D . Simulât ing ECR Sour ce__Ef f ec t s. SCHAR simulates the 

effect of the ECR source by

(1) using KV or parabolic distributions to 
assign in itia l conditions (at z=0) to the N 
particles oyer an ellipsoid in XXYY—space, and

(2) assuming the particles all have the same speed. 

The version of SCHAR used offers only the KV distribution.

A KV distribution is one in which the particles are

uniformly distributed over an area in X,Y(real)—space, an

•  «
area in XX phase space, an area in YY phase space, and an

area in X,Y(real)—space. (See Kapchi nski j . 1959. ) In this

study the X,Y and X,Y ellip tical areas are in it ia lly

5
circular. The in it ia l particle speed is 1.6 * lO m/s.

E. Beam._.Qual i ty..,.Pax_ameters. Perhaps the ideal measure of 

beam quality at an axial coordinate (z > would be the 

Li ouvilie volume of the swarm of points representing the 

particles in XPxYPy—space- Here Px and Py are the 

generalized momenta. In this space the volume of an

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10
in it ia lly  KV—distri buted swarm usually remains ellipsoidal. 

In addition, i f the particles do not interact, the density 

of points in the 4—dimensional volume would remain constant 

by Li ouvi lie 's  theorem. However, volumes in XP̂ YPy, phase

space cannot be measured. F or this reason, SCHAR uses the 

spatial derivatives X̂ =dX/dZ and Ŷ =dY/dZ, and tracks the 

beam quality in XX space and in YY'—space.

In each of these planes SCHAR uses two types of volumes 

which can be used to describe beam quality!

1 . E—vol Limes and

2. S—vol L i m e s  .

E—volume measLtres are areas of 2—d i mensi onal convex regions 

in the spaces of XX' and YŶ . S—volumes are statistical 

measures of beam quality.

In this study, SCHAR provides emittance <S—volume) as a 

measure of beam quality. Emittance is most clearly defined 

in 2 dimensions in a coordinate system rotated so that
N fV

V and zero. SCHAR defines the X and Y

emittances in this case as 

^x = 4 0 fX^^gX^ , ^ 5  , and

E.y == “

X —emittance is, then, the area of an esilipse having semi 

axes 2X and 2X g .

At times, particle interactions or non-linear fields 

influence the particle motions to the extent that these 

in it ia lly  ellipsoidal phase space projections become non—
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11
ellipsoidal. Another possibility is that the particles mav 

not be distributed uni-formly in these phase spaces. In 

either instance, the emittance will not equal the projected 

area of the particle swarm. For this reason, emittance must 

be interpreted carefully. I f ,on the other hand, the phase 

space distribution is uniform and ellipsoidal, the emittance 

equals the projected area.

In the software, an unrotated coordinate system is used 

and so emittance must be calculated by a more qeneral 

equation. This is discussed in Appendix B.

Another important component of beam quality is total 

current, which relates d i rec11 y to the number (N) of

particles left in the beam. SCHAR keeps track of N. From

the current (lo) input to the f irs t electrode hole, the 

current per macrof i lament ( /Ng ) can be used to calculate 

the beam current at z:

I(z) = Io(N(z)/No>, where

N = N(z) = number of remaining 
macrof i 1 aments at z.

F. Calcuiating._Space _Charge_Ef feetSjL A particle will be

subject to the electric field force set up by the

macrofi1 aments. This simulates the space charge force on

each particle. For each particle SCHAR considers the forces

between that particle and the macrof i 1 aments which

correspond to the other particles. The sum of these forces

is the space charge force on the particle. The sum of this

force and the other field forces determines the path of
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i:
the particle. Thus a charge-carryi ng entity is considered 

to be a filament carrying a significant fraction of the 

total current as far as its  effects on other entities is 

concerned. When its motion is being calculated, the same 

entity is considered to be a particle (in the electrode 

region, a proton).
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PRQBLEM_STATEMENT

All but four of the design parameters of the standard 

electrode structure have a fixed value. The four free 

parameters are:

Vĵ <0) = maximum transverse speed at z=0

Tj — thickness of the f irs t  electrode

a — the diameter of each electrode hole

== current input to the electrode structure.

In this study, we discover how effective the standard ion 

source is when these four parameters are varied.

The questions of primary interest are:

1. How much beam current can the standard ion source 
transmit at certain settings of ( ( O) , Tj , a, Iq > ?

2. Which hole size allows the standard ion source to 
transmit maximum current in the beam ?

3. For each setting of (V̂ CO), Tj ,a), what input 
current leads to maximum output current ?

4. What limits the output current ?

Efficiency of transmission is of less concern, but will be 

considereîd. One measure of efficiency is N̂/N@ , where

is the final number of particles left in the beam. The 

questions concerning efficiency are:

5. For each setting of (V (O) , T, , a) , what input 
current leads to a maximum value of /Ng ?

6. What limits the maximum value of 7

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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METHgD_QF__SgLyTigN

Appendix A describes the computer program POISSON.

Because of the cylindrical symmetry of the electrode 

structure used, the electric field which i t  generates can 

be readily calculated by POISSON.

Appendix B describes the space charge simulation program 

SCHAR. Using SCHAR, i t  is possible to simulate the 

dynamics of an ion beam subject to the fields calculated by 

POISSON or obtained by some other means (York, 1909). The 

magnetic field due to the f irs t solenoid can be regarded as 

axial and nearly uniform in the electrode region (Hayden, 

1989). Its strength (1.56 T) is a SCHAR input.

Used together, POISSON and SCHAR provide a fa ir ly  accurate 

model for beam dynamics. If the distributions of position 

and velocity at 2 = 0  are approximated, much can be learned 

about an ion source through computer simulation. This 

approach was aipplied to the LAMPF optically pumped ion 

source in an effort to answer the questions posed.

Conditions at z =0 were approximated in each case by an 

appropr i ate? KV distribution. The conditions bounding this 

d i stri b u t ion are

(X^/xf)^ + )̂   ̂ 1

(Xo/Xo ) + (Y(, /Yj )̂  < 1

• S- *2 • z.
X«3 +  Y a  '*■ Z q  =  V q  ,  w h e r e

(X,Y,Z) is p osi t i on and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



IS

In this study

(X,Y,Z) is veloci ty .

f

X<, = Yo a/2 (electrode

== ~ Vj_(0) , and

= 1.6 * 10 m/s.

With in it ia l conditions thus speci-fied, POISSON and SCHAR 

were then used with various values of the four free 

parameters.

