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Abstract 10~°As and lengthy 1mm down to 25@m. We also con-

In the bunch compressing sections of the Tesla Test Facﬁ':der the case of half charge and half compressed length,

ity Free Electron Laser[1] (TTF FEL), short bunches trave?“:Inn?hz]isrir?;ze;;Cl;zs:(t)‘ns of a maanetic chicane. the
on trajectories with small bending radii. Thus, coherent J y ; gnetl ! '

L . - - _radiation emitted by the tail of a bunch of lengthmay
synchrotron radiation (CSR) will play a significant role in . :
b)éam dynamics. The(enerz;y IosF,)s gf thegbunch will Varovertake the head if the path length exceedotlestaking

_ 2\ 1 ;
longitudinally as well as transversally across the bunch a angggé <Oj ;) (tgkRe ) j;.accéoilgetcr':li\éeczggdslzgp tt:: $Egix_|[%:
will induce an emittance growth. The occuring transvers P P '

forces, especially the so-called “Talman force” ([3]) and it (631”;1!: 'Z;ygf"t:ﬁgy nf; :e?.ltimfhwaﬁhsls grf]éhfaz:]doir:f ect
effects on emittance have been treated before analytica[()](eglo'nu.t dinal fiel dg inside gtJhe. benu ds,, t0 reach a st)z(ag q
for some specialized arrangements ([2, 4]). gitudi ! NSl y

. ; L state over the full length of the bend, and beam dynamics
The emittance growth will affect the projective as well. ; . ; .
n the chicane will be influenced by transient effects.

as the slice emittance (i.e., the emittance of sub—ensembie . . . A
( Srhe self-field of the bunch will cause emittance dilution

of particles with equal longitudinal position). The com- .
P g g P ) by two effects: (1) Transversal forces will cause angular

puter simulation cod@raFiC 4 calculates the fields in the kicks on the particles, causing emittance growth by their
bunch from first principles, thus taking ine@count radia- onlinear dependencé an (2) Longitudinal fields will

tive as well as space charge effects, which are inseparalglguse energy changes, which lead to emittance growth in
on curved trajectories. In addition to dealing with Iongi—the dispersive sections.’

tudinal dynamics [5], this code has now been extended to
handle the transversal dynamics of the bunch. We use it to
study the behavior of the fields across the beam and there-2 THE SIMULATION CODE TraFiC 4
sulting slice and projective emittance growth. We study its

dependence on bunch parameters such as charge and sﬁéﬁEiC4 stands for Track and Field of Continuous
and investigate possible cures by shielding. Charges inCartesianCoordinates”. It calculates the ef-

fects of space charge forces and coherent synchrotron radi-
ation on bunches of moving charges on curved trajectories.
1 INTRODUCTION It calculates from first principles the fields acting on the

For the operation of an Self Amplified Spontaneous Emidearticles as they travel along on the beamline. Retardation
sion Free Electron Laser (SASE FEL), beam quality i§ff€Cts are handled correctly by the code.
crucial. As the SASE FEL process will involve particles To determine the retarded fields, the history of the beam
within the longitudinal extension of the so-callslippage has to be stored, and for reasons of manageability, Carte-
length which is about 0m in the TTF FEL case, thelice  Sian coordinates are used to do that.
emittance(the transversal emittance of particles within a Modelling bunches by clouds of point particles doesn't
longitudinal slice of a particular length of about the slip-work for the class of problemfraFiC4 is intended for.
page length) as opposed to thmjective emittancdthe Instead, small overlapping one- or two-dimensional con-
summed-up emittance of the whole bunch) is the quantitjnuous Gaussian sub-bunches are used to model the bunch
of interest to judge beam quality. for the purpose of field calculation. The bunch causing the
Inthe TESLA/FEL project, a bunch compression systerfields will be called the “generating bunch” in the sequel.
consisting of two magnetic chicanes operating at different To calculate the effects of the fields, however, point par-
energies will be used to reach the high peak current neticles may be used. They are tracked under the influence of
essary to operate an FEL. In this paper, we will considehe fields generated by the generating bunch. This bunch
Bunch Compressor I, which will operate at an energy obf point particles will be called the “sampling bunch”. It
~130 MeV and consists of four bending magnets with sigis used to calculate such things as transversal emittance
nature[+/ — L — [+], each having a bending angle §f  growth and distortion of optical parameters. The ability
and a projected length 6f5m. They are separated by drift to handle transversal effects is a major improvement over
spaces of length = 0.5m andZ = 1.3m. Bunch Com- the code’s predecessM/AKE , which calculated the pro-
pressor Il has been designed to compress a bunch of chajgetive centroid emittance [5].
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For applying the resulting kicks to the sampling bunchloses much of its efficiency for the case of shorter bunch
the beamline is divided into slices. The positidrthe di- lengths. For th&50u.m case, however, the energy spread is
rection of motior"and the relativistic factoy are used to reduced by a factor af 2.
describe the particle state. At each slice, the forces result-

