How To Simulate Beam Breakup due to Higher Order Modes
In the Presence of Lasing

_Or_

Thaeand Badk Again, aTDBBU Tale

K.Beard, TINAF
June 25, 2004

* with apologiesto J.R. R Tolkien
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Basic HOM --> BBU idea
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Single Cavity, 1° order threshold current

- 2pcC
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|t -- threshold current |\/|12(r) - recirculation matrix back to
the same spot
HOM - at a fixed point and mode:
(R/Q) - shunt impedence t - recirculation time
m r
Qm - Q of the mode pr C - momentum upon return
km— wave number € - charge of electron
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Basic HOM --> BBU idea
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SUPERCONDUCTING CAVITY

HiOMs
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Applications at Jlab

12GeV CEBAF upgrade
100uA @12 GeV

cryomodules

20 existing
cryomodules

~ 2600 HOM s of interest

20 existing
cryomodules

add 5
cryomodules

10KW FEL upgrade
10mA @ 145 MeV

g o ey

i . il 2 gy gheopbrt = v A . . - 8 -
i 3 B gt '-'.5.:' e | £ 4
. b SR S LAY "!.*E{“ g -] A WL Ry
~ 200 HOM s of interest R
— efferson CLal T n— Thomas Jefferson National Accelerator I —————
FaC|||ty K.Beard PAC 2003, 7 May 2003 5
Operated by the Southeastern Universities Research Association for the U.S. Depart. Of Energy



CEBAF: design current (500UA) vs. HOM limit (~18mMA)
Nopradem..

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

]
K, owedocae..
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But how did we get that?

A straightforward solution is to use atracking code
and watch what happens... that isTDBBU

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

;:_r stable - = unstable
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Another way... MATBBU

If the problem is reduced to abig complex matrix, it's possible to
look for the eigenvalues, and positivereal eigenvalues correspond
to instabilities. That codeisclosely relatedto TDBBU and is
caled MATBBU. Itiseaser to useasthe HOM's Q get very
large, but | see no way yet to insert lasing into it right now...
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TDBBU- basic concept

Straightforward solution isto use atracking code -- written by
G.Krafft, taken up by B.Y unn, 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_/w_, so a good rule of thumb is to run it
10X longer.

CPU time ~ * Qlw

turn the current up and down to find instability
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The FEL isalaser, 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 isto always see it as a soap
bubble?

Pro:
A successful [software] tool is one that was used to do something

undreamed of by its author.
-- S. C. Johnson

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
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Why can reusang legacy codebedifficult?

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

Theidea that an arbitrary naive 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

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.
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TDBBU - as found, with little external
documentation

C A VECTORI ZED TWO DI MENSI ONAL BEAM BREAKUP SI MULATI ON CODE
C
C MULTI PASS BBU wi t h ENERGY RECOVERY - Updated for UNI COS at NERSC

C *** Recirculation matrix nowin DI MAD units (To use old inputs with

C the matrix in x-px units, delete 8 |ines specified in RECI RC segnent).
C *** THI CK LENS VERSI ON and accommmodates THI N LENSES (set L=0.0) too

C *** To acconodate energy recovery schenme, specify the PASS NUMBER at

© whi ch ENERGY RECOVERY starts by using the variable '| RECOV in aprtr.
c Al so, BUNCHI NG FREQUENCY shoul d be changed to TWO TI MES OF

C RF FREQUENCY to enabl e 180 degree phase slip fromaccel eration

© to deceleration in cavities.

C *** THRESHOLD CURRENT is CURR(mA) divided by | PDL(bunching subhar nonic)

- C *** KSTART= 1 START OUT BY FILLI NG MVACH NE WTH ONE BEAM I N STRUCTURE,

G A KRAFFT 17- MAY- 86

OO0
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then?

Ok, | began with my tool, spl i t cf , to examine the code...

