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Basic HOM --> BBU idea

[N.Sereno PhD thesis]
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Single Cavity, 1st order threshold current
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Basic HOM --> BBU idea

[C.Tennant]
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Applications at Jlab

12GeV CEBAF upgrade
100uA@12 GeV

10KW FEL upgrade
10mA @ 145 MeV

~ 2600 HOMs of interest

~ 200 HOMs of interest
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CEBAF: design current (500uA)  vs. HOM limit (~18mA)
        No problem...

10kW FEL:design current (10mA) vs HOM limit (~3mA)

!!!
OK, so we do care...

K.Beard CASA Seminar 25 July 2004
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But how did we get that?

A straightforward solution is to use a tracking code 
 and watch what happens...  that is TDBBU
             

stable unstable

K.Beard CASA Seminar 25 July 2004

Man must shape his tools lest they shape him.
                -- Arthur R. Miller
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Another way... MATBBU

Im J

Re J

If the problem is reduced to a big complex matrix, it's possible to 
look for the eigenvalues, and positive real eigenvalues correspond 
to instabilities.  That code is closely related to TDBBU and is 
called MATBBU.  It is easier to use as the HOM's Q get very 
large, but I see no way yet to insert lasing into it right now...

K.Beard CASA Seminar 25 July 2004
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TDBBU- basic concept

Straightforward solution is to use a tracking code --  written by 
G.Krafft, taken up by B.Yunn, then K.Beard

[ G.A. Krafft and J.J. Bisognano, Proc. Of 1987 Particle Accelerator Conf., 1356 (1987)]

�move the bunches, update all the cavity excitation levels based on 
the position of bunches entering the cavity

�The growth time is ~ 2 Q
m 

/ω
m 

, so a good rule of thumb is to run it 

10X longer.

�CPU time ~ N
HOMs

 * Q/ω

�turn the current up and down to find instability
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The FEL is a laser, but TDBBU doesn't know about lasing...

Why bother with legacy code?
Con:
Is it possible that software is not like anything else, that it is meant 
to be discarded:  that the whole point is to always see it as a soap 
bubble?

Pro:
A s u cces s fu l [s oftwa re] tool is  on e th a t  wa s  u s ed  to d o s om eth in g
u n drea m ed  of by its  a u th or .
                -- S . C. Joh ns on

It has been said that physicists stand on one another's shoulders.  If
this is the case, then programmers stand on one another's toes, and
software engineers dig each other's graves.
                -- Unknown

K.Beard CASA Seminar 25 July 2004
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The idea that an arbitrary naïve human should be able to properly use 
a given tool without training or understanding is even more wrong for 
computing than it is for other tools (e.g. Automobiles, airplanes, guns, 
power saws).
                -- Doug Gwyn

Einstein argued that there must be simplified explanations of nature, because God 
is not capricious or arbitrary.  No such faith comforts the software engineer.
                -- Fred Brooks

Software entities are more complex for their size than perhaps any other 
human construct because no two parts are alike.  If they are, we make the 
two similar parts into a subroutine -- open or closed.  In this respect, 
software systems differ profoundly from computers, buildings, or 
automobiles, where repeated elements abound.
                 - Fred Brooks, Jr.

Why can reusing legacy code be difficult?

K.Beard CASA Seminar 25 July 2004
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TDBBU - as found, with little external 
documentation

C
C       G. A. KRAFFT 17-MAY-86
C

C       A VECTORIZED TWO DIMENSIONAL BEAM BREAKUP SIMULATION CODE
C=======================================================================
C MULTIPASS BBU with ENERGY RECOVERY - Updated for UNICOS at NERSC
C *** Recirculation matrix now in DIMAD units (To use old inputs with 
C     the matrix in x-px units, delete 8 lines specified in RECIRC segment). 
C *** THICK LENS VERSION and accommodates THIN LENSES (set L=0.0) too
C *** To accomodate energy recovery scheme, specify the PASS NUMBER at 
c     which ENERGY RECOVERY starts by using the variable 'IRECOV' in aprtr.
c     Also, BUNCHING FREQUENCY should be changed to TWO TIMES OF
C     RF FREQUENCY to enable 180 degree phase slip from acceleration
c     to deceleration in cavities.
C *** THRESHOLD CURRENT is CURR(mA) divided by IPDL(bunching subharmonic) 
C=======================================================================
C *** KSTART= 1 START OUT BY FILLING MACHINE WITH ONE BEAM IN STRUCTURE,

K.Beard CASA Seminar 25 July 2004
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then?