The parameter variations were as follows:

1. Si X electrode hole sizes, that is,

a = 10, 20, 30, 40, 50, or 60 mils.

2. For each hole size, 5 to 11 levels of input current
(I*).

3. In itia l max i mum transverse speed (Vj. (O) ) and f irs t 
electrode thickness (T, ) took on the following values.

Vj_<0) = 30000 m/s, T̂ = . OOl m

Vj_ (O) — 60000 m/s, Tj = -OOl m

(O) =■• 30000 m/s, Tj = . 0016 m.

In other words, SCHAR was run for several input current

levels for each of the IS combinations of (O) , T̂ and a,

a total of 110 SCHAR runs. (In contrast, a single geometry

change with the actual ion beam source may require a month

of technician time for disassembly, modi f i cat i on, assembly,

evacuation, and startup.)

F'ÜISSÜN takes the electrode voltages and geometry map 

(which includes T, and a ) , then calculates and stores a 

grid of electric field values- SCHAR then uses the stored

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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electric field values, and accepts, from the keyboard, the 

max i mum transverse speed ( O ) and the input current ( > .

The other program inputs, including the magnetic field 

strength, were set according to Table I. The in itia l 

number (N@) of particles was lOOO. SCHAR then assigned 

random in itia l conditi ons to these parti c1 es, in accordance 

with the KV distribution-

Beginning at z=0, which is at the f irs t electrode hole 

opening, SCHAR integrates the equations of motion, 

progressing axially, with z as an independent variable, 

through the electrode region and on through the rest of the 

ion source. At certain values of z, SCHAR provides output 

character i z i ng the locations and motions of the particles.

If the macrof i 1 aments are sufficiently numerous and 

i nitialialized with an appropr i ate distribution of positions 

and velocities, this output should match the statistics of 

real ion beams.

The most important outputs were:

V t == r ms transverse speed ,

N = number of macrof i 1 aments left

£, /
XX emittance.

"" YY ̂ emittance.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Monitoring occurred at the following ax i al locations (z):

z = 1 mm, the exit from the f irs t  electrode, 
z = 2 mm, the entrance to the second electrode, 
z = 3 mm, the exit from the second electrode,
z — 4 mm, the entrance to the third electrode,
z = 5 mm, the exit from the third electrode,
z = 61 mm, an arbitrary reference point, and
z = 845 mm, the entrance to the ionizer.

This study is primarily concerned with final beam current 

( ) - That quantity is calculated by multiplying the

average final macrof i 1 ament count by the curr ent—per—

macrofi1 ament ( / Ng) . SCHAR allows convenient run — 

replication to obtain a stati st i cal1 y stable value of .

For each combination of V_̂ (0) , T, , a, and , the beam 

responses were tabulated. F'lots of current, current 

density, and the ratio N̂ /Ng were then prepared to help 

answer the questions posed.

*  If the thickness of the f irs t electrode is changed, the 
monitoring locations are shifted along the axis a 
corresponding distance.
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RESULTS..

Performance Character! st i_cs._ The simulations show that. for 

any of the 6 hole sises, the maximum final beam current is 

obtained when Vj_(0)= 30000 m/s and T, = . OOl m. (See Figure 

3.) Consequently, in the interpretations that follow, i t  

will be assumed that those conditions hold.

For the 40—mi 1 , 50—mi 1 , and 60—mi 1 hole diameters. Figure

3 shows that the maximum beam, current varies roughlv as 

the square of hole diameter. Consequently, i f  an 

arrangement with two 40—mil holes per electrode were 

operated for maximum beam current, that arrangement would 

deli yer nearly as much current as an arrangement with one 

60—mi 1 hole in each electrode. A multi hole arrangement of 

30—mi 1 holes could also replace the single 60—mi 1 hole per 

electrode. But Figures 4 and 7 show that the current 

density delivered by the 30—mil hole is much lower: about

nineteen (19) holes of that size per electrode would be 

required to compete with a single 60—mi 1 hole per electrode.

While Figure 3 indicates the limiting current for each 

setting of (V_l (0) , T, . a) , Figures 5a and 5b indicate how 

to set the input current to achieve maximum output. For 

example, for t̂ (0) ==30000 m/s and Tj =.001 m. the 30—mi 1 hole 

delivers maximum beam current when = 9 ma.

Figure 6 shows how to achieve maximum efficiency 

( ) .  Using the larger hole diameters, maximum

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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efficiency is achieved at an input current which is 

comparable to the input current which produces maximum 

current output. For small holes, the simulations show 

that Nj;/Nq rises with decreasing current but never peaks.

Discussion  ̂ The final beam current is 

If = lo(N^/Na) .
According to the simulations, as source current increases, 

Nf/Na may peak but then begins to decrease at a fin ite  

source current. This is shown in Figure 6. Beam current 

also begins to diminsh at some level of source current and 

finally becomes very small. This is shown in Figure 5.

The beam current and efficiency eventually drop with 

increasing because of particle losses. Factors

possibly involved in these losses are:

in it ia l radial displacement (R̂  = R(Z—O)) 

in it ia l radial veloci ty (R̂ — R(Z=0) ) 

space charge 

radial electric fields 

axial magnetic field (1.56 T) 

axial particle velocity 

Other fields present, but not listed here, are negligible. 

An idea of the importance of each of the listed factors can 

be obtained by studying SCHAR simulation data obtained for 

the electrode region.

Figure 8 shows that, in the maximum current mode of
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operation, at 1 east 70 % of the SCHAR particles are lost in 

the f irs t electrode, that is, in the interval z ^ 1 mm.

The reason for these losses is suggested, in the figure, by 

the decreasing number of particles le ft in the beam at 

z = 1 mm, as input current is increased. For each hole 

size, increasing input current increases the in it ia l space 

charge. The SCHAR data verify, then, that space charge is 

instrumental in the loss of particles in the f irs t hole, 

regardless of hole size.

Magnetic effects might also become more important as 

space charge goes up. Magnetic effects, space charge, and 

in itia l conditions contribute to accelerations that drive 

protons into the electrodes.

These factors are resisted by one thing — the inward 

radial electric field near the f irs t  electrode. However 

for most locations in the f irs t hole, the inward electric 

field decreases with hole size. (See Figures 13 through 

16.) Consequcen 11 y, f or the same input current density, the 

number of particles lost in the f irs t  electrode increases 

with decreasing hole diameter. This may explain, in part, 

why the small holes (a < 40 mils) cannot pass as much 

density of current as can larger holes.

