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Abstract

Linear accelerators are the central components of the proposed
next generation of linear colliders. They need to provide acceler-
ation of up to 750 GeV per beam while maintaining very small
normalized emittances. Standard simulation programs, mainly
developed for storage rings, do not meet the specific require-
mentsfor high energy linear accelerators. We present anew pro-
gram LIAR ("LInear Accelerator Research code”) that includes
wakefield effects, a 4D coupled beam description, specific op-
timization algorithms and other advanced features. Its modular
structure allows to use and to extend it easily for different pur-
poses. We present examples of simulationsfor SLC and NLC.

TheLIAR project

The computer program LIAR is a numerical simulation and
tracking program for linear colliders. The LIAR project was
started at SLAC in August 1995 in order to provide acomputing
and simulation tool that specifically adresses the needs of high
energy linear colliders. LIAR is designed to be used for a vari-
ety of different linear accelerators. It has been applied for and
checked against the existing Stanford Linear Collider (SLC) as
well asthelinacs of the proposed Next Linear Collider (NLC). It
isanticipated that LIAR will be applied to abroad range of prob-
lemsfor the various linear collidersthat are studied at thistime.
Interested accelerator physicistsfrom all laboratories are invited
tojointhe LIAR project and both to use the program and to con-
tribute new features. In this paper we point out some concepts
and highlights of the program. A complete description isfound
in [1]. The physics concepts are described there in detail.

Compiler and computer requirements

The LIAR codeis mainly written in standard FORTRAN 77. It,
however, takes advantage of the STRUCTURE and RECORD
extensionsthat are availablein most FORTRAN compilers. The
codeis stand-alone apart from afew system calls (random num-
ber generator, time) that might need to be adjusted to the actual
computer system. No specific libraries are required for the com-
pilation. The present LIAR version 1.4 is compiled and run un-
der AIX 3.2 on IBM workstations. Porting to other UNIX plat-
formsis astraight forward process, aslong as FORTRAN com-
pilersareavailablethat support the STRUCTURE and RECORD
extensions. Porting to non-UNIX platforms might require minor
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changes to the file handling. The computer should be powerful
enough to handle large blocks of memory (~64 MByte).

Internal data structures

Theinternal data structures are designed in such away that easy
data access is guaranteed. An INCLUDE statement like

I NCLUDE 'l attice.inc’

will give accessto all beamlineinformation, including names, s-
locations, magnetic fields, Rf phases, gradients, misalignments,
Twiss parameters, beam offsets, emittances and many more
quantities.

Let's consider an easy example. The beamlineisdefinedin a
structure ELEMENT that has pointersto the BPM structure. The
following loop would print the vertical emittance at the BPM’s
for the whole beam and the first bunch:

DO I = 1, NUM ELEMENT
| F (ELEMENT(i).1S_BPM THEN
i bpm = ELEMENT(i) . PO NTER
VRl TE( out | un, *)
BPM i bpm) . YEM TALL,
2 BPM i bpm) . YEM T(1)
ENDI F
END DO

Theemittanceinformation at the BPM’sisupdated automatically
during each tracking. Ancther hypothetical example isto mis-
align all quadrupoles vertically by 1% of the vertical beta func-
tion:

=

DO | =1, NUM ELEMENT
| F (ELEMENT(i).1S QUAD) THEN
i quad = ELEMENT(i). PO NTER
QUAD(i quad) . DY =
1 0.01 * TWSS(i).BETAY
ENDI F
END DO

During the next tracking the new quadrupole misalignmentswill
be used. Those examplesillustrate how easy it isto access and
mani pulate the internal beamline information without a detailed
understanding of other parts of the program. Complete reference
information about the internal data structure can befoundin[1].