Ok, I began with my tool, splitcf, to examine the code...

Then, splitcf can generate a web page of documentation...

$> splitcf -F TDBBU.F

    line#                         type       name
 f       1/    30 -    88/    88  PROGRAM  "__main__" 
 f      89/   106 -   677/   677  SUBROUTINE  "PRECAL" 
 f     678/   683 -  1159/  1159  SUBROUTINE  "STEP0" 
 f    1160/  1180 -  1210/  1211  SUBROUTINE  "EMTNCE" 

$> splitcf -F *.F +W by0.html +ls +mc 5 -v

splitcf v2.5a8c 5/26/2004  Dr. K.B.Beard
---scanning "TDBBU.F" for FORTRAN routines...

    line#                         type       name
 f       1/    30 -    88/    88  PROGRAM  "__main__" 
 f      89/   106 -   677/   677  SUBROUTINE  "PRECAL" 

K.Beard CASA Seminar 25 July 2004

"When the only tool you have is a hammer, you 
tend to treat everything as if it were a nail."
                                                    -- Abraham Maslow
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splitcf's web page of TDBBU.F

K.Beard CASA Seminar 25 July 2004
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    There are debuggers, code profilers, and many optimization tools widely 
available, but if you're just looking at a directory full of code with no or little 
external documentation, where does one begin?

To that end, I wrote splitcf, a program to help go through 
C and FORTRAN IV, 66, and 77 source code and help identify what's 
there.
splitcf reads through files and can
      *identify individual routines
      *split up big files into many files containing one routine each
      *scan routines for documentation and dependencies
      *create a webpage
      *create a Makefile
      *and more...

advertisement

http://casa.jlab.org/internal/code_library/casa_lib/SPLITCF/DOC/

K.Beard CASA Seminar 25 July 2004
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another important tool (and another advertisement)

ensures the correct dependencies are met recompiling and 
relinking; available nearly everywhere, keeps track of how 
to compile and linkmake

$> make help
make -f Makefile.Linux help
make[1]: Entering directory `/CASA/erl/BEARD/FEL/tdbbu/3.0'
#
# make <command>
#
# all            - update everything
# help           - print this help
# show           - print current value of required symbols and their definitions
# clean          - delete all binaries for this platform
# distclean      - delete all binaries for all platforms
# create_os      - create all binary directories for this platform
# destroy_os     - delete all binary directories for this platform
# destroy_all_os - delete all binary directories for all platforms
# archiveall     - create a compressed tar backup of everything
# archive        - create a compressed tar backup for export
#
make[1]: Leaving directory `/CASA/erl/BEARD/FEL/tdbbu/3.0'

K.Beard CASA Seminar 25 July 2004
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general advice

After having dealt with many, many old programs, let me say:

Write your code as much as a communication to a (human) 
reader as much as to the computer; the next poor slob trying 
to understand it may be yourself.

Detailed guides to my personal programming philosophy and style:

http://casa.jlab.org/internal/code_library/casa_lib/KBB/DOC/bs.html

K.Beard CASA Seminar 25 July 2004

The program isn't debugged until the last user is dead. -- ?
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How does STEP0 actually work?  Looking for clues...

