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ABSTRACT single bunch crossings. In addition, a fast bunch-to-bunch feed-

This paper summarizes the present status of the studies f(t))ragk can be used to stabilise the orbit within one beam pulse,

; . . hich makes TESLA practically immune to mechanical vibra-
superconducting Linear Collider (TESLA) and for the approac\['ﬁons which could othgrwise IeZld to serious luminosity reduc-
using conventional S-band technology (SBLC).

tion via dilution of the spot size and separation of the beams
at the IP. Further benefits of the long pulse are the possibility
l.  INTRODUCTION to use a head-on collision scheme with large-aperture supercon-

. : . ucting quadrupoles in the interaction region and to employ a
During the past years, several High Energy Physics Lab% fety system which can “turn off” the beam within one pulse

ratories are performing design studies and technical devel§ i< indicated b h dql tes. Th
ments towards a next generation TeV-scale electron-posit (fase an emergency 1S indicated by enhanced loss rates. 1he

linear collider. An overview of the different approaches forré)ng pulse and high beam intensity need special designs for the

machine with an initial center-of-mass energy of 500 GeV a T1pmSgBrllI2:g and therﬁ)osnron sourc? asldl!scustse(:] bellow. i
a luminosity of abous x 1033cm=2s~1 is given in ref. [1]. In € approach uses conventional inac technology at a

the following, we discuss the linar collider design studies Whigﬁequengy of 3.GHZ' A wealth OT experience exists f.or.th|s Fech-
are coordinated at DESY, namely the TESLA and the SBLQ?'C.)gy' including the one tha|ned at the O”.'V existing Imegr
approaches. These studies are done in the framework of 8 tllder, t?? iLCt,hfrom dWh'fh the fStrI?LChdgagnf(f:an most d;'
international collaboration, with many institutes from 8 differ-ECy Profit. Another advantage ol this choice ot frequency, to

ent countries (China, Finnland, France, Germany, Italy, Polar?cless extent than for TESLA but still significant when compared

Russia, USA) participating in both the development of the a‘@'—'th the higher frequency designs, is the relatively low level of

. - wakefield effects. The accelerating gradientat, =500 GeV
celerator technology and the overall design of the collider. is 17 MV/m. The pulsed rf-power is generated in some 2,500

. . klystrons of 150 MW peak power each. The design gradient
A. Basic Concepts and Machine Parameters is achievable without the need for rf-pulse compression, which

The fundamental difference of the TESLA approach corii€lds a relatively high overall efficiency with a8 long beam
pared to other designs is the choice of Superconduaﬁng]er- pulse. In order to obtain the same Iuminosity as for TESLA,
ating structures. The challenge of pushing the superconductifig required spot size at the IP is somewhat smaller and the AC-
linac technology to a highccelerating gradient and at the sam@ower about 45% higher. A comparison of the main parameters
time reducing the cost per unit length, both necessary in ordef® TESLA and SBLC atz'.,,=500 GeV is given in table I.
be competitive with conventional approaches, is considerable,
but the advantages connected with this technology are signif- B. Energy Upgrade

icant. TESLA uses 9-cell Niobium cavities cooled by SUPer-rq center-of-mass energy reach of TESLA is clearly limited
fluid Helium to T=2K and operating at L-band frequency (1.8y the maximum gradient achievable with the superconducting
GHz). At this low frequency, wakefield effects in the acceleraly,jisies and can not, unlike designs using conventienegler-

ing structures become very small which makes the TESLA lingg stryctures, be increased by upgrading the rf-pulse power.
|de_al for transportlng a.h|gh quality, low em|ttanC(_e beam, as IR order to go to energies beyord,, ~1 TeV, the length of the
quired for obtaining optimum performance of the linear collideg, » -hine would therefore have to be increased significantly. We
The design gradient for a 500 GeV collldgr is =25 MVIm withy, pelieve, though, that a significant energy upgrade of TESLA
an unloaded quality factor ap, = 5 - 10°. The power dis- iy e possible within the site length for the 500 GeV design by

sipation in the cavity walls is extremely small which allows t%perating the cavities at a gradient above 25 MV/m. The main
produce theaccelerating field withdng, low peak power rf- reasons which justify this optimism are:

pulses and yields a high transfer efficiency of rf-power to the

beam (the overall AC-to-beam efﬁciency for TESLA is close to ® The fundamental limit for the gradient in a Nb-structure at
20%). With a high average beam power, the required luminos- 2K is above 50 MV/m.

