
C
ircuit

M
odelW

akefield
C

om
putations:

P
rogress

R
eport

Jean-F
rançois

O
stiguy

&
K

ing-Y
uen

N
g

B
eam

P
hysics

D
epartm

ent,F
erm

ilab

W
ednesday

M
arch

22,2000



JF
O

stiguy
-

C
ircuitM

odelW
akefi

eld
C

om
putations

1

O
bjectives

•
E

stablish
a

localcapability
to

com
pute

w
akefields

•
Im

prove
the

efficiency
of

the
com

putation
to

allow
studies

involving

an
entire

linac
(

10
3)

structures.

•
U

nderstand
the

im
pactof

various
construction

errors
(frequency

&

transverse
alignm

ent)

•
D

o
a

com
parative

study
of

R
D

D
S

and
M

D
S
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N
um

ericalC
om

putations

D
iscretization

B
(r)

=
F

(r,α
i )

E
(r)

=
G

(r,α
i )

B
(r)

=
∑

i

α
i F
i (r)

H
(r)

=
∑

i

α
i G

i (r)

Substitute
in

differentialequation
or

equivalentw
eak

integralform
and

solve
for

α
i .
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C
ircuit

A
pproxim

ation

•
T

he
FE

M
corresponds

to
a

particular
choice

w
here

F
i

and
G
i

are

piecew
ise

continuous
interpolation

polynom
ials

w
ith

localized

support.
T

he
system

of
equations

is
typically

very
large

and
very

sparse.

•
For

the
E

quivalentC
ircuitM

odelthe
approxim

ation
basis

corresponds
to

m
odes

of
individualcells.

Since
the

transverse
beam

offsetis
sm

all,only
low

estorder
m

odes
need

be
included

(T
M

110,

T
E

111).
Instead

of
dealing

w
ith

the
m

ode
am

plitudes
directly,the

latter
are

scaled
in

such
a

w
ay

thatthe
electric

and
m

agnetic
energy

associated
w

ith
a

given
m

ode
can

be
obtained

from
pseudo

voltages

and
currents.
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C
oupling
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D
eterm

ination
of

the
C

ircuitP
aram

eters

T
he

circuitequations
can

be
solved

analytically
in

the
periodic

case.
T

he

solution
is

expressed
in

the
form

of
a

dispersion
relation

w
hich

depends

on
the

circuitparam
eters.

T
he

latter
can

be
obtained

by
fitting

to
a

corresponding
dispersion

relation
obtained

from
a

full3D
num

erical

solution.
T

his
calculation

involves
a

single
cell,w

ith
appropriate

Floquet

boundary
conditions.
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P
rocedure

•
Solve

in
the

frequency
dom

ain
(2nd

order
equations).

•
L

oop
equations

for
individualcells

(
I

is
unknow

n)

•
N

odalequations
for

the
m

anifold
(

V
is

unknow
n)

•
Solve

a
determ

inistic
system

over
a

range
of

frequencies
(2000

sam
ples)

(SpectralFunction
M

ethod)

•
From

the
value

of
I,com

pute
V

for
each

cell

•
U

sing
V

,com
pute

the
sum

w
ake

•
invertthe

SpectralFunction
(sine

transform
)
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O
bservations

•
T

he
sparsity

structure
of

the
system

rem
ains

the
sam

e
for

each
of

the

2000
frequency

steps.

•
T

he
solution

atstep
n-1

m
ay

provide
a

good
estim

ate
for

step
n

•
m

atrix
is

com
plex

sym
m

etric
(reciprocity)

•
W

hen
m

anifold
voltage

is
notelim

inated,m
atrix

is
block

tridiagonal
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Sparse
L

inear
E

quation
System

s

•
Standard

L
U

factorization
is
O

(N
3).

•
Storage

R
equirem

ents
O

(N
2).

T
he

com
putationalefficiency

of
sparse

solvers
is

due
in

partto
the

fact

thatthey
elim

inate
vacuous

operations.
N

ote
thatthese

operations
can

in

principle
be

avoided
in

a
dense

solver
w

ith
a

sim
ple

test.
T

he
B

L
A

S

package
usually

perform
s

such
tests.
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Iterative
M

ethods
for

Sparse
L

inear
E

quation
System

s

•
quadratic

form
involving

the
residual

A
x
−
b.

•
m

inim
ize

the
quadratic

form
using

a
K

rylov
m

ethod

•
To

im
prove

efficiency,precondition
(transform

)
the

system
prior

to

m
inim

ization
step.

N
ote:

the
preconditioning

m
atrix

should
be

sparse.
Incom

plete
Factorization

is
a

popular
choice,butby

no

m
eans

the
only

possible
one.
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D
irectM

ethods
for

Sparse
L

inear
E

quation
System

s

•
B

ased
on

G
aussian

elim
ination

•
Standard

(L
U

)
factorization

favors
m

axim
um

num
ericalstability

•
W

ith
a

differentordering
of

the
elim

ination,one
can

m
inim

ize
fill-in

and
greatly

im
prove

efficiency

•
M

any
strategies

available
to

find
a

m
ore

optim
alordering.

Sim
ple

strategy:
m

inim
ize

fill-in
atevery

step.
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Iterative
vs

D
irect

Solvers

•
Tests

w
ith

various
iterative

m
ethods

w
ere

perform
ed.

R
esults

w
ith

Q
M

R
and

incom
plete

factorization
w

ere
som

ew
hatdisappointing,

com
parable

to
L

A
PA

C
K

/B
L

A
S.E

fficiency
greatly

depends
on

the
preconditioner.

T
he

solution
for

previous
step

can
be

used
as

a
starting

point.
Itm

ay
also

be
possible

to
reuse

the
preconditioning

m
atrix

for
a

few
frequency

steps.

•
Tests

w
ith

a
directsparse

solver
based

on
an

optim
ized

ordering
strategy

proved
m

ore
encouraging.

A
lthough

finding
the

optim
al

ordering
is

com
putationally

expensive,
this

needs
to

be
done

only
once .

•
A

lthough
w

e
have

notcom
pletely

given
up

on
iterative

solvers,the
perform

ance
provided

by
an

optim
ized

ordering
directsolver

proved
to

be
satisfactory

for
our

needs.
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R
esults

!

•
R

D
D

S1
M

atrix,m
anifold

voltage
notexplicitly

elim
inated.

N
=

618

•
no

explicitinverse
used

to
obtain

the
cellvoltage

•
Pentium

III
550M

H
z

G
N

U
com

piler

•
TotalC

pu
tim

e:
12.05

seconds

•
M

atrix
assem

bly
represents

approxim
ately

60%
of

this
figure.
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L
oose

E
nds

•
B

oundary
C

onditions

–
“open”

:
a

0
=
a

1 ,â
0

=
−
â

1
(currently

in
use)

–
“shorted”:

a
0

=
a

2 ,â
0

=
0

•
M

anifold
below

cutoff
frequency

–
T

he
m

anifold
section

phase
advance

involves
a

cutoff
term

of
the

form
√

(1−
F
c /f

)
A

ttention
m

ustbe
paid

to
the

interpretation
of

this
term

w
hen

f
<
f
c.
f

varies
from

14.0
to

16.5
G

H
z.
F
c

is

slightly
larger

that14
G

H
z

in
the

lastfew
cells.