"When the only tool you have is a hammer, you
$> splitcf -F TDBBU. F tend totreat everything asif it were a nail."
-- Abraham Mas|low

| | ne# type name
f 1/ 30 - 88/ 88 PROCGRAM " _main_ '
f 89/ 106 - 677/ 677 SUBROUTI NE " PRECAL"
f 678/ 683 - 1159/ 1159 SUBROUTI NE " STEPQO"
f 1160/ 1180 - 1210/ 1211 SUBROUTI NE " EMINCE"

Then, spl it cf can generate aweb page of documentation...
$> splitcf -F *.F +WbyO0.htm +ls +nc 5 -v

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

| | ne# type name
f 1/ 30 - 88/ 88 PROGRAM " main_
f QaQ/ 1NA _ R771 R77 QI IRPAITI NIF " DRECAI M
P~ p~
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splitcf'swebpageof TDBBU.F
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advertisement

There are debuggers, code profilers, and many optimization tools widely
available, but if you'rejust looking a a directory full of code with no or little
external documentation, where does one begin?

To that end, | wrote Splitcf, aprogram to help go through

C and FORTRAN 1V, 66, and 77 source code and help identify what's
there.

Splitcf reads through files and can
*Identify individual routines
*gplit up big files into many files containing one routine each
*scan routines for documentation and dependencies
*create a webpage
*create aMakefile
*and more...

http://casa.jlab.org/internal/code |ibrary/casa |ib/SPLI TCF DOC/
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another important tool (and another advertisement)

ensures the correct dependencies are met recompiling and

m ak = relinking; available nearly everywhere, keepstrack of how
to compile and link

$> make hel p
make -f Makefile.Linux help
make[ 1] : Entering directory "/ CASA/ erl/BEARD FEL/t dbbu/ 3. 0©

#

# make <conmmand>

#

# all - updat e everyt hing

# help - print this help

# show - print current value of required synbols and their definitions
# cl ean - delete all binaries for this platform

# di stcl ean - delete all binaries for all platforns

# 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 platforns
# archiveal | - create a conpressed tar backup of everything

# archive - create a conpressed tar backup for export

#

make[ 1] : Leaving directory "/ CASA/ erl/BEARD/ FEL/t dbbu/ 3. 0©
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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 astothe computer; the next poor slob trying
tounderstand it may be yoursef.

Detailed guidesto my personal programming philosophy and style:
http://casa.jlab.org/internal/code library/casa lib/KBB/DOC/bs.html

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

&::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
———— VECTCRI ZED TWD DI MENSI ONAL BUNCH PUSHI NG SUBROUTI NE

C ALSO PERFCRMS A PRELI M NARY LQOAD BASED ON THE VALUE OF KSTART

C AND A CAVITY AVPLI TUDE UPDATE AT EACH TI ME STEP

DO 10000 | T=I TS+1, | TS+l TFL

Cc ADD PARTI CLE TO FRONT END OF LI NAC

DO 9999 NP=NPASS, 1, -1
DO 9998 NMENWA, 1, -1

C
C DO TRANSFER MATRI X MULTI PLI CATI ON
C
X(1.1) = FX + XCFF X(NP, | TP+1) =RTM NP, NM 1) * X( NP, | TP) +RTM NP, NM 2) *PX( NP, | TP)
PX(1,1) = FPX + PXOFF / = . +RTM NP, NM 3) *Y( NP, | TP) +RTM NP, NM 4) * PY( NP, | TP)
;(v(lil)l) ::FZP; I°§$OFF e PX(NP, | TP+1) =RTM NP, NM 5) * X( NP, | TP) +RTM NP, NM 6) * PX( NP, | TP)
FI (1: 1) = FCUR(MOD( | T+l TSKL, | PDL) +1)= = +RTM NP, NM 7) *Y( NP, | TP) +RTM NP, NM 8) * PY( NP, | TP)
IF(1T. GT. | TOFF) FI (1,1) =0. 0 z Y(NP, | TP+1) =RTM NP, NM 9) * X( NP, | TP) +RTM NP, NM 10) * PX( NP, | TP)
+RTM NP, NM 11) * Y(NP, | TP) +RTM NP, NM 12) * PY(NP, | TP)
PY( NP, | TP+1) =RTM NP, NM 13) * X( NP, | TP) +RTM NP, NM 14) * PX( NP, | TP)
. +RTM NP, NM 15) * Y(NP, | TP) +RTM NP, NM 16) * PY(NP, | TP)
FI (NP, | TP+1) =FI (NP, | TP)
N c
\OCJ C I NNERMOST LOOP DCES THE PARTI CLE PUSH
C
() DO 121 1=I1TP-1, | TOP(NM1, NP) +1, - 1