Protons in the beam emerging from the f irs t hole are 

subjected to a forward— and inward —accelerat i ng field. (See

Figures 9 and 10„) Consequently, they almost always clê ar 

the second electrode- This is why Figure 8 shows so few
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1osses in the interval 2 ^ z ^ 3 mm.

Using a 40-mi1 , 50—mi 1 , or 60—mi 1 hole diameter, and

maximum current mode of operation, very few protons are 

lost at the second electrode and none are lost at the third 

electrode. The converging forward—accelerating electric 

field at the right end of the f irs t hole accelerates the 

protons inward and forward to the extent that they clear 

the following electrodes. (See Figures 9—16.) The 

radial component of this focussing field is relatively 

strong in the larger holes and this may explain why maximum 

current and efficiency are both achieved at relatively high 

input currents for hole diameters exceeding 30 mils. (See 

Figures 5 and 6.)

For these larger holes, the dotted curves in Figure 8 

show that, when space charge is ignored, few simulation 

particles are lost in the f irs t electrode. This confirms 

that space charge causes most of the divergence and 

particle losses when the hole diameter exceeds 30 mils.

Using small holes (a < 40 mils) and maximum current mode, 

a substantial percentage of the particles arriving at 

electrode 3 are lost in that electrode, and the same is 

true at the f irs t electrode. While this must be partly due 

to space charge, the dotted curves show that that would 

occur at both electrodes even i f  space charge were absent. 

Thus one or more of the other listed factors is possibly 

instrumental in the loss of particles to the f irs t and
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third electrodes when these small diameters are used.

The inward electric field is a possible contributor to 

particle 1osses: many protons, accelerated inward, can

cross the beam and become divergent.

Because of the low d i ameter—to—1enqth ratio of the small 

holes and perhaps because of the relative weakness of their 

inward electric field, maximum efficiency cannot be

achieved with them at any input current. This is in 

contrast to the use of 1 arge holes (a > 40 mils) for which 

maximum current and efficiency both occur at high input 

current.

Error bars have not been indicated on the graphs. 

Systematic errors predominate over statistical errors.

The effect of hole size and in it ia l electrode shape on the 

ECR source plasma is an important factor which has not been 

modelled. Large hole sizes will perturb the plasma.
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FIG. 15. Radial Electric Field X 10 T (N, 
Hole Diameter — 1*^0 mm (6 0 mils)
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APPENDIX_A 

IHE_PgiSSQN_FIELD GENERATOR

The computer program POISSON is one of several programs 

comprising a package known as the POISSON/SUPERFISH group 

codes. These codes are used to calculate magnetostatic and 

electrostati c fields and to compute resonant frequencies 

and fields in radio—frequency cavities. POISSON is limited 

to problems having cylindrical or 2—d i mensi onal symmetry.

(Refer to the 1987 POISSON/SUPERFISH manual listed in the 

references.>

As a service to the user community, Los Alamos National 

Laboratory's Group AT—6 maintains and distributes a 

standard version of the codes- Source code, executable 

code, and examples are on the common f i le  system at the Los 

Alamos Laboratory. The package can be accessed there or 

through ARPANET, or acquired on magnetic tape.

Development of the codes began in the late sixties as the 

TRIM codes created by A. Winslow and J.Spoerl at the 

Lawrence Livermore National Laboratory. These FORTRAN 77 

codes were expanded and improved there principally by 

Ronald Hoi singer with theoretical assistance from Klaus 

Hal bach. The work was financed partly by the U.S. 

Department of Energy and completed in 1975 at the Los 

Alamos Laboratory. The University of California 

operates the laboratory and holds the copyright.

Use of the program POISSON is facilitated by the use of 3

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3 9

other programs from the package. A "POISSON run" consists 

of running the following four programs.

(1) AUTOMESH - Accepts a manual 1y-prepared f i le  
specifying the geometry and potentials. Assigns mesh 
points and generates (x,y)—coordi nates for straight 
lines, circular arcs, and segments of hyperbolas.

(2) LATTICE — Generates a triangular mesh from the lis t  
of mesh points and physical coordinates generated by 
AUTOMESH.

(3) POISSON — Solves Maxwell's electrostati c 
(magnetostatic) equations for the scalar (vector) 
potential for problems having 2—di mensi onal Cartesian 
or 3—dimensional cylindrical symmetry. Computes 
electric and magnetic fields.

(4) TEKPLOT — Plots the physical geometry and meshes 
generated by LATTICE and equi potent i al (or field) 
lines from POISSON.

A sample run is included which calculates and plots the

electric field near the electrodes of the standard i on

source. In that run, which was made on the University of

Montana VAX, the four programs are called AUTSO, LATSO,

POISO, and TEKSO, respect!vely.

In preparing the AUTSO (AUTOMESH) input, the user 

identifies the portions of the boundary having different 

potentials or current levels- For each such region, the 

user inputs the potential or current and the boundary of 

the region. The boundary input is a set of two-dimensional 

coordi nates.

This was done for the AUTSO portion in the included 

example. In that part, the following inputs were coded 

into the f ile  HFM4-DAT.

Run 1abel .
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NREG
DX
DY
XMIN
XMAX
YMIN
YMAX
XREGl

KREGl 
KM AX 
YREGl

= Number o-f regions 
= Horizontal mesh increment 
= Vertical mesh increment 
= Minumum horizontal coordinate 
= Max i mum horizontal coordinate 
= Minimum vertical coordinate 
= Maximum vertical coordinate 
= Location o-f mesh size change in 

d i rect i on 
= Number of mesh points from XMIN 
= Number of mesh points from XMIN

the horizontal

to
to

= Location of f irs t mesh 
vertical direction.

size change

XREGl. 
XMAX. 
in the

YREG2 = Location of second mesh size change in the 
vertical direction.

LREGl = Number of mesh points from YMIN to YREGl.
LREG2 = Number of mesh points from YREGl to YRE62.
LMAX = Number of mesh points from YMIN to YMAX.
NPOINT~ Number of corners defining the boundary of the

regi on.
Point specifications defining the boundary of the 

all-inclusive region. Ngtê . in each region the
corners (points) are either all read in in clockwise
or all in in counterclockwise order.

Region sped f i cat i on for region 1:
CUR = Current level (amps) i f  i t 's  a solenoid,

voltage level (volts) i f  i t 's  a static charged 
conductor.