        DO 10000 IT=ITS+1,ITS+ITFL
C
C      ADD PARTICLE TO FRONT END OF LINAC
C

X(1,1) = FX + XOFF
PX(1,1) = FPX + PXOFF
Y(1,1) = FY + YOFF
PY(1,1) = FPY + PYOFF
FI(1,1) = FCUR(MOD(IT+ITSKL,IPDL)+1)
IF(IT.GT.ITOFF)FI(1,1)=0.0

        DO 9999 NP=NPASS,1,-1
        DO 9998 NM=NMA,1,-1
C
C   DO TRANSFER MATRIX MULTIPLICATION
C
        X(NP,ITP+1)=RTM(NP,NM,1)*X(NP,ITP)+RTM(NP,NM,2)*PX(NP,ITP)
     .             +RTM(NP,NM,3)*Y(NP,ITP)+RTM(NP,NM,4)*PY(NP,ITP)
       PX(NP,ITP+1)=RTM(NP,NM,5)*X(NP,ITP)+RTM(NP,NM,6)*PX(NP,ITP)
     .             +RTM(NP,NM,7)*Y(NP,ITP)+RTM(NP,NM,8)*PY(NP,ITP)
        Y(NP,ITP+1)=RTM(NP,NM,9)*X(NP,ITP)+RTM(NP,NM,10)*PX(NP,ITP)
     .             +RTM(NP,NM,11)*Y(NP,ITP)+RTM(NP,NM,12)*PY(NP,ITP)
       PY(NP,ITP+1)=RTM(NP,NM,13)*X(NP,ITP)+RTM(NP,NM,14)*PX(NP,ITP)
     .             +RTM(NP,NM,15)*Y(NP,ITP)+RTM(NP,NM,16)*PY(NP,ITP)
       FI(NP,ITP+1)=FI(NP,ITP)
C
C   INNERMOST LOOP DOES THE PARTICLE PUSH
C
        DO 121 I=ITP-1,ITOP(NM-1,NP)+1,-1
        X(NP,I+1)=TM(NP,I,1)*X(NP,I)+TM(NP,I,2)*PX(NP,I)
       PX(NP,I+1)=TM(NP,I,3)*X(NP,I)+TM(NP,I,4)*PX(NP,I)+DPX(I)
        Y(NP,I+1)=TM(NP,I,5)*Y(NP,I)+TM(NP,I,6)*PY(NP,I)
       PY(NP,I+1)=TM(NP,I,7)*Y(NP,I)+TM(NP,I,8)*PY(NP,I)+DPY(I)
 121   FI(NP,I+1)=FI(NP,I)
C

clo
ck

pass

NM

K.Beard CASA Seminar 25 July 2004

C=======================================================================
C          VECTORIZED TWO DIMENSIONAL BUNCH PUSHING SUBROUTINE
C          ALSO PERFORMS A PRELIMINARY LOAD BASED ON THE VALUE OF KSTART
C          AND A CAVITY AMPLITUDE UPDATE AT EACH TIME STEP
C=======================================================================
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single element

L -  physical length of element

∆T - all are 1 clock cycle wide!

M
T  

-  2x2 matrix (one for X, one for Y)

P
Z,pass

-  momentum upon exit

K.Beard CASA Seminar 25 July 2004
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T

T+1

T+2

T+3

marching the information in lock step...

12345

Each element is exactly 1 clock-step wide!

1 2 3 4

K.Beard CASA Seminar 25 July 2004
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Empty bunch

bunch pass#1

bunch pass#2

FI - fractional charge(typ. 1 or 0)

X - X position 
P

x
 - X momentum

Y- Y position
P

y
 - Y momentum

simple view of multipass linac

K.Beard CASA Seminar 25 July 2004
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types of elements

DRIFT (possibly with ∆P≠0) 

LENS (thin - just a focal length with no length)

LENS (thick - k
q

2   and  length>0 )

CAVITY (HOM)  (R/
Q 

, Q, frequency, and 

                                     either X or Y orientation, no length)

K.Beard CASA Seminar 25 July 2004K.Beard CASA Seminar 25 July 2004
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CECAV (drift with externally specified M
T 

)