TheLIAR command language

The goal to make LIAR easily extendable required a modular
structure of the different parts of the program. It should be pos-
sibleto add subroutines (commandsin the LIAR language) with-
out major modification to other parts of the program. Subroutine



parameters are therefore passed through a command language.
The main program knows only the name of a subroutine and
passes the control with whatever parameters have been defined.
It isthe task of the subroutine to process and use the parameters
properly. When the LIAR program is started without command
line parameters then it enters an interactive mode:
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and commands can be entered. Alternatively LIAR canberun
in batch mode, reading its input from afile. Let's consider the
example of asimple SLC simulation. We go through it in steps,
explaining the purpose of every part. For most commands many
more parameters than shown are available. However, if parame-
tersare not specified explicitely, then they are set to their default
values. Command lines are automatically continued if an input
line is ended with a comma.

In thefirst two commandswe initialize all internal data struc-
turesto zero, we switch off the debug level and we set the output
unit to the standard outpuit:

RESET, all
SET_CONTROL, debug
out | un

Oy
6

Then we read the lattice from a transport input deck and define
the injection energy:

infile
ener gy

READ_TRNS, "input/slc.trns’,

1.19

In the next step the Rf-phases for BNS damping are defined and
the lattice is rescaled accordingly. Note that two different Rf-
phases are specified along the linac with the switch at 800 m:

SET_RF, energy = 50.,
scal e = .t.,
phasel = 22.,
I switchl = 800.,
phase2 = -16.5

Next we calculate the Twiss parameters, specifying the initial
values:

CALC TW SS, bet ax = 3. 40,
bet ay = 3. 08,
al phax = 0. 156,
al phay = 0.066

After that we need to define the initial conditions for the beam
setup. Wedefineaninitial beam offset y, theinjection energy and
energy spread, the normalized emittances and the Twiss values:

SET_INITIAL, vy = 200.d-6
ener gy = 1.19,
espread = 0.014,
nemit x = 3.0d-5,
nemty = 0. 3d-5,
bet ax = 3. 40,
bet ay = 3.08,
al phax = 0. 156d0,
al phay = 0. 066d0

Everything is prepared now to set-up the beam. We specify the
bunch population, the bunch length, the number of bunches, the
number of slices per bunch, the number of mono-energetic beam
ellipses per dlice and the bunch spacing:

SET_BEAM current = 4.d10,
bl ength = 1100. d- 6,
nb =1,
ns = 20,
nm = 3,
bspace = 0.

Next we haveto definethe wakefields. They areread in from de-
sign specific input files. We only define short-range wakefiel ds:

SET_SR W, file = "input/srwf_slc.dat’

Before we track the beam through the lattice, we misalign all
guadrupoles vertically by 200 um rms:

1 %1

ERROR_GAUSS QUAD, ,
200. e-6

nane
y_sigma

Now we can finally track the beam through the lattice:
TRACK
and measure the normalized beam offsets at the BPM's:

MEAS BPM file
norm

"out put.data’,
.t

The output issaved into afile. Asaready mentioned many more
parameters and commands are available in LIAR. For example
the command TRACKC would have tracked the beam through
the lattice while applying a 1-to-1 trajectory correction. The
complete reference information is available in the LIAR man-
ual [1]. During the execution of the commands LIAR provides
extensive information. For example the progress of the tracking
isindicated by a‘trackometer’:

TRACKOMETER:

At the end of the tracking, summary information is printed to
the standard outpult:

End of tracking ANALYSI S:
Beam ener gy
- accel eration: EO
- spread: Es
- rel. spread
Beam bl ow up
- Enmittance (bl): g_x
(av): g_x
(train): g_x

1.190 GeV  -->
.016 Gev -->
1.322 % >

45.998 GeV
. 126 GeV
L274 %

41.680 % g
41.680 % g
41.680 % g

205. 158 %
205. 158 %
205.158 %

|
<<«
oo



- Lunmin. factor: R x = 91.1 % Ry = 86.2 %

- BMAG nismatch: BMAGX = 1.016 BMAGY = 1.368
Initial beam size:

- Horizontal: S x = 275.8 um Sx = 65.2 urad

- Vertical: Sy = 87.5 um Sy = 24.2 urad
Final beam size:

- Horizontal: S x = 135.911 um Sx = 3.856 urad

- Vertical: Sy = 50. 695 um Sy = 1.420 urad
Jitter offsets wt reference 1 for bunch 0:

- Horizontal : J_x = .43 um Jx = .67 urad

- Vertical: Jy = 10. 48 um Jy = .63 urad
Beam trajectory (ideal)

- average: X av = 12.26 um Y_av = 16.96 um

- RVB: X_sig = 193.92 um Y sig = 188.15 um
Beam traj ectory (BPM readings)

- average: X av = 16.79 um Y av = 16.82 um

- RVB: X_sig = 192.62 um Y_sig = 224.57 um
Final beta functions

- from beam B_x = 26.67 m By = 59.39 m

- from TWSS: Bx = 2213 m By = 27.25m
Final al pha functions

- from beam A x = 7744 Ay = -1.992

- from TWSS: A X = . 7051 Ay = -.700
Final geom enittance

- initial value: E x = 1.29E-08 rad*m Ey = 1.29E-09 rad*m

- wt centroid: E x = 4.72E-10 rad*m Ey = 1.02E-10 rad*m

- wt axis: E x = 2.42E-09 rad*m Ey = 3.66E-10 rad*m
Final norm enittance

- initial value: E x = 3.00E-05 rad*m Ey = 3.00E-06 rad*m

- wt centroid: E x = 4.25E-05 rad*m Ey = 9.15E-06 rad*m

- wt axis: E x = 2.18E-04 rad*m Ey = 3.30E-05 rad*m

The data from this summary output is explained in [1]. We
just mention afew of the summary results: emittance growth in
the linac, lattice mismatch, Rmstrajectory offsets, beam energy,
.... Inaddition most of the results are saved at every BPM loca-
tion. They can be printed out into files, for example in order to
study the emittance growth along thelinac. Anexampleisshown
in Fig. 1, where the beam energy spread is shown as a function
of longitudinal position s for both the SLC and the NLC. This
example demonstrates the advantage, if different linear colliders
are smulated with the same computer program. Results can be
compared immediately, allowing new insights in the underlying
beam dynamics.
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Figure 1. Anexample of SLC and NLC simulationswith LIAR.
The beam energy spread is shown as a function of the longi-
tudinal position s for both SLC and NLC. SLC is about a fac-
tor of three shorter than NLC. The variation in energy spread is
induced with the Rf phases in order to achieve BNS damping.
Sincetherequired BNS energy spread is ameasure of the wake-
field strength, it becomes evident that wakefields are about afac-
tor of three weaker in NLC than they arein SLC. However, tol-
erances are tighter in NL C because of the smaller injected emit-
tance.

The application on SLC alows particularly to ‘calibrate’ the
simulation results against the experiencein areal linear collider.

LIARresultsfrom SLC and NLC simulationsarepresentedin[2,
3, 4].

Limitations

The LIAR program is presently limited to linear accelerators
without bending magnets. It is assumed that the longitudinal
charge distribution remains unchanged. This is perfectly valid
for linear accelerators. However, bunch compressors can not be
simulated. For example, LIAR is now aso used for the mod-
elling and simulation of the SLAC Linac Coherent Light Source
(LCLS) [5]. Bunch compressorsareanimportant part of thispro-
posal. Further we have not yet implemented sextupoles or any
matching abilitiesinto LIAR.

Future plans

The correct treatment of bending magnets will be implemented
into LIAR in the near future. Thiswill alow to include bunch
compressors into the simulation. We further plan to implement
automized dispersion-free steering algorithmsinto the program.
However, those are just two examples of future additions. There
are many more useful extensions of LIAR. We invite all inter-
ested accelerator physiciststo join the LIAR project and to con-
tribute their experience and knowledge.
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