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Abstract Quantity Units | Value
Energy B GeV 30.0
Long. Emittance €, keVmm | 25.0

Integration of an X-Ray Free Electron Laser facility is
planned in the TESLA design for a futurée Linear Col-
lider. In the present scheme, the FEL drive beam is trans- || Charge Q nC 1.0
ported to a central user facility in a several km long beam- || Bunchlength 0. (rms)| pm 0.0
line. In this paper we present how the longitudinal wake- ||_Peak current peak kA 2.4
field effect for short bunches in combination with a special
beamline magnetic lattice can be used to obtain compres-
sion down to an rms-bunch length in the range of a few { Random distribution in the long. phase space
pm. Peak current of more than 50 kA would enable the

X-Ray FEL facility to generate photon wave lengths in the e Wakefields ( resistive tube & LINAC))
sub-Angstrom regime.

Following points are considered:

e Compaction factor in the compressor modules

1 DESIGN OF THE TRANSFER LINE e Space charge effects.

In the current design for a futufieeraElectron VoltSuper
ConductingLinear Accelerator (TESLA) the drive beam 2 COMPRESSOR MODULES

for the X-Ray FEL is compressed to a bunch length of\ special beamline magnetic lattice, 240 m long, with a

0. =25um and accelerated in the LINAC to energies ofciosed dispersion trajectory and a tuneable positive mo-
Ey =15 to 50 GeV. After 3 km the beam is kicked intomentum compactiorof a,, = 1-310~% is used to compress

a 12km long transfer line and transported to the centrghe bunch. One module consists of three dipoles (bend-

user facility, close to the high energy physics laboratoriesadius = 1.2 km, length = 5, 10,5 m) and FODO-cell struc-
An intensive study of wakefields, excited in resistive bearfre By =20m, 22.5m).

pipes and in the TESLA acceleration modules, opens up the
possibility to start with an initial bunch length of snand 3 WAKEFIELDS
end with rms-values of 2m. In the design proposed here
the bunch compression takes place over several stages Wisthe present scheme the longitudinal correlation between
ing the longitudinal properties of the wakefields in combi€nergy and position inside the bunch is generated by the
nation with compressor modules situated along the bear@lectromagnetic fields co-travelling with the bunch.
line. The stages can be decomposed as follows:
3.1 Resistive Wall Wakefields
e Pre-compression: using the LINAC wakefields

(0, = 50m—5 jum) Wakefields induced in a cylindrically tube of finite con-

ductivity are well understood. Analytical solutions for the
e Over-compression: interchange of the tail and the delta wake potential in the ultra-relativistic limit, up to any
head of the buncho{ =5 yum—8 um) multipole ordef, have been derived in [1, 2, 3]. It has
been shown that the short range wakefields can be decom-
o Compensation: energy correlation from the LINAC Posed in a high frequendy:, = v/3/(o) strongly damped
wakefields is eliminated by the resistive wall wake{ca» = 1/¢o) oscillator and an additional diffusion term.

fields ¢, =5um) The characteristic lengtfy will be given by
op2 \ /3
e Correlation: rebuilding of an energy correlation us- o = 7 Q)
ing again the resistive wall wakefields.( =5 ym) whereb denotes the radius, the conductivity of the wall

] ] ) ] material andZ, =120x the impedance of vacuum. For a
e Final Compression: using energy correlation of the gtzinjess steel tubey =1.410°Q'm~! and a radius of
previous stageo, =5 pum—2 pum)

1Definition of o, is given byAL/L = a.AE/E whereL denotes
In order to simulate the various stages a 1-dimensionéik length of the module anfi the energy of the particles.

; ; . 2In the following only the monopole term is considered. The higher
numerical code has been written. The initial beam parame-, f > 0) inherent by the fractior(r-/b)2" wherer denotes the

ters are given in the following table : transverse off-set of the beam from the center of the pipe. They can be
neglected forf < b).
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b = 5 cm the characteristic lengthds = 211um. For two
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effective bunch length at the wall and the retarded effect of
the 'radiated’ electromagnetic fields produced by the im-
age current modify the delta wake potential for very short
distance§¢| < b/v, wherey denotes the Lorentz factor.

The longitudinal delta wake potential per unit length as a ,
function of¢ is shown in Fig.1. 3.2 Wakefields of the TESLA Module
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Figure 2: Wake potential for Gaussian charge distr.

