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Abstract count in the calculation of emittance increase for the case

. . ) of a bunch compressor in the TESLA Test Facility FEL [4].
If short bunches travel along trajectories with small bend- P y [4]

ing radii a simple geometrical condition permits strong lon-

gitudinal and radial wake fields to act: electromagneti%r
fields emitted by a particle can 'overtake’ on a shorte
straight trajectory and interact with particles ahead. Th

This approach [2] is not self-consistent: the wake fields
e calculated for a source distribution in pre-defined mo-
fion 7s,i(s) (s is length parameter of patli,is index of
gub—bunch). The source bunch has no transversal dimen-
gions (1D bunch) and does not change its longitudinal pro-

netic fie!ds along the bunch have strong gradients and fle (rigid bunch). Two- or three-dimensional bunches are

to 50um bunch length. . ) Our new formulation described in chapter two, takes
We present a formalism and numerical code to calcUnig accont:

late the resulting electromagnetic fields on a general trajei) 2D bunch distributions with longitudinal profile
tory. Shielding effects of the vacuum chamber have bee/{ks #) = A(s — vst) and profilen(3) in €. direction. &,

included. We present first results for the TTF-FEL unduig 5 constant unity vector that is essentially perpendicular
lator magnet and calculations of the influence of transitiogy, e plane of motion (the motion is not restricted to be

regjon_s (bunch entering and leaving a homogeneous Ma%actly in a plane!)s = = — 7(s) - &, describes the offset

netic field). to the central patti(s) in &, direction;

2) The 2D approach avoids the field singularities of the 1D
1 INTRODUCTION approach [2] and is therefore better capable of the simula-

In [1] it has been shown: tion of fully three dimensional source: distributions (using ,

1) The 'overtaking lengthL, = (240, R?)'/3 is a measure an aray qf 2D bunches). So called 'space charge forces

for the interaction length inside of a bending magnet (witR taken into account. _ o

the bending radiusz and the bunch length,). Usually 3) The new formulation is better suited for numerical inte-

the overtaking length is large comparedstobut not very ~ 9ration (even for 1D bunches). _

small compared to the dimensions of the configuration Chapter three describes the calculation of energy spread
(e.9.R). increase for the case of a single bending magnet and fol-
2) The longitudinal wake (per length) in the center of thaowing drift space for different bunch lengths and bending

_ 3/241/3 4/3 2/3) .« radii. In chapter four, first results for a micro-bunch enter-
bunch scales ) = 1 /(E(Qﬂ) 370 RYT ) This ing the TTF-FEL are presented.
leads e. g. to a wake in the order of 1 MV/m for an 1nC

bunch witho =0.1mm on a curvatur&=1m. 2 CALCULATION OF THE LORENTZ FORCE
Additionally in [2] it has been demonstrated:

3) Shielding by horizontal conducting plates in the dis-The action of the electromagnetic field caused by a source
tance h starts to be effective if the ’shielding length’ (indexs) to a charged test particle (ind€xis described by

L, = (02 +h?)/(20,) is of the same order as the 'overtak-theLorentz force equatian

ing length’. L, is the path length for the electromagnetic
field emitted by a particle and reflected from the wall to
reach the particle one sigma behind it. = .
4) The length of transient regions (e.g. bunch entering arldsing the scalar and vector potentidls = —VV; — A,
leaving a= homogeneous magnetic field) is of the ordeBs = V x A, this force can be split into two terms:

of L,. As the transient lengths may be comparable to 1 _ oo = ——

magnet lengths their effects have to be taken into accounEFt =V (”t A - VS) + (‘As = As (T - V)) - (2)
for beam dynamic simulations. An analytical formulation 1
for the longitudinal wake of 1D bunches in an arc has been -
derived in [3]. qt
5) The wake due to coherent synchrotron radiation The first term is a gradient field, the second term van-
(including transient effects) has been taken into adshes for bunches inlinear motion. As the space charge and

1 = - —
_Ft:ES"'{}’tXBs . (1)
ai

N 1 =
FAt _FBt
qt
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current density distributions are determined, the scalarand o