ing from the retarded fields are calculated and the particles Transversal Energy Spread
are advanced according to the prescription 000045 = e i InC. no shidding
0.0004 - 250pm, 1nC, 8mm shielding .
ﬁ [N B 125um, .5nC, no shielding i
F=ed=—= 4= ]} (1) 0.00035 - 125um, 5nC, Smmshidding
mﬁz’y’ m’ 0.0003 | ~  Bending Magnet J
whereF = e(E + 8¢ x B). The resulting change ofis ~ § 290 7
taken into account in the tracking procedure, so the cod®  0.0002
could also be applied to the non-ultrarelativistic regime. 0.00015
The slices’ lengths have to be chosen to be significantly 0.0001
smaller than the overtaking length in the respective beam- 5605
line section. o k
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For our emittance growth calculations, we start out witlFigure 1: Induced transversal rms energy spreads for dif-
a generating bunch populated with gaussian sub-bunchesent parameter sets

smeared in the direction. To avoid singularities, we also
smear them in the direction perpendicular to the plane of As the particles lose or gain energy in the dispersive sec-
motion, though this has shown to have only small influencgon, their emittance changes due to dispersion mismatch.

on the outcome of the calculations. To account for bunchigure 2 shows the emittance growth along the beamline.
widening and narrowing, we also use multiple layers of

sub-bunches transversally. This, too, has proven to have lit- Transversa| Normalized Emlttance
tle effect for our class of problems. In general, sub-bunches S—— 250um, InC, roshielding |
of the generating bunch are distributed equidistantly par- 45 —— 250um, InC, 8mm shielding  / .
allel the base axes of the correlation matrix given by the ar o o g%i"g%”jng
Twiss parameters. 35+ ~  Bending Magnet . 1
The sampling bunch consists of point particles sprea 3 :
at randomaccording to the itial Twiss parameters, but g 25+ 1
having equal andd = S parameters. 5 2 e — 1
Their planar distribution gets distorted as travelling® 15|
through the chicane, but their final longitudinal distribu- 1 S i
tion is < 10pm rms, and thus their statistical normalized 05 - i
emittance remains a useful quantity. 0 ‘ ‘ ‘ ‘
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Beamline Position [m]

4 RESULTS

This setup was used for different set of bunch parameterSigure 2: Normalized transversal statistical slice emittance
We used the case of 1nC bunch charge andub@inal for different parameter sets
length and 0.5nC charge and 128 final length.

Both cases were calculated both W|th and without shield- Note that the dispersion is not subtracted from the coor-
ing. Shielding is considered ifraFic 4 by enclosing the dinates, so the emittance growth in the dispersive section
plane of motion between two infinitely extended conductis spurious. In the case of purely linear transformations,
ing plates parallel to the plane of motion. The fields oft is spurious and vanishes as soon as the dispersive re-
the images charges (and their image charges, up to a cgien is left. In our case, however, ardependent transver-
tain limit) of the physical charges are added up to give thsal energy spread is induced in the dispersive regions, and
resulting fields. the emittance growths and reductions fail to compensate.