X(NP, 1 +1) =TM NP, |, 1) *X(NP, 1) +TM NP, | , 2) * PX(NP, | )

PX(NP, | +1) =TMNP, | , 3) * X(NP, | ) +TM NP, | , 4) * PX(NP, I ) +DPX(1 )

Y(NP, 1 +1) =TM NP, |, 5) * Y(NP, 1 ) +TM NP, | , 6) * PY(NP, | )

o~ — o~ PY(NP, | +1) =TM NP, | , 7) *Y(NP, | ) +TM NP, I , 8) * PY(NP, I ) +DPY( 1)
121 FI (NP, | +1)=FI (NP, I)
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single element

L - physical length of element
DT - all are 1 clock cycle wide!

M - 2X2 matrix (onefor X, onefor Y)

P_ - momentum upon exit

Z pass
PV VY. V. V.
— 7 ) e .
| (\Cfaﬁ%w %[{4 ] Thomas Jefferson National Acceler ator ]
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marching the information in lock step...

1 2 3 4

B 4 I L L L
'\l\\\\\\\\i\\z\ .
o| (| el | | (@ | | |® ., ™
e AR
T .\@\ ol | | lof [}, ™
N @M@ | |e @‘@‘@To O\Q\L* T+3

Each element is exactly 1 clock-step wide!
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simple view of multipass linac

DN T

~| - fractional chargeqyp.1oro)
o Empty bunch X-X position

@ bunch passi2 Y-Y position

Py - Y momentum

Thomas Jefferson National Accelerator
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types of elements

DRIFT (possibly with DPt 0)

L ENS (thin - just a focal length with no length)

O LENS (thick - qu and length>0)

CAVITY (HOM) (R/ , Q, frequency, and
elther X or Y orientation, no length)

Thomas Jefferson National Accelerator I

Facility K.Beard CASA Seminar 25 July 2004
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More Elements

CECAYV (drift with externally specified MT)

MATRIX (4x4 matrix with delay)

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

Thomas Jefferson National Accelerator I
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How do the HOMs work?

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

132 S(1)=S(1)+FI(J,1CP)*(CF(1,4)*X(J, 1 CP)+CF(1,5)*Y(J, | CP)-CF(l,6))

DUMEF( 1)
F(1)=DUMFCF(1, 1)-G(1)*CF(1,2)+S(1)*CF(1, 3)
G(1)=DUM CF(1, 2)+G(1)*CF(1, 1)

i X theCF(1, 1-5) termsare
’ precalculated and don't change

dP Next, the HOM delivers amomentum kick to the
bunch:;

DPX(1 CAVP(1)) =G(1)*CF(I, 4)
134 DPY( | CAVP(1)) =G 1)*CF(I, 5)

PX(NP, | +1) =TM NP, I, 3) *X(NP, 1 ) +TM NP, | , 4) * PX( NP, I ) +DPX( 1)

PY(NP, | +1) =TM NP, | , 7) *Y(NP, 1 ) +TM NP, | , 8) * PY( NP, | ) +DPY( 1)

-] Thomas Jefferson National Accelerator |
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TDBBU simulations

-0.03385

Stable
[cm]

displacement

-0.03410
0 Nbunch SE6

100.0

Unstable
[cm]

displacement

-100.0
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Minor upgrades...(& another advertisement)

Command line string

t dbbu 0. 0 evolved

Se il intot dbbu 1. 6h...