vector potentials can be directly obtained fromtiarded °;Zi [
potential equation For a two dimensional bunch with the oots |
densityA(s — vst)n(2) the scalar and vector potential inte- 002
grations lead to: ooy
4 = — - = g -0.035 -
LEFAt = / {Gl (5/)ny + GQ(SI)gz} (1 — Bt ﬁq) dS/, § -0.04 |
at @ 0045
(3) e -0.05
dre - B e N e
q—FBt = Bifs ({Gley + G2€z}'( P — 63)) Esds o0
t
85 -0.07 Rme:(I:lOOum — 1
/ S / -0.075 -
- Btﬁs/GB(S ) D5/ ds o008 ‘ L ‘ ‘ | R=10m;, 0=200m -
Magnet entry Magnaex‘:.ongltud\r%é?Posl&éZ\S[m] 225 25 275
N = /
+ (Bs — Br) / Ga(s')ésds (4) Figure 1: Longitudinal wake field at bunch center vs. lon-
ith gitudinal position.
wi
Gi(s) = / {A/R3+A/(COR2)} n(z)dz
Gals) = / VB 4 3/ (eol?)} 202z —
Gals) = [ N/ Ru(2)iz o ]
Ga(s) = | =M (coR) n(3)z - ]
o . . L. * oous | P J
andR = 7 — 7y(s') — 2€., Ry = R — (€. - R)R, e
gs = Bs€s = Us/co, Et = [i€y = vy /co, andX = \(s" + 0.0002 |- oo 1
For this derivation we used the chain rule with the 0 . t,.’.»' o T R?f;n'czjzoumz;s
boundary condition§7;(s = +o00)||~* = 0. The main ety M ongiuainat osiion m) sz

contribution to the longitudinal force is given by the inte-  Figure 2: Energy spread vs. longitudinal position.
gral (3). The lasttermin (4) vanishes if source and observer
particle have the same velocity. The first term vanishes
for particles in circular motion if source and observer aréhe consequent energy changes are applied at the end of
on the same orbit. The remaining part (proportional to theach slice.
curvature|| 9, /9s||) gives the so called 'centrifugal space Fig. 1 and 2 show the longitudinal wake field at the
charge force’. In the following calculations, all integralsbunch center and the resulting energy spread growth for
have been solved numerically without further restrictions.different bunch lengths and bending radii vs. longitudi-
nal position for a very simple set-up, comprising a bending
3 TRANSITIONS FOR LONGITUDINAL WAKES magnet of length .5m and a drift space of length 2.0m. It
AND ENERGY SPREAD GROWTH IN can be seen that there is no steady-state region for the larger
BENDING MAGNETS bending radius. The asymptotic behavior of the field past
) ) . the magnet’s exit is independent of the bunch'’s history and
The field calculation simulates the bunch as a set of gauszn pe shown to ba/(2mer), where) is the 1D charge

sian sub bunches—each with a different energy, diﬁere’&fensity and- is the distance from the magnet's exit.
initial conditiones and an individual path. The trajecto-

][iiglsdcsnf these sub-bunches are not effected by the calculateg FIRST CALCULATIONS OF AN UNDULATOR

An independent set of bunch slices, initially lined up, isThe longitudinal charge distribution of a bunch traversing
traced through the bending magnet and experiences the am- FEL undulator changes drastically due to the micro-
ergy variations due to the longitudinal fields. Due to théounching of the SASE process. In the TTF-FEL case, the
strong longitudinal variation of the fields, the slice cenincoming bunch has a homogeneous peak-shaped distribu-
troids follow different paths and a 'centroid emittance’ detion with an RMS-length of about %0n. Micro-bunching
velopes. along the undulator then produces a chain of micro-

For the tracking, the bending magnets and drift spacdminches with a periodicity of the wavelength (6.4nm). As
are cut into slices and the wake fields are calculated affigst results of undulator field calculations, we present here
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Figure 3: Longitudinal wake for a micro-bunch (3 nm
FWHM) in the TTF-FEL undulator for differenttransversepigure 5: Longitudina| wake for a micro-bunch (3 nm
offsets of the observation point vs. longitudinal position. FwHM) in the TTF-FEL undulator for different bunch po-
sitions within an undulator period in the steady state regime
256406 ‘ vs. longitudinal position.

2e+06

I Fig. 5 then varies the bunch position within an undu-
L5006 : /\ lator period in the steady state region, the bunch position
=1 \ expressed in degrees of that period. At the zero crossings
16106 ‘ (] (90 and 270 degrees), the strength of the focussing field has

A / | \ its maximum.
£ il \‘
500000 - b
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A new formalism for the calculation of wake fields act-
ing on bunches travelling on arbitrarily curved trajectories
-500000 .
-5e-08 -4e-08 -30:08 -26-08 -1e.08 makes the proper treatment of magnets possible where, un-
stm —> like in bending magnets, the particle trajectory is not a cir-
cle: undulators, quadrupoles etc.. First results for the case
of a micro-bunch in the TTF-FEL undulator are shown.

The longitudinal wake fields and the energy spread
growth in the transition regimes of a bending magnet
are calculated for different bunch lengths and magnet
calculations of the longitudinal wake of a microbunchStrengths. Itcan be seen that for bends whose length is con-
modeled as a gaussian distribution with a FWHM of 3.8iderably shorter than the bending radius no steady-state
nm, half the distance between micro-bunches. The undul29!Me region exists.
tor has a period length of 2.7cm and a field strength of 0.5
Tesla. Fig. 3 shows the longitudinal wake field for differ- 6 REFERENCES
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Figure 4: Longitudinal wake for a micro-bunch (3 nm
FWHM) in the TTF-FEL undulator for different numbers
of periods into the undulator vs. longitudinal position.
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