MATRIX (4x4 matrix with delay)

RECIRC 
(4x4 matrix with delay and return to upstream point)

More Elements

K.Beard CASA Seminar 25 July 2004
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How do the HOMs work?

x

 132    S(I)=S(I)+FI(J,ICP)*(CF(I,4)*X(J,ICP)+CF(I,5)*Y(J,ICP)-CF(I,6))
...
        DUM=F(I)
        F(I)=DUM*CF(I,1)-G(I)*CF(I,2)+S(I)*CF(I,3)
        G(I)=DUM*CF(I,2)+G(I)*CF(I,1)
...

First, the HOM mode is driven by the X,Y offset 
of the bunch:

        DPX(ICAVP(I))=G(I)*CF(I,4)
 134    DPY(ICAVP(I))=G(I)*CF(I,5)
...
       PX(NP,I+1)=TM(NP,I,3)*X(NP,I)+TM(NP,I,4)*PX(NP,I)+DPX(I)
...
       PY(NP,I+1)=TM(NP,I,7)*Y(NP,I)+TM(NP,I,8)*PY(NP,I)+DPY(I)

Next, the HOM delivers a momentum kick to the 
bunch:

δP
x

the CF(i,1-5) terms are 
precalculated and don't change

K.Beard CASA Seminar 25 July 2004
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TDBBU simulations

-0.03385

-0.03410

X
displacement

[cm]

0 8E6Nbunch 

Stable

100.0

-100.0

Y
displacement

[cm]
Unstable

8



K.Beard  PAC 2003, 7 May 2003
Operated by the Southeastern Universities Research Association for the U.S. Depart. Of Energy

 Thomas Jefferson National Accelerator 
Facility

Minor upgrades...(& another advertisement)

C - main

kwrap_storecommand

KWRAPF_IN

KWRAPF_GETARG

FORTRAN - legacy

 Command line string �tdbbu 0.0 evolved 

�into tdbbu 1.6h...

�

automatic hunt for threshold current
automatic estimate
for current and runtime
duty cycle option
choice of DIMAD or standard units
ported to nearly any UNIX
much better documented and 

organized
KWRAP  command line interface

http://casa.jlab.org/internal/code_library/casa_lib/KWRAP/DOC/

K.Beard CASA Seminar 25 July 2004
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feature creep & documentation

0.0: 1 file,
       4 routines
 1211 lines

1.6h:35 files
         25 routines
    6857 lines
          3 notes

K.Beard CASA Seminar 25 July 2004
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$> tdbbu --help
 tdbbu 1.6h2f2  22aug2003, G.Kraft, B.Yunn, L.Merminga, K.Beard, TJNAF
  
  Looks at transverse beam displacement due to HOMs in a recirculating linac
  
 form:
 $> tdbbu {option [value]} {option [value]} ... { <input } { >output }
 -h  --help               - print brief list of options & quit [default]
 +h  ++help               - print longer list of options & quit [default]
 -V  --version            - print version info & quit
 -v  --verbose            - print informational messages
     --DIMAD              - specify recirculation matrix as DIMAD (m-radian) units  
     --STANDARD           - specify recirculation matrix as STANDARD (cm-MeV/c) units  
 -i  --input        FILE  - input file [-]
 -op --outplot      BASE  - log and plot files basename (->BASE.tdlog,BASE.X,BASE.Y,BASE.gp)
 -a  --auto               - create plot and log filenames from input filename
 -j  --current      VALUE - set beam current (mA*subharmonic#)
 -J  --avgcurrent   VALUE - set average beam current (mA)
 -G  --Guestimate         - guess at beam current and runtime
 +G  ++Guestimate         - only guess at beam current and runtime and exit
 +S  ++Seek               - seek thresholds automatically
     --examples           - print some examples
  
  also see: http://casa.jlab.org/internal/code_library/code_library.shtml

onboard (brief) --help (32 options total in long ++help)

K.Beard CASA Seminar 25 July 2004
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What do I need to change for lasing? (requirements)