@automatic hunt for threshold current
@automatic estimate

afor current and runtime

@duty cycle option

achoice of DIMAD or standard units
@ported to nearly any UNIX

@much better documented and
organized

@aK\V\RAP command line interface

http://casa.jlab.org/internal/code |ibrary/casa_|i b/ KWRAP/ DOC/
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feature creegp & documentation

0.0: 1file,

4 routines
1211 lines

1.6h:35files
25 routines

6857 lines

3 notes

-] Thomas Jefferson National Accelerator |
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onboard (bri€f) - -nel p (32 optionstotal in long ++hel p)

$> tdbbu --help

tdbbu 1.6h2f2 22aug2003, G Kraft, B.Yunn,

Looks at transverse beam di spl acenent

$> tdbbu {option [value]} {option [value]}

form
-h --help
+h ++hel p
-V --version
-v --verbose
- - DI MAD
- - STANDARD
- --input
-op --outplot
-a --auto
-j  --current
-J --avgcurrent

-G --Q@uestimte
+G ++Q@uestimte

+S ++Seek
- - exanpl es

FI LE
BASE

VALUE
VALUE

print brief |ist

print longer list of options & quit

L. Mer mi nga, K. Beard, TJNAF

due to HOVs in a recirculating |inac

{ <input } { >output }

of options & quit

print version info & quit
print informational nessages
specify recirculation matrix as DIMAD (mradian) units
specify recirculation matrix as STANDARD (cm MeV/c) units

input file [-]

[ defaul t]
[ defaul t]

|l og and plot files basenane (->BASE.tdl og, BASE. X, BASE. Y, BASE. gp)
create plot and log filenanes frominput filenane

set beam current

( mA* subhar nmoni c#)

set average beam current (nA)
guess at beam current and runtine

only guess at beam current

seek thresholds automatically
print some exanpl es

and runtine and exit

al so see: http://casa.jlab.org/internal/code library/code library.shtm

Operated by the Southeastern Universities Research Association for the U.S. Depart. Of Energy
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Wheat do | need to change for lasing? (requirements)

A diffiault lessonfor progjammastolearn istosgaraterequirements
frompreferences.

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

dT - the momentum spread, via M o5 shows up as a path length,

and hence, time, difference

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

e Thomas Jefferson National Accelerator
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relative size of clock step, M . contribution

*

clock period

-«

worst HOM period

-] Thomas Jefferson National Accelerator |
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(preferences)

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

- more uniform handling of matricies (go to 6x6 everywhere?)
- dP/P at cavitiesdueto dT in arrival time

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

disadvantages: "In matters of principle, stand like a rock;
lots of bookkeeping In matters of taste, swim with the current.”
-- Thomas Jefferson
Thomas Jefferson National Accelerator I
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there is more to being a bunch now

eX - X position [cn]

oPX - Px nonentum [ MeV/ c]

sY - position [cn was there
oPY - Py nonentum [ MeV/ c]

#Q - fractional charge [-]

#fo - creation tinme [uY ﬂ.ded
o - current nomnal tinme [uS]

odT - tinme offset [uS]

«dPP - monmentum of fset dP/ P [-]

sequencet - sequential creation | d# 1- 10"
fo:z: - location wwthin ring 0-1999"
step# - step in path around 0O- 10000

[1] parameter BUNCHSPACE=( MELM 1)

-] Thomas Jefferson National Accelerator |
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bunches travel asfar as possible befor e the next clock cycle

< L=28dk > <« L=21ck » = L=15ck —»
}\» > Tclk
0 0
¢ <> -
¥ X T, 11
O
E °e g T +2
)
I" O e ®0 Tc|k+3
@
= @O X o| T +4
@
> s e @ Tclk+5
watif T >T +1
next clk
Thomas Jefferson National Accelerator I

Operated by the Southeastern Universities Research Association for the U.S. Depart. Of Energy
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HOMs may see multiple bunches...

—_———————099 o
record passage of all
bunches, but wait until
the end of the clock
cycle - then update all
chronologically

—_— o
HOM

| Thomas Jefferson National Accelerator |
Facility K.Beard CASA Seminar 25 July 2004
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Some other changes...

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

The M - [ErmMS that give dS= f(dP/P) come out of DIMAD

output too - so it isinput from the command lineas a
polynomial:

(--MB6 pass#: matrix#: Oth:1st:2nd:3rd... ). TDBBU
then finds the time shift dT= dS/(bc).

The accelerating cavities are really driftswith DE? 0, so the
phase for the nominal beam on each pass must be set in the input
file.