MAT = Material code. A zero indicates that all
interior points are omitted from the problem.

IBOUND= Boundary indicator. A zero indicates that
field lines are parallel to the boundary. A one 
indicates that they are perpendicular to the 
boundary.

NPOINT= Number of PO entries (point specifications) 
for reg i on 1.

Point specifications for region 1.
Region and point specification for regions 2, 3, and 4-

Each region or point specification must start and end with 

the symbol $.

Only the sample inputs are defined here, and many 

capabilities of the package are not mentioned. The f ile  

HFM4.DAT was prepared, AUTSO was started, and the filename
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(HFM4) was given to AUTSO.

The inputs to LATSO (LATTICE) consist of the name of the 

f i le  (TAPE73) containing the input generated by AUTSO, and 

some "CON—variables" to be used by LATTICE, POISSON, or 

TEKPLOT.

CON(19) = ICYLIN =1 cylindrical coordinates (X=r, V=z)
CON(20) = NBSUP = Upper boundary field line parameter
CON(21) = NBSLO = Lower boundary field line parameter
CON(22) = NBSRT — Right boundary field line parameter
CON(23) = NBSLF = Left boundary field line parameter

These values were 0,0,1,1, respectively, indicating field

lines parallel to the upper and lower boundaries and

perpend i cular to the le ft and right boundaries of the

general region.

CON ( 46 ) = ITYF'E = Symmetry type (A safe choice is
one(1), indicating no symmetry.)

CON(66) = XJFACT = O. for all scalar potential problems.
(The decimal point is needed.)

The POISSON (POISO) run itse lf begins with the name of

the input f i le  or unit (TTY in the sample) and the dump

number (zero (O) in the sample). POISSON accepts the lis t

of mesh points in dump zero, a part of a large f ile

generated by LATTICE.

First radial mesh point 
Last radial mesh point 
First axial mesh point 
Last axial mesh point 
Radial coordinate for KMIN 
Radial coordinate for KTOP 
Axial coordinate for LMIN
Axial coordinate for LTOP

The coordinates were set to O., .5, 7.0, and 12. in the

sample run and the pointers to 1, 11, 1, 26, respectively.

CON(42) = KM IN
CON(43) KTOP
CON(44) = LMIN
CON(45) = LTOP
CON(54) = XMIN
CON(55) = XMAX
CON(56) YMIN
CON(57) = YMAX
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This specifies a cylindrical geometry containing the 

electrode holes, the region of interest. (See Figure 1.) 

The radius of the region is twice that of the holes and 

i t 's  extent (5.0 mm) equals the axial distance through the

three holes- The axial centerline of the mesh coincides

with that of the holes.

In preparing input for these programs, decimal points are 

required as in the sample. Users must also be careful to 

enter the terminator (S) as shown.

POISSON solves the boundary value problem at the 

specified mesh points and indicates that dump number one 

has been written on the dump file . I t  then prompts the 

user with "? TYPE INPUT VALUE FOR DUMP NUM ". By entering 

—1 at this point, the user terminates the POISSON run.

If a plot of the field or equipotentia l lines is desired 

the user runs TEKPLOT (TEKSO). The inputs required are 

NUM = Dump number
ITRI = O for triangular mesh ( = 1 otherwi se)
NPHI = Number of equi potent i al lines

A plot is included in the sample run- The POISSO run

generated a f i le  called OUTPOI which contains the electrode

field in and around the electrode holes. This f ile  was

then input to SCHAR i on beam simulation code as discussed

in Appendix B.
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t lYPE Wm4.DAT
MM N0.3 20 MIL (.8MH) DIAMETER HOLE 14 JULY, 1989 
MCC MRCC-4,DX-.0250,DY-.2, YMAX-19. . XMAX-7, ,MP01NT-0, 
XME€1«1. , KRECIMI, KMAX-101,
YRECl-7., YREQ2=12. ,LREC1=30,IRE€2=8G,LMAX=111$
%m Y«0.,X=0.$

Y=19.,X=0.$
#0 Y=19.,X=7.$
*0 Y=0.,X=7.$
«0 Y«0.,X=0.$
MEG MAT=Q,IBOUND=;-1,CUR=5000.,NP0INT=9$ 
tm  Y-0.,X=0.$
«TO Y*1.,X=0.$
«TO Y=1.,X=G.«
«TO Y=7.,X=€.« .
«TO Y»7.,X=.25«
«TO Y=8.,X=.25«
«TO Y-8.,X=7.«
«TO Y*0.,X»7.«
«TO Y=0.,X=0.«
««EG MAT-0,IBOUN1>»-1,CUR=-€00.,NPOIMT=5«
«TO Y»9.,X«7.«
«TO Y=9.,X=.2&«
«TO Y»10.,X=.25«

. «TO Y*10.,X*7.«
«TO Y*9.,X=7.«
«fCG MAT-0,IB00HD—1,CUR=0.,MPQXHT=9«

. «TO Y»tl.,X»7.«
«TO Y-11.,X=.2S«
«TO Y-12.,X-.25«
«TO Y-12.,X-G.$
«TO Y=18.,X=G.«
«TO Y-18l,X=0.«
«TO Y-19.,X-0.«
«TO Y-19.,X=7.«
_̂Y-11..,X»7.«

« TON AUTSO'

?RPE INPUT FILE NAME 
HF»

R0UON NO. 1 
OK

REGION NO. 2
OK

REGION NO. 3

RBdON NO. 4 
OK
FORTRAN STOP 
« TON LATSO

TTfPE INPUT FILE NAME 
TAPE73
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MOP 0 WILL BE SET UP FOR POISSON

ROn NQ.3 20 MIL (.SHH) DIAMETER

TTWE INPUT VALUES FOR COM(?)
«fS 1 «21 0 0 1 1 i46 1 *66 0. S

ELAPSED TIME « 26.0 SEC.

ITĜATIQN CONVERGED

ELAPSED TIME « 48.7 SEC.