ity can be achieved with a spot size at the interaction point (IP
for short) only moderately (about a factor of 3.5) smaller than
what has been achieved at the Final Focus Test Beam experi-
ment performed at the SLAC linac [2]. At the same time the
AC power consumption remains within acceptable limits (be-
low 100 MW). The long rf-pulse allows for a large bunch spac- ¢ Accelerating gradients aund 40 MV/m have ecently
ing (see table ), making it easy for the experiment to resolve been achieved with single-cell L-band cavities at CEBAF

o Cavity tests at the TTF (see below) have shown that field
emission can be very effectively suppressed and a quality
factor far in excess of the design valu@,(= 5 - 10°) at

25 MV/mis feasible.
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TESLA  SBLC TESLA SBLC
energyE.,,/GeV 500 500 energyE.,,/GeV 800 725
gradienty /[MV/m] 25 17 gradienty/[MV/m] 40 24.7
frequencyf,;/GHz 1.3 3.0 frequencyf,;/GHz 1.3 3.0
site lengthL; s / km 32 34 site lengthl;,; /km 32 34
# of klystrons 616 2512 # of klystrons 1232 2512
klystron power/ M W 8 150 klystron power/ M W 8 150
rep. ratef,.,/Hz 5 50 rep. ratef,.,/Hz 3 50
pulse lengtll'p /s 800 2 pulse lengtll'p /s 640 0.5
# of bunches, 1130 333 # of bunches p. pulse, 2260 125
bunch spacing\t,/ns 708 6 bunch spacing\t,/ns 283 4
bunch chargev, /10'° 3.63 1.1 bunch charg#’, /10%° 1.82 1.2
emittanceye, ,/107%n  14,0.25 5,0.25 emittanceye, ,/107%n  12,0.025 5,0.10
beta at IP3; , /mm 25,0.7 11,045 beta at IP3; , /mm 25,0.5 13,0.3
beam size at Il¢; , /nm 845,19 335,15 beam size at Ile; , /nm 618,4.0 303,6.5
bunch length at IR, /mm 0.7 0.3 bunch length at IR, /mm 0.5 0.3
beamstrahlundg /% 2.9 3.0 beamstrahlungz /% 2.3 5.3
luminosity L/1033cm=2s~1 6 5 luminosity L/1033cm=2s~1 10 5.1
beam powet, /MWW 16.3 145 beam powet, /MWW 15.6 8.6
AC powerPac /MW 95 140 AC powerPac /MW 110 140
AC-to-beam efficiency /% 17.2 10.4 AC-to-beam efficiency /% 14.2 6.1

Table I: TESLA and SBLC parameters fét.,,, = 500GeV.

[3] and at KEK [4].

ular the beam delivery system) are designed such thatthe en
upgrade can baccomodated witout further hardware modifi-

gradient, either the rf-pulse power or pulse length must be Aout2 x 10%%em

i

Table Il: TESLA parameters for an upgrade to 800 GeV and

SBLC parameters at 725 GeV.

