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Abstract

The condruction of the future high energy dectron colliders have very important
consderations given to the R& D of superconducting dectron linacs. For that purpose, in the frame
of wide internationa collaboration the TESLA Test Facility is being condructed a DESY,
Hamburg.

A paticular problem is the generation of paraditic RF fidds (wakefields) caused by beam
bunches passing through RF accderating cavities and dl cavity-like objects in the beam line. These
induced fidds give rise to various beam ingtabilities which degrade the phase volume of the beam at
the interaction point of the collider. This report will verify of the magnitude of these wake fields.

| GENERAL CONSIDERATIONS

The feashility study of TESLA 500 GeV (CM) eectron-postron linear collider was
undertaken in 1990 [1]. The solution of an accelerating system is based up on superconducting RF
structures operating in the L band at the 1.3 GHz fundamenta frequency. The basic parameters of
single accelerating cavity and parameters of eectron beam to be accelerated are summarised in the
Table 1.

Table 1. RF cavity parameters/electron beam parameters

Cavity:
Frequency 1300 MHz
Number of cellsin one cavity 9
Accderding fidd 30 MV/m
Cavity length (including end beam tubes) 1.276 m
Iris diameter between cells 0.07m
HOM loss factor -longitudina 8.5 V/pC(for s =1 mm)

-transverse 18 V/pCim

Beam:
Bunch length s =1 mm, 0.5 mm
Bunch charge 8nC
Energy spread 0.2%
Macropulse length 800 msec
Number of bunches in macropulse 800
Macropulse repetition rate 10 Hz




The experimenta set-up a TTF (TESLA Test Facility)[2] conssted of 32 9-optimized RF
cdl niobium cavities [3] desgned and condructed a DESY, Hamburg. It dso included dl
necessary RF supply and cryogenic systems, RF-type eectron gun and control sysems. TTF will
enable the verification and modification of both design parameters and cost estimates before the
decison on congruction of collider istaken.

The main characterigicsof TTF are given in the Table 2.

Table2
Number of cryomodules 4
Number of RF cavitiesin 1 cryomodule 8
Number of interconnecting flexible bellows 9 per cryomodule
Bath temperature 2K

Throughout al the steps of TESLA project progress, the generation of wakefields and related higher
order modes (HOM) damping and/or absorption is given particular atention [3,4]. The resonant
accderating cavities are designed s0 as to obtain the lowest (R/Q) of HOM even at the cost of
lowering (R/Q) of the fundamenta acceerating mode. All interconnecting flexible beam tubes
(bellows) are designed to be as smooth as possible.

The shape of the cavity and of joining bellows which were used here for wakefied
cdculationsare givenin Fig.1 and Fg. 12.

Il DEFINITIONS

A charged particle passing any cavity-like accelerator component generates el ectromagnetic
wakefidds. These wakefields interact, in turn, with following particles which leads to variation of
their longitudina momentum. If exciting particle pass off the axis, ds0 the transverse deflections are
excited.

The longitudind delta-wake potential W/, is defined in the terms of energy loss of witness
charge Q which follows the exciting point charge q with the same speed a the distance s

DU = Qqw’ (s).1 [1]

It can adso be obtained by integration of the work of excited field over the witness charge dong the
whole structure[5]

1 X
Wi, = -momzlzz(z,t_(u )/ bc).2 [2]



The dimengions of W, is[V/Coul].

A transverse-kick obtained by the witness charge Q is given by

D.(9)= LI (570 70).3 3

where\Wf', 4isthe transverse delta-wake potential and T Sisthe radia off-set of g and Q.
The /', 6which isatransverse plane vector is defined by

\/Y/"A(s,r“q To) = %(‘Hz[ ET+(\7XI§)A](t:(z-s)/ bc),7 [4]

where ET and B 8are the fields excited by charge g a atime t = (z9)/l3c. For rdativistic case 13
cl

Deta-wake potentials are caused by the geometry of the accelerator. Knowing the charge
digtribution dlows a convenient  caculation of the longitudinad wake (given by EQ. 5) a the position
s behind the bunch head

Wi (9 = éc‘) (s- S (SS9 5]

where ? isabunch charge digtribution.

The longitudind loss factor, or energy-loss per particle of single bunch, isthen

ki = %%dsl QWL (9 .10 [6]

For a Gaussian bunch with an rmslength s

ki(s) = Ods exp(-/ 2s2)W, (ss ) .11 [7]

1
\2p s?