GENERATION COMPLETED

DID* NUMBER 0 HAS BEEN WRITTEN ON TAPE35.
FORTRMI STOP 
$ «N POISO

TTTPE "TTY" OR INPUT FILE NAME
I

TXT

TTTPE INPUT v a l u e  FOR OUKFWJM
4

BEGINNING OF POISSON EXECUTION FROM NUMBER O

PROS. NAME S  2 0  M IL DIAMETER HOLE

fTTPE INPUT VALUES FOR OON ( f )

• 4 2  1 11 1 2 6  I•5 4  O . ,5  7 .  1 2 .  a

I
CYCLE AMIN AHAX RESIDUAL-AIR ETA-AIR RHOAIR XJFACT

0 O.OOOOE+00 O.OOOOE+00 l.OOOOE+00 1.0000 1.9000 0.0000

200 RHOAIR OPTIMIZED 0.9865 1.9486 LAMBDA 1

200 -5.9970E+02 4.9998E+03 1.6279E-03 0,9865 '1.9486 0.0000
UMT01::_TXB4: 19:05:41 POISO CPU=00:01:S8.52 PF=5164 10=2244 MEM=1024

400 RHOAIR OPTIMIZED 0.9591 1.9487 LAMBDA 1

400 -5.9970E+02 5.0000E+03' 3.3151E-06 0.9591 1.9487 0.0000
UMnrei::_TXB4: 19:06:43 POISO CPU=00:02:19.28 PF«S172 10=2247 MEM=1024

450 -5.9970E+02 5.0000E+03 4.3051E-O7 0.9595 1.9487 0.0000

SOLUTION CONVERGED IN 450 ITERATIONS

ELAPSED TIME * 387.2 SEC.

DUMP NUMBER 1 HAS BEEN WRITTEN ON TAPE35.
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EUPSEB TIME = 387-2 SEC-

DUMP NUMBER 1 HAS BEEN WRITTEN ON TAPE35.

TTTPE INPUT VALUE-FOR DUMP NUM
-È
FORTRAN STOP 
$ RUN TEKSO

7TVPE INPUT DATA- NUM, IT R I, NPHI, INAP, NSHXY,
1 *  25 S 
INPUT DATA
N »  1 ITR I= 0 NPHI= 25 INAP= 0 NSUXY- 0

PLRTTING PROB- NAME = RUN NO.3 20 MIL <-5HM) DIAMETER 0YCLE*4^o

?TVPE INPUT DATA- XMIN, XMAX,* YMIN, YMAX,
S
INPUT DATA
XlflH= 0.000 XMAX= 7.000 YMIN= 1.000 YMAX= 18.000

?nPE CO OR NO 
C»

HROB. =RUN NO.3 20 MIL (.SMM) DIAMETER CYCLE = 4S0
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appendix_b

SCHAR_ÇOMPUIER_CODE_FgR_THE_gPIIÇALLY_PUMPED_IQN_SgURÇE 

In 1987, Hayden and Jakobson modi f i ed their computer 

program SCHAR to study beam degradation in the LAMPF 

optically pumped ion source (Hayden,1987). The new version 

of SCHAR, known as SCHSL5, simulates the relevant features 

of the optically pumped ion source configuration described 

in the figures and table in section I. Given the field due 

to the electrode potentials, SCHSL5 can simulate the 

motions of protons injected into the f irs t electrode hole, 

provided their in itia l conditions are known.

The output of SCHAR includes macrof i 1 ament count (NLEFT) , 

emi ttances (SXVX,S Y V Y r m s  transverse velocity 

components (VXRMS,VYRMS), rms transverse position 

components (XRMS,YRMS), and others. These variables are 

printed at key axial positions: at both sides of each

electrode, at the reference point (z =61mm) , at the 

neutraliser, after i t ,  at the entrance to the ionizer,and 

fallowing the ionizer.

Portions of a sample run are included. The run used the 

POISSON—generated electric field presented in Appendix A. 

That field results from a single 20—mi 1 cylindrical hole in 

each electrode, the electrodes being 1 mm thick and 

mutually separated by 1 mm gaps. They have potentials 5kv, 

—.6kV, and Okv respectively. The magnetic fields in the 

standard ion source are calculated in SCHSL5.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4 7

The sample run begins with an editor (TECO) session in 

order to locate the -field values in POISSON ' s output f i le  

OUTPOI.LIS. (The field values began in line 146->

Next, before SCHSL5 could be run, the electric fie ld data 

required conversion to a form which would be compatible 

with SCHSL5. The program OPREAD was used for this purpose. 

The user--SLipp 1 i ed inputs required by OPREAD were as 

foilows.

Name of the output f i le  (EMF, here)
N)t = No. of X—points (radial mesh points, here)
Ny = No. of Y—points (axial mesh points, here)

= No. of lines in OUTPOI.LIS proceeding the 
electric field data (145,here).

E-field multiplier

In the sample, 11 AND Ny = 26. This causes OPREAD to

extract a grid for an electric field which is cylindrical

about the injector line and which has a diameter which is

twice that of the hole diameter (.5mm) and which has a

length extending through the electrode region (5mm).

Geometry input to AUTOMESH (Appendix A) was in 

millimeters; consequently, the electric field output by 

POISSON was in volts/mm. Since SCHSL5 requires that the 

electric field be in volts/m, the E—field multiplier was 

set at lOOO.
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$ TECO
EKIER FILE NAME 
OWOI.LIS ,
QL» FILE

33505 CHARACTERS.
*I40LT\T\10T$$
lUBhST SQUARES EDIT OF PROBLEM , CYCLE 450

NONE 
1 K L

SYMMETRY TYPE 
VCSCALAR) R Z ER T  /m m | EZ € 7 m  1 ET ^ /M M

1 36 4.9B991E+03 0.00000 7.00000 0.00Ô 0.218 0.214

3 36 4.99992E+03 ' 0.05000 7.00000 -0.084 0.121 0.143

5 36 4.99992E+03 0.10000 7.00000 -0.135 0.036 0.143

FORTRAN PAUSE 
% jm  OPREAD 
EKEER E-FIELD NAME 
Em
ENIER TOTAL NUMBER OF X-POINTS, TOTAL NUMBER OF Y-POINTS 
iWS
EWPER NUMBER OF LINES TO BYPASS 
14S
ERIER E-FIELD MULTIPLIER DEFAULT=1.0
low < .