~ O prr ] The longitudinal wakefields for one TESLA module,
é B E 10.4m long, consisting of 8 cavities has been calculated
O{ i \‘ b=5em ] [4]. The results are shown in Fig.3 together with the wake
> Tt %0 = “4<*EE gom> ] produced by the 8th cavity normalized to one module. It
I o (E. = 30 Cev) 1 can be seen that both wake potentials can be used for a pre-
< L | ] compression of the bunch coming from the LINAC. The
= " E ] latter, being more linear over the bunch, would lead to a
: \ ] better performance. Since the wakefields for several mod-
-12 E 9 ules are not yet available the average wake potential (solid
Cqa BN ] curve) is used for numerical simulations. We expect that
P the LINAC-wakefields of 250 modules (3 km) will look
0 10 20 30 40 50 more like the wake of the 8th cavity (dashed curve). This
¢/ (wm) would increase the efficiency of the compressor scheme by
Figure 1: Delta wake potential 30%. .
, , 5 Fal head
For distances in the ran@éy < ¢ < (o the shortrange < *
wakefields act purely capacitive and the forces are indepen- < 0r 1
dent of¢. The wake potential for a charge distribution with >
. . . ——-100 | b
a rms-bunch length, in the above range will be given by = i
integration of the charge longitudinally. In the special case _ie0 | ) 1
of a Gaussian charge distribution the longitudinal wake po- i
tential will be approximately given by the error-function 500 & ! ¢.=50um b
(See Fng) [ o , charge distr: 1
The energy correlation produced by the bunchdue tothe 50 AR N e ngzg%,
resistive wall wakefields is linear at the center of the bunch ! ! L

and obeys automatically the desired phase relation. This
behavior ofself-regulatedcorrelation can not be produced

200
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by an off-crest phase acceleration of the beam in a LINAC.
For very short bunch lengths an off-crest acceleration will

fail anyway since the amplitude of the generated wakefields
grows quadratically with the resonance frequency of the
cavities (¥ « f2.,), while the resulting compensation 4.1 Longitudinal Charge and Energy Distribution
will only be proportional to thef,.s (dE/dz X fres)-

Figure 3: Wake potential of one TESLA module

4 RESULTS

The nonlinearities of the wake potentials at the tails of
3The dc-model of conductivity has been used. In casépofs Tc the bunch reduFeS the emC|enCy of SL.jCh a method. The
where + denotes the relaxation time of the conduction electfen~  present simulation shows that approximately 50% of the
10715 s71) the frequency-dependent Ohm's law has to be used. Fdnitial charge can be compressed to extremely small values
ourer parameter set it can be neglected. ; ; et
4The anomalous skin effect has not been taken into account. The f%f I.ess tfhahn 4im Sh(];)Whn ”; Flgr.]4.(a).hThe .e”e.rgy Cé)lStrl d
sumption is justified for materials of poor conductivity if the penetration- ution of the C_Ore of the Lfnc_ IS S QW” in Fig.4( ) an
reflects essentially the longitudinal emittance of the initial

depthd = \/2¢c/wcZooo at the cut-off frequencw. = b/~c is much ] '
larger than the mean free-pdth= v;-7 of the conducting electrons. bunch. The two typical peaks at the edges of the energy dis-
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tribution are caused by the over-compression in the second- 20 [~ 1 © T 60
. . . . . . C | <<
stage. This stage is mainly used to increase the efficiencys 12 - (o) ] 3, L@ () ] -
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42 0 2/( 4) —20-10 OAEW/OW% tail-head effect may lead to a coupling between the coher-
/mm ¢ ent energy spread generated by the CSR and the transverse
CHARGE DISTR. ENERGY DISTR.

) o o (bending) plane coordinates through the chromatic transfer
Figure 4: Longitudinal charge distribution (&) and energyynction of the particular beamline. This effect is under
distribution (b) for 50% of the initial charg@o; the peak gy,dy and first estimations shows that this can be the lim-
current reacpcq =50 kA. iting effect for our scheme. It is in principle possible to

Finally the bunch in the longitudinal phase space at theancel this effect [6], but the final bunch length will be lim-
end of the transfer line is shown in Fig.5. The tails of thdted to values somewhat larger than shown above.

bunch have to be removed by collimation.
6 CONCLUSION
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We have presented how the longitudinal wakefield effect
can be used to obtain bunch lengths belown2and peak
currents above 50 kA with an efficiency of 50%. The con-
cept of over-compression lead to a first order compensation
of bunch to bunch charge fluctuations and guarantee the
stability of the quasi-continuous compressor scheme up to
AQy ~ £10%.
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The presented values for the peak current are orders above
any existing and planned machine so that we expect addf!
tional limiting effects for the practical realization of such

a compression method. One of these is the coherent syn-
chrotron radiation (CSR)[5] generated in the bending sys-
tem of the compressor modules for a bunched beam. This
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