In Bunch Compressor Il at TTF, there is the possibility toThe main contribution stems from the 3rd bending magnet,
run at either 8mm or 20mm vacuum chamber height. Th&here the energy spread grows significantly.
latter case was taken to be the shielding-free case in ourStarting from a normalized emittance bfmm - mrad,
calculations, which is a good approximation for the bunckhe predicted growth rates are

lengths used. Emittance Growth|| 250um | 125:m
Figure 1 shows the resulting transversal energy spread§ shielded 8mm 37% 275%
induced in the central slice of the bunch. The shielding unshielded 64% 446%
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which seems to favor clearly ti#0,m case. However, Transversal Normalized Emittance

the emittance growths can be influenced and possibly im- 81— 250um, 1nC, no shielding
proved significantly by the choice of a set of appropriate L7r T +11% ngffcgteefr il
initial Twiss parameters. Especially, the shielded 425 161 . BendingMagnet 1

case is not too far away in terms of induced energy spread. 1%
from the unshielded 250n case, but gives a much larger ¢ 14
emittance growth. The possibility of finding an optimized £ 13

optics setup for this situation is currently being investi-—= 1.2 8
gated. “ 11 1

TraFiC4 can output the final transversal phase space 1 : S
which then can be used as an input for other codes sim- 09 f 1
ulating the downstream behavior of the bunch. Prelimi- 0.8 : : : :

0 05 1 15 2 25 3 35 4 45

nary calculations with the FEL simulation coG&ENESIS Beamline Position [m]

showed that the beam quality in the 250 case would be
sufficient for SASE FEL operation, even if unshielded
Simulations were also carried out for slices outside 0?
the center of the bunch. Figures 3 and 4 show transversa
energy spreads and slice emittances for two slices initially

+1 rms bunch length away from the center (26B01nC  pytions both longitudinally and transversally are not Gaus-

case)._ AS_ _COUId be expected, the tail-heat_j interaction le_agi%\n. TraFic 4 accepts arbitrary phase space distributions
to a significantly smaller energy spread in the back slicgq jnh ¢ 5o future calculations will use results from nu-

while increasing it for the front slice. Emittance growthqrica| simulations of the upstream beamline section. In-
for both cases, however, is smaller than for the center slicte. . 4 . .
egratingTraFiC ™ into an overall computer simulation of

The mechanisms leading to this behavior have to be inveﬁ{e TTF beamline is a part of tHERACK effort, a collab-

igure 4: Normalized transversal statistical slice emittance
f different longitudinal positions

tigated. . . . . .
9 oration of working groups at Technische UniveasiDarm-
stadt and DESY.
0.0003 Trgnsyersa! Enqu Spread The factor currently limiting the usefulness BfaFiC 4
,,,,,,,,,,, 250um, 1nG, noshielding -+ is, of course, CPU time demand, most of which is related
0.00025 - +10 off-center 1 to the field calculation. As the optimization of Twiss pa-
- Bending Magnet ' rameters for low emittance growth will require a multitude
0.0002 7 | of TraFiC 4 runs, further efforts therefore will concentrate
b‘§ 0.00015 | | on efficiency improvement.
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5 CONCLUSION AND FUTURE
PROSPECTS

We have used the numerical simulation cddaFiC 4 to
calculate collective effects in bunch compressors for differ-
ent set of parameters.

The results show that the beam quality to leaached
with the design parameters for Bunch Compressor Il at the
TESLA Test Facility is sufficient for SASE FEL operation.

For the simulations demonstrated here, some simplify-
ing assumptions were made. In reality, the charge distri-

1s. Reiche, private communication
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