A difficult lesson for programmers to learn is to separate requirements 
from preferences.

must have:
δP/P -  the laser adds a momentum spread ~ few %

δT  -  the momentum spread, via M
56

, shows up as a path length,

          and hence, time, difference

 

->  the decay of the HOMs can no longer be considered a constant

K.Beard CASA Seminar 25 July 2004
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relative size of clock step, M
56

 contribution

K.Beard CASA Seminar 25 July 2004

clock period

worst HOM period

M
56  from DIM

AD
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like to have:
T -   absolute time of arrival could become important; the order of
        bunches reaching a given point may depend now on δT

-  more uniform handling of matricies (go to 6x6 everywhere?)

-  δP/P at cavities due to δT in arrival time

===> make the bunches independent of the elements!
advantages:
   only propagate bunches with non-zero charge

disadvantages:
     lots of bookkeeping

(preferences)

K.Beard CASA Seminar 25 July 2004

"In matters of principle, stand like a rock; 
in matters of taste, swim with the current." 
-- Thomas Jefferson
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there is more to being a bunch now

sequence# - sequential creation id# 1-  1019

id#            - location within ring 0 - 1999[1]

step#         - step in path around 0- 10000

X   - X position [cm]
PX  - Px momentum [MeV/c]
Y   - position [cm]
PY  - Py momentum [MeV/c]
Q   - fractional charge [-]
To  - creation time [uS]
T   - current nominal time [uS]
dT  - time offset [uS]
dPP - momentum offset dP/P [-]

was there

added

[1] parameter BUNCHSPACE=(MELM-1)

K.Beard CASA Seminar 25 July 2004
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T
clk

T
clk

+1

T
clk

+2

T
clk

+3

T
clk

+4

T
clk

+5

bunches travel as far as possible before the next clock cycle

L=2.8 clk L=2.1 clk

0 0

L=1.5 clk

wait if T
next

>T
clk

+1

K.Beard CASA Seminar 25 July 2004



K.Beard  PAC 2003, 7 May 2003
Operated by the Southeastern Universities Research Association for the U.S. Depart. Of Energy

 Thomas Jefferson National Accelerator 
Facility

HOM

HOMs may see multiple bunches...

record passage of all 
bunches, but wait until 
the end of the clock 
cycle -  then update all 
chronologically

K.Beard CASA Seminar 25 July 2004
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Some other changes...

The recirculation transfer matrix (RTM) now must deal with 
δP/P too -  use DIMAD to calculate RTM for various δP/P 
(-6%, -5%, ..., +6%) and have TDBBU read DIMAD output 
(--MF pass# matrix# file).

The M
56

 terms that give δS= f(δP/P)  come out of DIMAD 

output too -  so it is input from the command line as a 
polynomial:
(--M56 pass#:matrix#:0th:1st:2nd:3rd...).  TDBBU 
then finds the time shift δT= δS/(βc).

The accelerating cavities are really drifts with ∆E≠ 0, so the 
phase for the nominal beam on each pass must be set in the input 
file.

K.Beard CASA Seminar 25 July 2004
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DIMAD - advertisement

file:/group/casa/FEL/beard/dimad/CURRENT/DOC/index.html

M:\casa\FEL\beard\dimad\CURRENT\DOC\index.html

K.Beard CASA Seminar 25 July 2004
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DIMAD -  continued

splitcf generated documentation on 
all 257 routines, 31863 lines

41 page hyperlinked user's guide

K.Beard CASA Seminar 25 July 2004
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tdbbu 3.0

56 routines
11666  lines
41 options

TDBBU routine

STEPK that 
replaces STEP0

K.Beard CASA Seminar 25 July 2004



K.Beard  PAC 2003, 7 May 2003
Operated by the Southeastern Universities Research Association for the U.S. Depart. Of Energy