Thomas Jefferson National Accelerator
Faci Iity K.Beard CASA Seminar 25 July 2004
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DIMAD - advertisement

file:/group/casal/ FEL/ beard/ di mad/ CURRENT/ DOC/ | ndex. ht m
M \ casa\ FEL\ bear d\ di mrad\ CURRENT\ DOC\ i ndex. ht

-] Thomas Jefferson National Accelerator |
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DIMAD - continued

41 page hyperlinked user's guide

splitcf generated documentation on
all 257 routines, 31863 lines

e Thomas Jefferson National Accelerator

Facility 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 STEPO

-] Thomas Jefferson National Accelerator |
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typical internal documentation

0.0:
CF(NCAV, 1) = D * COS(FI)
CF(NCAV, 2) = D * SIN(FI)
CF(NCAV, 3) =
CF(NCAV, 4) = 0.0
CF(NCAV, 5) = 1.0
CF(NCAV, 4) = COS(RPD*DTA(I, 5))
CF(NCAV, 5) = SI N( RPD*DTA(I, 5))
CF(NCAV, 6) = DTA(I, 6)

3.0

paraneter( CF_real DecayPer Step= 1

paraneter ( CF_i nagDecayPer St ep=

paraneter( CF_drive=
paraneter( CF_cos _orientation=
paranmeter( CF_sin_orientation=
paraneter( CF_offset=

2
3
4
5
6

)
)
)
)
)
)

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

CURR * 1.0E-9 * Pl * FI * DTA(l,4) * DTA(l,2)/VLT

lexp(-wTstep/ (2*Q) * c_os(w*Tstep) {decay/ Tst ep} ++
lexp(-wTstep/ (2*Q) * sin(wTstep) {decay/Tstep}++

'3 * TT * wTstep * w* (R Q #it
l'cos(orientation) #it
I'sin(orientation) #it
lof f set ##

++=recal cul ated | ater ##=fi xed

Thomas Jefferson National Accelerator I
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typical external documentation

SRC/propagate_bunch.f
[ tdbbu_defs.pdr[ tdbbu_generic.pgdr[ tdbbu_bunch.pdr[ tdbbu_bunch.cmh[ tdbbu_path.cmh[ tdbbu_1by8.pa}[ tdbbu_1by16.pal[ tdbbu_io.pat

SUBRQOUTI NE PROPAGATE BUNCH( | D, TNOW TNEXT )

| NTEGER*4 ID - !(input) bunch |D#

REAL*8 TNOW - !'(output) tinme of bunch after this step
REAL*8 TNEXT - !(output) the tine of bunch after next step

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

* ok % oF

called by: STEPK

calls: BUNCH_INFO, HOM_OPERATE, TDBBU_EXT _RTM,
RTM_OPERATE, TDBBU_EXT_TM, TM_OPERATE,
ESTIMATE_T_NEXTSTEPR, TDBBU_LOGBUNCH

Thomas Jefferson National Accelerator I
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just assmple command line...

expect DIMAD units

adjust recirculation delay [uS]
\ dSasa polyni)mi a in (dP/P) [m]

$> tdbbu +-DIMAD -T -.076611 --Mb6 1:1:0.227047:-1.70756:-52.6831 \
-C cavmat -G -f1 10 -i fast.in +L 0.03 -op fast03 -v -J 1000 +S

/ lasing % / T
output filename seek threshold

Input file
dump every 10 clock cycles
make estimate of threshold & runtime
special cavity description file |
verbose messages

Thomas Jefferson National Accelerator
Facility K.Beard CASA Seminar 25 July 2004
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comparison of the TDBBU 1.6h and 3.0

-1 L.In
tdbbu 1.6h: 1.37- 1.43 mA

tdbbu 3.0: 1.2- 1.25mA

-] Thomas Jefferson National Accelerator |
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C.Tennant's input file for the 10kW FEL, based on recent measurements

1ITITLE 10kWIR FEL 145 MeV, March 2004 3CMs [0,7,0] cells

DATA
APRTR
REF
BEAM
XPRNT
YPRNT
#CVPNT
>DRI FT
1DRI FT
1CECAV
1DRI FT
1CECAV

1DRI FT
1CECAV
1CAVI TY
1CAVI TY
1DRI FT
1CECAV
1CAVI TY
1CAVI TY
1CAVI TY
1CAVI TY
1CAVI TY
1CAVI TY
1DRI FT
1CECAV

e

[

e e N

100000.