FORTRAN STOP 
$ TYPE Bf4.DAT 
I# 25
9 0 O.OOOOOOE400 2.180000E+02 x
1 Ù -8.400000E+01 1.210000E+02 .
T 0 -1.350000E+D2 3.B00000E+01
3 0 -1.430000E+02 -e.800000E+01
4 0 -7.900000E+01 -2.140000E+02
5 0 -4.000000E+00 -4.200000E+02
« 0 2.290000E+02 -l.SOOOOOE+02
7 0 -3.300000E+01 -2.800000E+01
» 0 -2.500000E+01 -i.800000E*01
5 0 -4.100000E+01 -1.500000E+01
1# 0 -4.300000E+01 -l.lOOOOOE+01
9 1 O.OOOOOOE+00 2.205000E+03
1 1 -5.560000E+02 2.023000E+03
2 1
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The inputs to SCHAR are:

XOMAX
YOMAX
VXSMAX
VYSMAX
VO
CONSQ
NPART
NSOL
BO

CELLEN
FLDLEN
NSTCEL

NSTFLD

= Maxi mumval ue of X at z=0
= Maxi mum val ue of Y at z=o
= Maxi mumval ue of X at z=o
= Maxi mumval ue of Y at z=o

X

I
Particle speed at z=0 
Interaction scale 

Na = Number of macroparti cl es 
Number of solenoids 
Strength of the axial 

the electrode regi on. 
Length of neutrali z er 

neutrali zer 
integrati on

magnetic field in

of
of

(not
(not

Length 
Number 

cel 1 «
Number 

i n whi ch 
used ) 
used )

radi us

region
solenoi d 
steps in

field
each

each cell 
nonzero.

(at ionizer entrance) 

(Allows non—random input

of integration steps in 
the magnetic field is

FRAC2 
FRACB
Third solenoid hole 
Picture option.
Partiele 1 i nput overri de.

for one particle.)
Overriding lengths for neutralizer, ionizer, and d rift 

region. (These override f i le  input of lengths.) 
Number of integration steps for those regions.
Random number generator seed.
Number of holes per electrode.

INDEP indicates one (centered) hole per electrode. 
In itia l condition selector.

CR selects a KV distribution for position and 
P selects a KV distribution for position and a 
parabolic distribution for velocity.

Name of the input f i le  containing the electric field. 
Hole separation control (for multiple holes per 

electrode)
Number of regions in the electrode structure.
ICUT = Number of run—repi t i  t i  ons for estimating the 

final beam current.
Number of integration steps in the 5 regions in the 

electrode region.
Lengths of the 5 regions (1mm in the sample).
DELR = radial integration step size for electrode 

regi ons.
DELZ = axial integration step size for electrode 

regi ons.

Upon the last entry, tables labelled "RESULTS AFTER 

SOLENOID # O" are printed. After integrating through
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success!ve cells, the tables are printed for the other 

critical axial locations. With N =1000, the entire run 

(replications included), sometimes required several hours 

on the VAX8600.

At each selected axial location the table shows the 

status of the particle population at that location. The 

number of particles is indicated and the average and rms 

angular momenta are shown.

The "QQ MATRIX" is the correlation matrix of X,X̂ ,Y,and

normalized by their maximum values specified in the i nput.
IM

QQ < I , J) = ( ZZ  ( Q g ( K )  - Qx>(Qj.(K) - Q^. ) / (NQ^Q_^) ) ZT

where Qj- = Ith. variable.

Qĵ  = Mean value of Q̂ ,
A
Qj = In itia l maximum of ,

(I = 1 , 2 , 3 , 4 )

Nq = Number of macroparticles le ft, and 

=: 1 for non—rel at i vi st i c speeds.

The quantity "VOL4" is the volume of an ellipsoid 

representing the swarm of N points in 4 dimensional space:

V0L4 = (4-7T)̂  ̂I QQ | /2

Six phase space areas are then printed — SXVX, SYVY, SXVY, 

SYVX, SXY, and SVSVY. These are computed from QQ. For 

example,

SXY = 4?f\jQQ (1,1) #QQ (1,3) *QQ<3, 1 )

SX—EMITTANCE and SY-EMITTANCE are the emi ttances 

corresponding to the phase space areas SXVX and SYVY
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respecti vely:

é  —
SX = SXVX*XOMAX*VSXMAX* < 10 ) /-?<
SY = SYVY*Y0MAX*VSYMAX*<10̂ /V̂ )/X

The other outputs are

EXVX, EYVY, and EXY — convex polygon areas (not used)
NEDBEX, NEDGEY, and NEDGXY   not used
THETA — not used 
Z — z coordinate (m)
XAVE, YAVE — mean transverse position coordinates 
VXAVE, VYAVE — mean transverse velocity coordinates 
SPAVE — mean speed
XRMS, YRMS — rms transverse position coordinates 
VXRMS, VYRMS — rms transverse velocity coordinates 
SPRMS — rms speed
TUNANG — tuning angle (not used)

"AVERAGE SPHERE RADIUS" and "SPHERE RADIUS RMS" refer to 

the mean and rms values of

Y A A 2  A X  ^  !
(X/X) + (V̂ /V̂ > -I- (Y/Y) + (V̂ /Vy)

respecti vely.
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^  $ RUN BCHSLS

■D
CD

C/)
C/)

8

ci'

CD■D
O
Q .
CQ

O

■D

C / )
C / )

ENTER "FILE" TO READ IN DATA FILE 
FILE
ENTER FILE NAME 
TRY4
ENTER "CHANG" TO CHANGE FILE CONTENT,"/" FOR'PRINTOUT 
CHANG

CHANGE INPUT DATA-C.ARRIAGE RETURN SAYS NO CHANGE 
. XOMAX= 2 .500E -04  NEW VALUE=

YOMAX= 2 . 500E-04 NEW VALUE=
' VXSMAX= 3.000EH-04 NEW VALUE- - .............

VYSMAX- 3.000E+04 NEW VALUE=
■ V0= 1 .600E+05 NEW VALUE=

CONSG= l.OOOE-03 NEW VALUE-
CURR:=: O.OOOE+00 NEW VALUE==„ 000125 
NPART=1000 NEW VALUE=
NSOL= 3 NEW VALUE=

I  BO- 1 .560E+00 NEW VALUE»
CELLEN= l.OOOE-'Ol NEW VALUE=
FLDLEN= l.OOOE-Oi NEW VALUE=
NSTCEL= 16 NEW VALLIE==
NSTFLD= 16 NEW VALUE=
FRAC2= 5„OOOE-Ol NEW VALUE=
FRACB= Ô.00OE+OO NEW VALUE--

 ̂ CHANGES MADE. ENTER "FILE" TO WRITE NEW FILE

ENTER 3RD SOLENOID HOLE RADIUS IN METERS. DEFAULT 1 M.
.0 0 7 1 4 '
ENTER "POP" FOR PICTURE OPTION.