 Thomas Jefferson National Accelerator 
Facility

        CF(NCAV,1) = D * COS(FI)
        CF(NCAV,2) = D * SIN(FI)
        CF(NCAV,3) = CURR * 1.0E-9 * PI * FI * DTA(I,4) * DTA(I,2)/VLT
        CF(NCAV,4) = 0.0
        CF(NCAV,5) = 1.0
        CF(NCAV,4) = COS(RPD*DTA(I,5))
        CF(NCAV,5) = SIN(RPD*DTA(I,5))
        CF(NCAV,6) = DTA(I,6)

parameter( CF_realDecayPerStep= 1 )  !exp(-w*Tstep/(2*Q)) * cos(w*Tstep)  {decay/Tstep}++
parameter( CF_imagDecayPerStep= 2 )  !exp(-w*Tstep/(2*Q)) * sin(w*Tstep)  {decay/Tstep}++
parameter( CF_drive=            3 )  !J * TT * w*Tstep * w * (R/Q)     ##
parameter( CF_cos_orientation=  4 )  !cos(orientation)                 ##
parameter( CF_sin_orientation=  5 )  !sin(orientation)                 ##
parameter( CF_offset=           6 )  !offset                           ##

                                           ++=recalculated later  ##=fixed

0.0:

3.0

typical internal documentation

The evil that men do lives after them; 
The good is oft interred with their bones; 
               Anthony and Cleopatra, Act 3, Scene 2

K.Beard CASA Seminar 25 July 2004
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typical external documentation

SRC/propagate_bunch.f ]
    [ tdbbu_defs.par ] [ tdbbu_generic.par ] [ tdbbu_bunch.par ] [ tdbbu_bunch.cmn ] [ tdbbu_path.cmn ] [ tdbbu_1by8.par ] [ tdbbu_1by16.par ] [ tdbbu_io.par ] 

SUBROUTINE PROPAGATE_BUNCH( ID, TNOW, TNEXT ) 
INTEGER*4 ID - !(input) bunch ID# 
REAL*8 TNOW -  !(output) time of bunch after this step 
REAL*8 TNEXT - !(output) the time of bunch after next step 

*
*  Propagate bunch#id one element - update Tnow and Tnext.
*  6/04 KBB
*

called by: STEPK 

calls: BUNCH_INFO , HOM_OPERATE , TDBBU_EXT_RTM , 
RTM_OPERATE , TDBBU_EXT_TM , TM_OPERATE , 
ESTIMATE_T_NEXTSTEP , TDBBU_LOGBUNCH 

K.Beard CASA Seminar 25 July 2004
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$> tdbbu +-DIMAD -T -.076611 --M56 1:1:0.227047:-1.70756:-52.6831 \
   -C cavmat -G -fi 10 -i fast.in +L 0.03 -op fast03 -v -J 1000 +S

just a simple command line...

expect DIMAD units
adjust recirculation delay [uS]

δS as a polynomial in (δP/P) [m]

special cavity description file
make estimate of threshold & runtime

dump every 10 clock cycles
input file

lasing %
output filename

verbose messages

starting J
avg

 [mA]

seek threshold

K.Beard CASA Seminar 25 July 2004
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comparison of the TDBBU 1.6h and 3.0

