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Group of 2-D Codes

for simulating charged particle dynamics in electromagnetic fields

‘time-independent time-domain

DC beam trajectory
beam-induced field
Child Law

KUAD2

time-domain PIC
beam-cavity interaction

KUBLAI




Basic Equations and Formulations (1/2)
charged particle dynamics

K =m,c®(y —1) : kinetic energy

P=MmyyU : momentum

P, =r(p, + A, )= const. U, =U_ CoSc
U, =u_sina

2
, —0(E, —u,B. )sina +{Q(Er + uaBz)+m"%}cosa}

P, =r(p, +0A,)=const. U, =U,_ CoSa
W =K +q¢ = const. u =u_sina

2
{-quasg—qwz—uHBJsinm{q(Er+uasz>+m°i“9 }a}

(o2
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Basic Equations and Formulations (2/2)

(iv X (Aeie)l = HoJoly

| A

E=-V¢
B = uH,i, +V x(Aj,)

&

LS

iVx(H9i0)>:Vx{i(J _Jeie)

beam-induced electromagnetic fields

KUBLAI

E :_v¢—{%+%Vx(Ggig)}

B =uH,i, +Vx(A,)

-V-(Vg)=p

&s




Common Features in KU-Codes (1/3)
FEM with with quadratic curvelinear elements

linear elements

.+ curvelinear elements
.+ highly reproducible
V. L :: of curved boundaries

P S T T [ S S IS S N B

R Bt non-physical beam filamentation
z[m]
: linear
guadratic elements -—I
L fmmmmme g m e ‘
7 W
o5l quadrat|c |
| g ‘F‘v‘
0 ! uk 'll. i '! E’JN[ !}igﬁ“ li? Fl” ;]
@ e ebeam_;___\_____!,_‘_
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Common Features in KU-Codes (2/3)

high accuracy in cylindrical symmetry

Review of the existing eigenmode solvers

- rrrrm rrrm rrrrm T rrrim
independent QU ad ratic Em] ! @) n1|' I ; t -
; : inear elemen
code variable method basis function elements 102 L A quadratic element 3
: RN 0 SUPERFISH 3
LALA rHo FEM linear S h ow - Q. "~ -
h F N B TMoyo -
muc 10-4— \\\\\ N N __TM011 —
SUPERFISH H. FDM linear - - E S v B T TMgg 3
: N S 020 3
high er s f s :
PRUD-W H, FEM quadratic precision. S [
o 10-5 3 =
g = 3
KUEMS Ho /It FEM quadratic = : 7
@ i i
. L. -6
MAFIA (URMEL) EH FDM linear o 10

2

=

D)

o

5

i 107

2 i 3

E, The H/r_formU|atIC)-n ShOWS 10'9_|_|_|.|] IIIIII|,|] IIIIII|.|] IIIIII|,|] Ly
higher accuracy in f, and 10° 100 100 100 10]

CPU Time, T [sec]

smooth convergence in V
with increasing N.

10'5 [ |||||,|] [ ||||,|]
10t 10° 10° 10
Number of Nodes, N

4




Common Features in KU-Codes (3/3)
unbounded fields with nonlinear media

New FEM/MM-hybrid method

deals with unbounded problems
Including inhomogeneous and
nonlinear media.
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Features of KUBLAI code

v full Maxwell in time-domain v'modified Newmark method
new method based on Newmark method
* not requiring Courant-Freidrichs condition

L cat< hAZ? + Ar?

* highly stable for intense beams

non-physical energy modulation and bunching
of an intense dc beam

2006/12/7 14




Features of KUADZ code

v_ dc beam only (in electro-
magnetostatic fields)

v much faster than KUBLAI
for dc beam simulations

input

vacuum fields, particle injection

particle trajectories
beam-induced fields

particle injection currents (optional)

v  space-charge-limited current from cathodes
v secondary electron yield from electrodes

ouput

2006/12/7

v deal with space-charge limited
flow (Child law)

i Plplot Window

Fodiol Digtance, r Jrm]

“11 lectron trajectories
A

RS Ernidfance, f,[® mm mrod]

rms emittance

1o
sial Drslance, 7 [mim]




Comparison between KUAD2 and KUBLAI

much faster convergence by KUAD2 for dc beam simulation

KUBLAI KUAD2
v time-domain YeXelz R v electro-magnetostatic (iterative calc.)

) ‘/ ¢ hbeam qnly

=]

il

ol

Rodial Distonce, r [mm]
Rodial Distonce, r [

r [mm]

—
E
E

=
L.
@
b
[ =

=

K

[=]}

=

j=]
=]

E

Radial Distance,

Kinetic Energy, E, [keY]
Kinetic Energy, E, [ke¥]

I 1 1 1 1 1 [ ] [ ] [ ] I
200 200
Axial Distance, 2 [mm] Auia| Distance, 7 [mm]
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5, 10, 20, 40, 80 MV/m
10, 20, 40, 80, 160 A/cm?
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norm. rms r-emittance @ z =1 mm

[T mm mrad]
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