Similarly, the transverse loss factor for a transverse (dipole) mode is defined as Rc/Q?
multiplied by the total transverse momentum given to the bunch by its own wake



c

kA=Q2

ods W ()l (s) ,12 [8]

where W (9 = %dis'l (s- SOWCA (s .13 [9]

Hereagain k. and W, (S) 14are functions of bunch charge distribution and structure geometry.
Il METHODS OF CALCULATION

The wake potentids, related energy loss factor, and transverse loss-factor  are the figures-
of-merit in the design of a high-energy high-intensity accelerator. Efforts are made to minimize these
factors for modes whose frequencies are higher than the fundamenta in accderating cavities and to
minimize for al modes e sewhere dong the beam line.

The wake potentials and loss factors are cdculated in terms of structure norma-modesin
the frequency domain or by direct numericd solution of integrad Maxwell equations in the time
domain.

The frequency domain method is based on an identification of al resonant modes of the
structure with their ? and (R/Q) vaues. The point charge loss factor ki, of mode nis|[6]

w, &R0

The delta-wake potentias are then

¥
o)

V\FL = akoncoqwont )16
[11] n=

¥ Kin>C
W= a—

S niw,t )17 [12]
witht = (z9)/l3c.

Since the mode fields are orthogond, the mode loss factors may be summed up giving the
total loss factor. Since the computations are limited to resonant modes, apart ismissng for losses
above the cut-off frequency of the beam pipe. Estimating these losses is made andyticaly using the
"optical resonator model" [7] leading to ~s % asymptotic dependence of loss factor, or using the
Lawson diffraction model [8], this dependence scales as ~s™2. The ~s™2 behaviour is prevaent
for sngle cdl cavities, whereas for infinite periodic structures the loss factor sclesas~s 22 [9].

Using the time domain methods, the Maxwdl's equations are first written in the integrd form
and are replaced by a finite difference set of equations using the HIT agorithm [10,11,12]. Time



domain codes TBCI[13], ABCI[14] and DBCI[15] cdculate directly the bunch wake-potentids
and loss factors for any Structure.

IV RESULTS
V.1 Lossfactorsvs number of cdls.

The caculations of longitudind and transverse wakes and |oss- parameters were performed
using ABCI code (verson No 8.2 updated in 1994).
The wakes and loss factors were computed for s =1 mm and 0.5 mm for a Gaussan relaivigic
bunch passing through a RF TESLA cavity.
The geometry of the cavity shown in Fig. 1 was taken from actua design drawing No 993-
2214/0.000. The dependence of loss-factors on the number of cells in the cavity is summarized in
Table 3.

Table 3. The loss-factors as a function of number of cells and cell separation for the TESLA 1.3
GHz structure. The vaues were computed for sgma= 1 mm of Gaussian bunch.

Number of cells cdl separation [cm] monopole lossfactor | transverseloss factor
[V/IpC] [V/pC/m]
1 - 1.558 3511
2 0.0 2.870 6.344
2 4.0 2917 6.488
2 6.0 2.935 6.539
2 8.0 2.951 6.581
2 12.0 2.977 6.650
2 22.0 3.025 6.776
2 40.0 3.081 6.873
2 52.0 3.103 6.911
2 80.0 3.124 6.965
3 0.0 4.073 8.880
4 0.0 5.222 11.25
5 0.0 6.347 13.510
7 0.0 8.608 17.87




o* 0.0 10.620 21.99

g** 0.0 11.05 20.6

*)End cells non compensated; **) end cells compensated

Figs. 2 and 3 depict the change of loss factorg/cdl taken from this Table. Neither the summation of
loss factors is dlowed in an array of strongly coupled cells nor scaling Karay » ket On found in the
literature [16].

The parameter of interest is a digtribution of deposited energy as a function of frequency. Since
the ABCI code is equipped with FFT functions the longitudind coupling impedance can be
obtained, enabling thus the evaduation of above digtribution. This requires the tracking of wake fields
for a rdativey long time (~ distance s behind the bunch head). The frequency spectrum of
longitudina loss factor and integra of loss factor vs frequency were computed for single cdll and 9-
cdl cavity. The results, which are illugtrated in Figs. 47 show that the total longitudina loss-factor
reduction vs number of cdls is mainly due to HOM loss factor reduction. The k per cel of
fundamental mode is reduced by ~2.3%, while the total k /cdl reduction is more than 24% when
compared from one cell to 9-cdll cavity.