ENTER "OR" FOR PARTICLE #1 INPUT OVERRIDE :

ENTER "C" FOR OVERRIDING CELL LENGTH W



CD■D
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Q .
C

& "  CELLEN ( 1)=,. 112

"O
CD

C/)W
o"3
0
3
CD

8

ci'3"

1
3
CD

"nc
3.
3"
CD

CD"O
O
Q .

■D
O

CD
Q .

■D
CD

C / )
C / )

NST ( 1)=16 -L' V- ‘ i
CELLEN ( 2) = .09 65  I

NST ( 2) ==16 L p  ' !
CELLEN ( 3) = .6 3 2  ' '
NST( 3 )= 8  :
ENTER RANDOM NUMBER 'SEED?; FOR FIRST RUN ■

•? :
FILE NAME FOR SAVED F ILE — START WITH X— IS XGM '
ENTER "INDEP" FOR 1 HOLE, "CL7" FOR 7 HOLES, "CL19"F0R 19 HOLES
"CL13" FOR 13 HOLE STAR, "CL37" FOR 37 HOLES, "SLOTS" FOR SLOTS IN CIRCLE
"RING" FOR RING INPUT 
INDEP
ENTER "P" FOR A PARABOLIC V DISTRIBUTION 

ENTER NAME OF E -F ILE
f - M A  -

5- ENTER C TO C HOLE SEPARATION. 0. GIVES DEFAULT TO ORIGINAL.

VZSMAX SET BY ENERGY AT 1.418828 lE+03 

ENTER NUMBER OF REGIONS' IN SOURCE— 5 MAX,
cr

MTEF
/

: CUTOFF NUMBER FOR PARTICLES
.1. '"x.:>

OF STEPS IN REGION 1 =10
OF CTCTIZ'C IN REGION 2 =10
OF STEPS IN REGION 3 =10

# OF STEPS IN REGION 4 ==10
# OF STEPS IN REGION 5 =10
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SX-EMITTANCE= 4 .879E +0Î MM-MR 
EX-EMITTANCE-- O.OOOE+00 MM-MR 
THETA:- 0 .0 0  DEG.

SY-EMITTANCE= 4.603E+01 MM-MR 
EY-EMITTANCE':: O.OOOE+00 MM-MR

XAVE= 2 .5 40 E -06  
YAVE=-3.124E-06 
Z= O.OOOOOOOE+00 
VXAVE='-S.229E+02 
VYAVE=-7.246E+02

XRMS= 1.2B5E-04 
YRMS= Î.2 3 1 E -0 4

VXRMS=
VYRMS=

1 .509E+04 
1 .485E+04

SPAVE= 1 .6000000E+05
TUNE ANGLE: 0 .0 0  DEG.

SPRMS= 6.0515366E-03
DU-F, ANGLE= . 0 .0 0  DEG.

AVERAGE SPHERE RADIUS--- 9 .787E - •01 SPHERE RADIUS RMS= 2 .1

NUMBER OF PARTICLES IN RING # 1 = 1000 REL. DENS. -  4 .0000
NUMBER OF PARTICLES IN RING # 2= 0 REL. DENS. ” 0 .0000
NUMBER OF PARTICLES IN RING # 3== 0 REL. DENS. =: 0..0000
NUMBER OF PARTICLES IN RING # 4= 0 REL. DENS., 0.0000
NUMBER OF PARTICLES IN RING # 5= 0 REL. DENS. 0.0000
NUMBER OF PARTICLES IN RING' # 6= 0 REL. d e n s : 0.0000
NUMBER OF PARTICLES IN RING it 7= 0 REL, DENS. ~ 0 .0000
NUMBER OF PARTICLES IN RING # S“ 0 REL. DENS. = 0 .0000
NUMBER OF PARTICLES IN RING # 9 " 0 REL. DENS. =: 0 .0000
NUMBER OF PARTICLES IN RING $1-10“ 0, REL. DENS. = 0 .0000

0 PARTICLES LOST

EKIN:= 1.2799971E+10 EPOT= I,. 63:69467E+0lB ETOT« 1. 2963666E+

165E-01

enen



5 6  I
* * * * * * * * * * * * * * * * * r* f -** ********* ** * *********-*** ***** **
RESULTS AFTER SOLENOID # O I  START 5  87 RUN p 1
* * * * * * * * * * * * * * * * * * * * * * * * * * *  * *  * * * * * * * * * * * * * *  * *  * * *  * * ■ * • * • *  * * * - ! •  * *  * * * * T . - * *  s  ■

REGION #  0, STEP #  0 ANG .MOM =  .05097 RMS ANG,MOM «  2.272

664 PARTICLES LEFT IN THE BEAM

NUMBER OF CLOSE ENCOUNTERS 1 ?

1.361E-01 
-6.4S5E-01 
-1.897E-03 
1.257E-02

-6. 485E-01 
3.395E+00 
5.545E-03 
-5.565E-02

GQ M A T R IX  
1.897E-03 1 
5.545E-03 -5.565E-02 
1.480E-01 -6_947E-O1 

-6. 947E -0 1 3. 53Ê3E+00

VOL4= 3. 2565S37EH-00 
SXVX= 2.5560253E+00 
SXVY= B.7174206E+00 
SXY= 1.7S32688E+00 
S IGMAB= 5. 99984882̂ -00 
EXVX= O.OOOOOOOE+OO 
HEDGEX= O

SYVY= 2.5514195E*00 
SYVX= 8.90B7534E+00 
SVXVY= 4 - 3548969E4-01

EYVY= O. OOOOOOOE-* 00 
NEDGEY= O

EXY= O.OOOOOOO 
NEDGXY= O

SX-EMITTANCE= 1.979E*01 MM- 
EX-EMITTANCE= O.OOOE+OO MM- 
THETA= 0.00 DEG.
XAVE= 1.291E-07 XRMS= 9.
YAVE=-2.1B4E-06 YRMS= 9.
Z= 1.0000000E-03 
VXAVE=-8.795E+02 
VYAVE= 1 . 817E-I-03

MR SY-EMITTANCE- 
MR EY-EMITTANCE=

626E-0!

i . .
O

9 7 6 E + 0 1 MM-MR 
OOOE-i ODMM-MR

VXRMS= 5. 532E-! 04 
VYRMS= 5.647E-f04 

SFAVE= 3. 1841963E+05 SPRMS- 5. 6239014E-?-03 
TUNE ANGLE- 0.00 DEG. DIFF. ANGLE- 0.00
AVERAGE SPHERE RADIUS- 2.520E-̂ 00 SPHERE RADIUS