0.

10.0

2.0

2.0
4400. 0

. 100.0

53.41
0.0
5.
0.0

46. 06
0.0

28. 80
28. 80

0.0

29.90
29.90
28. 80
28. 80
05. 20
05. 20
46. 06
0.0

2.0
1500.
2994. 0
203.0
203.0
0.0

Coo0o00o
ocoooo

0.0

0.0
5210000.
5210000.
0.0

0.0
2490000.
2490000.
2880000.
2880000.
11900000.
11900000.
0.0

0.0

1500.

20.0

1.0

1.0
0.0

2114.
2114.

2104.
2104.
2115.
2115.
2123.
2123.

$> tdbbu -+DIMAD -i ctl.in -C cavmat +G
t dbbuk:
t dbbuk:

00

156
156

201
201
384
384
873
873

700. 00 500. 0
0.0 1.0

simple formula 3.0 mA
tdbbu 1. 6h: 1.8- 3.6 mA
0.0 tdbbu 3. 0g12: 2.1 - 3.0 mA

? matbbu 2. 4i 5g3: 2.9 mA
0 Qo= L19E+7!

estimate J[mA] = 0.60306E+02 TJ[ 0. 17835E+05
estimate avgJ[ mA| = 0. 30153E+01 T[u§] = 0. 17835E+05

Thomas Jefferson National Accelerator I
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What happens when we turn the laser ON?

VayVay Prdirinary Resits

Note: the proper input file describing the whole 10kW FEL, including the back legis
not yet ready, so an approximate file based on Chris Tennant's, but with all QS

scaled down 100X was used...
short answer : growth time decreases, noise increases,

threshold changes little

dCLK X
; 0%
1%
time
———————————————————— Thomas Jefferson National Accelerator
Facility 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 HOM s orientation alittle more realistically...
- Improve input routines and format

Thus spake the master programmer:
"A well-written program isits own heaven;

a poorly-written program isits own hell."
-- Geoffrey James, "The Tao of Programming"

Thomas Jefferson National Accelerator
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Conclusion

If the QoS are low (~10°), lasing doesn't change
the threshold much in the 10kW FEL

If the Qo IS~ 107 27277

Stay tuned...

Do agventures neva end?
-Bilbo Baggins, the Hobbit

| Thomas Jefferson National Accelerator |
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ring buffer

unused

Thomas Jefferson National Accelerator I
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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 positive real axis correspond to
thresholds

CPU time ~ N

HOMs

Very suitable for high Q states

3.6

-] Thomas Jefferson National Accelerator |
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Equations

Up(n,M) - (x,p,) vector for Mth bunch at nth cavity on pth transversal

Tprn _ - transfer matrix on (x,p,) from mth to nth cavity on pthto rth transversal

Zn - (mode description) x (bunching period) G= (OO 01)
t - bunching period MO- number of bunches per recirculation
np - number oLpasses | - average beam current

- KW

n—

s, W [)=e® sin(kwt)

UmM)=T" U@-LM)+12Z T® X

-1

N, _M+(p-nNM -1
G 2.9 U (n-1,M+(p-M_-k) sk(wnt)

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

Thomas Jefferson National Accelerator I
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Equations cont.
- coheerfequeney

assume steady state solution: U mM)=e "M v (n)
p p

and M large, can average over all passes. V(n)= S, Vp(n) p
andsoV(n)=1 function of all V(m)

since G has only the 2,2 component, Di, the x component of V(i)
D= {SSS(T,), 4" "> Z WD, +

SS(™). zhwWD} |

i1712 |

Eigenvalue equation

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

Thomas Jefferson National Accelerator N
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matbbu eigenvalues with C.Tennant's input file

-] Thomas Jefferson National Accelerator |
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matbbu results with C.Tennant's input file

-] Thomas Jefferson National Accelerator |
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