-i L.in
tdbbu 1.6h: 1.37- 1.43 mA

tdbbu 3.0: 1.2 - 1.25 mA

K.Beard CASA Seminar 25 July 2004
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1TITLE 10kW IR FEL 145 MeV, March 2004 3CMs [0,7,0] cells 
 DATA 
 APRTR    100000.   2.0 
 REF      0.        1500.     1500.00   700.00    500.0     0.0 
 BEAM     10.0      2994.0    20.0      0.0       1.0       0.0 
 XPRNT    2.0       203.0     1.0 
 YPRNT    2.0       203.0     1.0 
#CMPNT      4400.0   0.0       0.0       0.0       0.0       0.0 
>DRIFT  1.100.0     0.0 
1DRIFT  1. 53.41    0.0 
1CECAV  1. 0.0      0.0 
1DRIFT  1. 5.       0.0 
1CECAV  1. 0.0      0.0
...
...
1DRIFT  1. 46.06    0.0 
1CECAV  1. 0.0      0.0 
1CAVITY    28.80    5210000.  2114.156  90.0
1CAVITY    28.80    5210000.  2114.156  .0 
1DRIFT  1. 5.       0.0 
1CECAV  1. 0.0      0.0 
1CAVITY    29.90    2490000.  2104.201  90.0 
1CAVITY    29.90    2490000.  2104.201  .0
1CAVITY    28.80    2880000.  2115.384  90.0 
1CAVITY    28.80    2880000.  2115.384  .0 
1CAVITY    05.20    11900000. 2123.873  90.0 
1CAVITY    05.20    11900000. 2123.873  .0
1DRIFT  1. 46.06    0.0 
1CECAV  1. 0.0      0.0 
...
...

C.Tennant's input file for the 10kW FEL, based on recent measurements

QHOM= 1.19E+7!

$> tdbbu -+DIMAD -i ct1.in -C cavmat +G
tdbbuk: estimate J[mA]=   0.60306E+02  T[uS]=   0.17835E+05
tdbbuk: estimate avgJ[mA]=   0.30153E+01  T[uS]=   0.17835E+05

simple formula 3.0 mA
tdbbu 1.6h:  1.8 - 3.6 mA
tdbbu 3.0g12: 2.1 - 3.0 mA
matbbu 2.4i5g3: 2.9 mA
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What happens when we turn the laser ON?

Very,Very Preliminary Results!
Note: the proper input file describing the whole 10kW FEL, including the back leg is 
not yet ready, so an approximate file based on Chris Tennant's, but with all QHOMs 
scaled down 100X was used...

 dX   
RMS

 dCLK

short answer: growth time decreases, noise increases,
threshold changes little

time

X
0%

1%

3%

K.Beard CASA Seminar 25 July 2004
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What's next?

- finish the proper 10kW input deck
- improve speed
- add skew quads
   ==> implement 6x6 matrix everywhere consistently?

- treat HOMs orientation a little more realistically...
- improve input routines and format
-  add variable clock size
-  how to detect & correct when an HOM update may be late...

K.Beard CASA Seminar 25 July 2004

Thus spake the master programmer:

        "A well-written program is its own heaven; 
a poorly-written program is its own hell."
                -- Geoffrey James, "The Tao of Programming"
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Conclusion

K.Beard CASA Seminar 25 July 2004

If the QHOMs are low (∼105), lasing doesn't change 
the threshold much in the 10kW FEL

If the QHOM is ~ 107 ????

Stay tuned...

Do adventures never end?
                  -Bilbo Baggins, the Hobbit
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add

remove

unused

ring buffer
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MATBBU basic concept

Convert the problem into frequency space; assume a steady 
state solution and solve for the eigenvalues of the matrix that 
operates on the HOM states.
[ J.J. Bisognano and  R.L. Glickstern , Proc. Of 1987 Particle Accelerator Conf., 1078 (1987)]

�sweep frequencies and look  for  eigenvalues

�eigenvalues on the posit ive real axis correspond to 
thresholds

� CPU t ime ~ N
HOMs

3.6

� Very su itable for  h igh Q states

9
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Equations

[J.J. Bisognano and R.L.Gluckstern, 1987 PAC Proc. 1078 (1987)]
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Equations cont.

assume steady state solution: U
p
(n ,M) = e

i Ω M τ
 V

p
(n )

and M large, can average over all passes:  V(n)= Σ
p
  V

p
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and so V(n)
 
= I  �  function of all V(m)

since G has only the 2,2 component, Di, the x component of V(i)
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Eigenvalue equation

[J.J. Bisognano and R.L.Gluckstern, 1987 PAC Proc. 1078 (1987)]
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matbbu eigenvalues with C.Tennant's input file
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2.9 mA

matbbu results with C.Tennant's input file