The end cell compensation is aso clearly seen in Figs2 and 3 (both loss factors are
ubgtantialy changed).

V.2 Wake potential for s =1 mm and s = 0.5 mm Gaussan bunch in 9-cell cavity
The computed longitudina monopole wakes areillustrated in Fig. 8 for s =1 mmand in Fg.

9for s = 0.5 mm. Transverse dipole wakes are given in Figs. 10 and 11.
The loss factors are given in Table 4 as afunction of bunch length.

Table 4. Loss parameters of 9-cdll cavity

2 7.63 25.31
1 11.05 20.60
0.5 15.58 12.96

The longitudinal monopole loss factor of HOM in 9-cdll cavity is8.97 V/pC for s =1 mm

and 13.52 V/pC for s =0.5mm.



V.3 Wake potentialsin TESLA flexible bellows

The outline of bellow foreseen to connect the beam tubes of RF cavities in one cryomodule
isshown in Fig. 12. The geometrica dimensions taken to computations correspond to Design Draw
No 393 4419/B.

The monopole wakes excited by s =1 mm and s = 0.5 mm bunches areillustrated in Figs.
13 -14 and transverse dipole wakes in Figs.15 - 16.

The loss factors of the bdlow are summarized in Table 5.

Table 5. Loss parameters of TESLA bellow

s bunch (mm) KL monop.(V/pC) K dipote (V/pC/m)
2 0.81 3.04
1 1.29 2.36
05 1.96 1.77

V CONCLUSIONS

The obtained results are to be treated as a verification of the desgn vaues for loss
parameters. They were obtained using ABCI code version 8.2.

The runs were made on SUN-Sparc 10 (TESLAHB) and on CONVEX C-3210 machines
to compare the execution time and accuracy. The CPU times in al cases were Smilar to within 2%,
but the red execution time on CONVEX is up to 10 times longer with large vaues of UBT
parameter (the distance behind the bunch front to which the wake in cavity is computed). For the
case of UBT =1 mthetypica CPU timefor s = 0.5 mmisaround 70 h.

Efforts are being made to trace the wake-fieds over prolonged time following the passage of
the bunch through studied structures. At the \dlues of UBT exceeding 1.5 m the computationa
ingtabilities start to occur (erratic behaviour of W (s) on Fig. 17) which have to be identified and
solved.

The frequency digtributions of longitudinal loss factors vs frequency will be given under the
Separate cover (in preparation).
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Fig.1 The outline of 9-cell TESLA RF cavity geometry. The dimensions
for the computations were taken from Design Draw. 9-93-2214/0.0000
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Fig.2 Longitudind loss factor dependence on the number of cdls.
Gaussan Sig= 1mm bunchin TESLA RF cavity geometry.
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Fig.3 Transverse (dipole) loss factor as a function of the number of cells.
Gaussian Sig=1 mm bunch in TESLA RF geometry.
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Fig.4 Frequency spectrum of longitudinal loss factor. Sig=1 Gaussian
bunch in TESLA 9-cell non-compensated RF cavity geometry.
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Fig.5. Integrated longitudinal loss factor as a function of frequency.
Sig=1 mm bunch in 9-cell non-compensated RF cavity.
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Fig.6. Frequency spectrum of K long. of single TESLA cell.
Sig =1 mm bunch.
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Fig.7. Integrated longitudinal loss factor for single TESLA RF cell.

Sig = 1mm.
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Fig.8. Longitudinal monopole wake in 9-cell TESLA cavity for Sig=1mm.
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Fig.9. Longitudinal monopole wake in 9-cell TESLA cauvity.
Sig = 0.5 mm bunch.
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Fig.10. Transverse dipole wake in TESLA 9-cell cavity.
Sig = 1 mm Gaussian bunch.
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Fig.11. Transverse dipole wake in TESLA 9-cell cavity for Sig=0.5mm.
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Fig.12. The TESLA intercavity flexible bellow geometry
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Fig.13. Longitudinal monopole wake in TESLA bellow for Sig=1mm.
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Fig.14. Longitudinal monopole wake in TESLA bellow for Sig=0.5mm.
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Fig.15. Transverse dipole wake in TESLA bellow for Sig=1mm.
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Fig.16. Transverse dipole wake in TESLA bellow for Sig=0.5mm.
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Fig.17. The behaviour of longitudinal monopole wake as a function of
distance behind the bunch front.
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