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Abstract In the TTF design, the effective accelerating gradient,
Ee#, within the cryomodule will be 17.8 MV/m only,

We present the layout of a cavity chain (superc hile the cavities will be operated at 25 MV/m. There are

structure) allowing a simplification in the RF system an o reasons for this: a small fill factor and an unflatness
thus significant cost reduction of the TESLA linear '

collider. The proposed scheme increases the fill factor anf the accelerating field. The fill factor, a ratio of the

makes an effective gradient of an accelerator higher. V\?‘CUVe cavity length to the totaavity length, has a low
value of 0.75 due to the oversized interconnections which

discuss the preliminary measurements on existing co
P Y 9 pp are at presentA®2 long. The former arguments: good

models of the TESLA Test Facility (TTF) accelerating fa\wty separation for the accelerating mode and a

structures and computations performed for the mo$
promising version of the layout. simplicity in the phase adjustment, can be hardly accepted

from the point of view of a future energy upgrade above
500 GeV or luminosity upgrade since they lead to 7 km of
1 INTRODUCTION passive length in both linacs and can be replaced with
The superstructure, shown in Fig. 1, made of four 7-cedther technical solutions.
standing wave cavities (sub-units) can be an alternative The unflatness of the accelerating field, a difference
layout to the present cavity arrangement in the TESLARetween maximum and minimum amplitude, within the
linear collider [1, 2]. The main difference between botd TF structure is usually ~ 10%. It causes ~5 % reduction
layouts is the cavity to cavity couplingsskoccurring in  Of Eer because the achievable gradient is often limited by
the superstructure due to enlarged diameter of intercie cell with maximum field. The amplitude error scales
nnections. It enables the transfer of RF power from cavityith N°. The TTF cavities with 9 cells are at the limit and
to cavity to feed 28 cells instead of 9 cells, as in théach mechanical, chemical or thermal treatment perturbs
current TTF design, with one fundamental mode (FMmthe field profile.
coupler. This reduces the number of couplers in theThe proposed superstructure increaseg Eince the
collider, simplifies the RF power distribution system andnterconnections are shorter and the field profile becomes
cryostats, and lowers the investment cost. In th&wore stable for a less number of cells in an individual
superstructure, similar to the TTF design, HOM couplergub-unit. Parameters of the proposed superstructure are
are attached to inter-connections and each sub-unit ligted in Table 1. The last row of the table shows for
equipped with a tuner. In this way, two major limitationghe operation at 25 MV/m. The.£value is computed
in number of cells fed by one FM coupler: the field
flatness and the HOM damping can be handled still at a Table 1. Parameters of the superstructure

sub-unit level. The synchronism between an ultrarela- Parameter
tivistic beam and the accelerating mode requires that the
shortest possible interconnection 2 long. When the radius of mid /end iris [mm] 35/5f
number ofcells in one sub-unit, N, is asdd numbethe i
10 mode ft cell-to-cell phase advance and 0 cavity-to- | fill factor 0.875
cavity phase advance) can be used for the acceleration. kec, cell-to-cell coupling 0.019
FM coupler HOMouplers kes, Cavity-to-cavity coupling 3.6-10°
/ 7\/2 7\/2 field instability factor, Rkee [10°] | 2.6
/ 2.0
tuner tuner tuner Epeatd Foce
cavny 1 cavity 2 ......... cawty 4 Hpear/ Eace [Ce/(MV/m) | 41.8
Fig. 1. Superstructure, four 7-cell cavities coupled by |Ees [MVim] 212
short interconnections.
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according to the bigger fill factor given in the third rowboth curves for cell No. 36 are shown in Fig. 3. The small
and corrected with the expected field unflatness. This @ifference comes mainly from the variation of the cell-to-
scaled from the value observed for the TTF cavitiegell coupling in the cavities. This is due to machining
proportional to the field instability factor given in theerrors in the iris region and causes that wieth mode
sixth row. The resulting & for the superstructures frequency of all sub-units is the same, frequencies of other

higher than E; of the TTF cavity by 19 %. modes differ from each other. The uncorrected differences
in frequency make the sub-units stay uncoupled for these
2 PRELIMINARY MEASUREMENTS modes and behave like separate cavities. Since in the
present cavity design there is no means to adjust the cell-