DEG.
; RM3- -9550

■ NUMBER
■ NUMBER 
. NUMBER
NUMBER
NUMBER
NUMBER
NUMBER

■ NUMBER 
:■ NUMBER 
• NUMBER

336 PA

OF PARTICLES IN RING 
OF PARTICLES IN RING 
OF PARTICLES IN RING 
OF PARTICLES IN RING 
OF PARTICLES IN RING 
OF PARTICLES IN RING 
OF PARTICLES IN RING 
OF PARTICLES IN RING 
OF PARTICLES IN RING 
OF PARTICLES IN RING 
RTICLES LOST

#
#

#
#
#
#

±t

1 =

4=

6=

8= 
.. 9= 
#io-

664 
O 
O 

. o

O
O
o
o

REL. 
REL . 
REL. 
REL. 
REL. 
REL. 
REL. 
REL. 
REL. 
REL.

DENS,— 
DENS.- 
DENS.- 
DENS.= 
DENS.- 
DENS.- 
DENS.= 
DENS.= 
DENS.- 
DFNS_—

2- 6560 
O,OOOO 
O.0000 
O.OOOO 
0-0000 
O.OOOO 
O-OOOO 
O.OOOO
o.oobo
O-OOOO

EK IN- 5.0711417E+ 10 FPOT- 2 . 3878605E-̂ OB E TOT= r>20 1 ! 1 O
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RESULTS AFTER SOLENOID # 3 I  START 5 8? RUN #  1

REGION #  5 ,  STEP #  4 ANG ,MOM=- .5 5 0 4  RMS ANG .MOM3 .5575

6 PARTICLES LEFT IN THE BEAM

QQ MATRIX
3.290E+02 
3.G34E+00 
1.117E+02 
1.260E+00

3.8S4E+Q0 
4.589E-02 
1.303E+00 
1.46SE-02

1.117E+02 
1.303E+00 
1.417E+02 
1.633E+00

1.260E+00 
1.468E-02 
1 . 6 3 3 E + 0 V  
1.881E-02

V0L4= 8.1901103E-03 
SXVX= 1.13S4976E+00 
SXVY= 2.6956205E+01 
SXY= 2.3215642E+03 
SIOMAS= 3.51S3671E+02 
EXVX= 0.OOOOOOOE+00 
NEDGEX= 0
'SX-EMITTaNCE- 2 .7 4 2  ]#-M R  
EX-EMITTAKCEr 0 .0 0 0  MM-MR
THETA= 0.00 DEG. '

SYVY= 2.9859206E-01
SYVX= 2.7541679E+01
SVXVY= 3.1978080Ë-01 

* ■
EYVY= O.OOOOOOOE+00 
NEDGEY= 0 

SY-EMITTANCE- . 7 I 88  MM-MR 
EY-EMITTANCE= 0 ,0 0 0  MfA-MR

EXY% 0 .0000000
NEDGXY== O

XAVE=-1.348E-03 
YAVE=-1.205E-03 
Z= 8.455001lE-01 
VXAVE=-1.836E+03 
VYAVE=-1.640E+03

XRMS= 4.967E-03 
YRMS= 3.260E-03

VXRMS= 7.040E+03 
VYRMS= 4.5O7E+03 

SF'AVE= 9. 9173B50E+0S SPRMS= 4.78431378 + 02 ■
TUNE ANGLE= 0.00 DEG. DIFF. ANGLE= 0.00 DEG,

; AVERAGE SPHERE RADIUS= 2.252E+01 SF:-HERE RAD I USRMS= 4. 010

: NUMBEROFPARTICLES IN RING # 1= 0 REL - DENS.=■ 0 OOOO
; NUMBEROFPARTICLES IN RING # 2= 0 REL. DENS,= 0 OOOO
; NUMBEROFPARTICLES IN RING # 3= 1 REL. DENS.= 0 0008
: NUMBEROFPARTICLES IN RING # 4= 5 REL. DENS. 0029
: NUMBEROFPARTICLES IN RING # 5= 0 REL. DENS.= 0 OOOO
: NUMBEROFPARTICLES IN RING # 6= 0 REL. DENS.— 0 OOOO
1 NUMBEROFPARTICLES IN RING # 7= 0 REL. DENS.= 0 OOOO
NUMBEROFPARTICLES IN RING # 8= 0 REL. DENS.= 0 OOOO

' NUMBEROFPARTICLES IN RING # 9= 0 REL. DENS. OOOO
. NUMBEROFPARTICLES IN RING #10̂ 0 REL. DENS.= 0 OOOO
: 9 9 4  PARTICLES LOST

1 EKIN= 4.9177677E+11 EPGT= 0. OOOOOOOE-+00 ETOT= 4. 91 7 7 /î77E-'-11

I ;

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



I l l
I I I

I:!

iiiil

!5

11

10

II
[i.n
iiu

11!; 
4-

I T 1 1 I 1 1 ! 1 : ! ! ! : : ! ' ■ ■
1 1 Î 1 j ‘ • ! :

M ' 1 : ! 1 : . M i !

i i . r 4 -L »-.ff- ; 1 Î • j ’ i i * ■ Î ■ • j
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Mi SOL #
; I ,

SX VS
SUMMARY OF EMITTANCE VALUES

SYVY SAVE

; ;

: I
I ‘ iM.i

•i i i

i i

0
1

IRUN=
6

NLEFT: 
IRUN= 

10 
NLEFT: 
IRUN= 

16 
NLEFT: 
IRUN= 

19 
NLEFT: 
IRLJN= 

24 
NLEFT: 
IRUN=

4.8159080E+00 
1.1659292E+01 
5.7025990E+01 
1.13S4976E+00 

1 ISTART=

4.6929975E+00 
1.1700906E+01 
4.7932362E1-01 
2.9S592Q6E-01

4-7544527E+00 
1.1680099E+01 
5.2479176E+01 
7.1S54434E-01

87 IWRITE= 6 CURNEW= 7.500E-07

114
2 ISTART=-1926247624 IWRITE= 10 CURNEW= 6.25UE-01

: 134
3 ISTART: >6875723 I WRITE-- 16 CURNEW- 6.667E-07

: 140
4 ISTART- 

: 145
5 I ST ART— 

: 137
6 ISTART-

1346569940 IWRITE- 19 CURNEW- 5.93BE-07
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