2.1 Field Profile to-cell coupling this phenomena was taken into account in

o N the energy gain computation discussed in the next section.
Four existing Cu models of 9-cell TTF cavities have

been used for preliminary RF measurements on the
superstructure. The length of beam tubes, the diameter of 3 ENERGY GAIN AND BUNCH-TO-
which is only 78 mm, was adjusted to get value equal BUNCH ENERGY SPREAD
to this from Table 1. Each of the four cavities has been : :
tuned individually for the flat field profile and the chgsenc;?gri oirsnﬁg Z;?J‘leei 'Qat:f OFfM7pr§§322”:f' aT Qﬁ]gﬁz"g\fﬁy
frquency of thered mode. After assembly, the field is split into a group of 4 modes. When the superstructure
profile of 10 mode for whole superstructure Wwasis \e|l tuned, (R/Q)s of these resonances are small, with
measured (Fig. 2). The unflatness of this field, obtainegl exceptiomf theacceleratingt0 mode Their Q values
after small correction of end cells, was less than 4 %.  _ 4 ihis beam impedances (R/Q)-Q, depend on how they
couple to the input line via FM coupler. For the energy
gain computation, which have been performed with help
of the HOMDYN code, Q values were set in the following
way. For the 16 modes with low stored energy in the end
|EZ]| cells, whose field pattern is sensitive to the uncorrected
[a.u.] differences in frequency, we choose Q of &dsimulate
no coupling to the input line (ho damping). For the other
modes the Q values were scaled from the Q of the
accelerating mode according to their field pattern in the
. . . ) superstructure. These W@lues are shown in Fig. Zhe
cavity1 cavity 2 cavity 3 caviv 4 energy gain was computed for the reference design
. i . operation of the TESLA collider [5] and for three higher
Fig. 2. Measured field profile in the pre-prototype of the | mingsity operation options proposed in [6]. The resuits
superstructure. are summarized in Table 2. The energy gain in stage-lI|
. is shown in Fig 5. In all four cases, bunch-to-bunch
2.2 Transient State energy spread is negligible (see the last row in the table).
The transient state of each cell from the chain has beéqditionally, for the reference dgsign, the influence of a
computed with help of HOMDYN code [3] to confirm charge fluctuation on the .ene.rggunha.sbeen co.mpgted.
reliability of the mathematical model. The computed N€ case where thituctuation is 5% is shown in Fig. 6.
curves, voltage vs. time, have been compared to thi€'e the energy spread is bigger, .almo§talr€d is of to
measured curves [4]. The agreement between the coffi€ Same order as for the TTF cavity
puted and the measured results was goo@nfexample,

1

100
1 g
S )
V36 Q
fa.u] W [1E6] 10
0 17 2]l\/lode Inde>%5 29
0 t[ps] 40 Fig. 4. Q values for modes loaded by input line via the

Fig. 3. Transient in cell No. 36: computed (bold Iine)!:'vI coupler: ¢) accelerating modeoXother modes.

measured (standard line).
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Table 2. Energy gain and bunch-to-bunch energy spreb©M couplers used at present already have this coupling
for the superstructure. characteristic providing the required Q values df1a@.

Ref. | Stage-| Stage-| Stage-
Design| | Il 11 5 FINAL REMARKS

# of Bunches /Train 113 1410 2820 4028

The number of couplers, tuners and LHe vessels for
Bunch Spacing [ns] 708 674 337 23p both layouts is given in Table 3.

I peam mAll 82| 95| 95| 95

Table 3. Changes in the RF system

Energy Gain [MeV] 825| 725 728 725% TTF Super-
design structure

Energy Spread [ %] 0.0043 0.0062 0.0069 0.0p55

Number of FM 19230 6181
couplers
72,456 Number of HOM 38460 24724
couplers
Number of tuners 19230 24724
and LHe vessels
En The proposed superstructure is not yet proven
[MeV] experimentally. In the near future, copper models of the
superstructure and HOM coupler will be ready. The RF
measurements on those models should help us to verify
the computation we have done up to now for the super-
72,450 structure made of four 7-cell cavities. However, with the

0 Bunch Index 4028 copper models we won't be able to prove finally the
numerical simulation of the bunch-to-bunch energy

Fig. 5. Computed energy gain for stage-lll. spread. For that a Nb prototype must be built and tested

815 with the beam.
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