Here, P, denotes the average beam power (limited by AC-power

With further R&D it seems conceivable that a maximum gradind the overall power transfer efficiency)g the fractional
ent of about 40 MV/m af), = 5 - 10° can be reached with theleam energy loss due to beamstrahlungandthe normalized

9-cell TESLA cavities. The average gradient for the entire lin¥€'tical emittance. The factdf , accounts for the pinch effect,

is likely to be lower initially, so that a possible scenario for alyPically i/p ~1.5. Since emittance growth inthe TESLA linac
energy upgrade in steps could be to exchange groups of modGRis Pe kept very small, a further reductiorepfy by an order of
containing the “weakest” (i.e. lowest g) cavities with new, higfh@gnitude seems conceivable and allows to keep beamstrahlung
performance modules. This upgrade path leads to a maxim@ht low level at higher energgndhigher luminosity. A param-
energy off.,,=800 GeV. The subsystems for TESLA (in partic;eter set fort..,,,=800 GeV which takes this option into account

venin table Il. A further upgrade to Energies beyond 1 TeV

will require to increase the machine length. Parameter studies

cations. In order to obtain optimum luminosity at higher energfp" this case show that a low level of beamstrahlufg £5%)
an upgrade of the rf-system is alseaessary, though. At highercan be maintained up tB.,,,=1.5...2 TeV with a luminosity of

—25-1,

creased to maintain a reasonable ratio of beam-on time to rf-o¥Vith the SBLC concept, a low-cost energy upgrade by about
time. We follow the first approach, which has the advantage tffafactor of 1.5 is possible by adding SLED pulse compression

the modulators providing the pulse power for the Klystrons ®YStems. Itis conceivable that by the time the upgrade program
not have to be modified. The 800 GeV version of TESLA woulgfarts, experience has been gained to reduce emittance dilution
then have twice as many klystrons and modulators as the inifigithat @ somewhat smaller emittance than for the first stage of
stage at 500 GeV. The pulse repetition rate is reduced so that@Rgration can be assumed. A consistent parameter set for this
dynamic load for the cryogenic system remains almost constsRgrade of SBLC td,,, =725 GeV is shown in table II. A fur-
and the AC-power consumption is only slightly increased. ther adiabatic increase of energy is feaS|bI_e by adding klystrons,
The potential of TESLA to maintain an extremely small emiiv(_}mu""IIy re?chlrr:g é OTOe\C/a vctmughly twc|50e_ thebnum?je; c? Vv
tance in the accelerator becomes particularly important at hig g/ﬁstrons as for the ev version. 0ing beyon €

energies. This can be seen from the following aproximate luni?
nosity scaling law, which holds for all linear collider designs
independent of the choice of technology: 1.

, as for TESLA, require to increase the machine length.

BEAM DYNAMICS

The choice of a low frequency results in small transverse and
longitudinalwakefields in the accelerating structures. This leads
to relaxed alignment tolerances for the linac components re-

P (5 1/2
Lz5.82~1020><E—b><< E) x Hp (1)

cm €y N
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quired for the transportation of a low emittance beam. It &mittance dilution could be further reduced, thus allowing for
instructive here to compare the different linear collider designbeam emittance much below the design value quoted in table
concepts on a basis of simple scaling arguments [5]. One of theThe random misalignment of the superconducting cavities
most essential contributions to emittance dilution results frowith a tolerance as large as 0.5 mm contributes another 10% of
short-range transverse wakefields due to random offsets of ¢éimaittance dilution. This effect can also be further reduced by in-
accelerating structures w.r.t. the beam orbit. Thétamce di- tentionally introducing orbit deviations (non-dispersive bumps).

lution from this effect can be written as For SBLC the corresponding alignment tolerances for a rel-
Ae ~ ative emittance dilution similar as in TESLA are %n for
— o F -3 6y (2) the accelerating structures and of the order ofiriCfor the

€

B guadrupoles and BPM's. This will be achieved by applying
where ¢ denotes the averagg-function in the linac (the the above mentioned beam-based methods and by adjusting the
stronger the focussing, the small#, §y. the rms-offset of the structuresw.r.t. the beam by measuring the induced higher order
structures and' the dilution factor which depends on the bearmodes (HOM) and minimizing them using remote controlled
parameters and very strongly on the linac frequency. The conevers. The effect of long-range HOM can also lead to emit-
siderable variation of” for different linear collider designs istance dilution from the so-called multi-bunch beam break-up
shown in fig. 1. It becomes clear that TESLA can afford verBBU) effect. The effect is kept within tolerable limits by damp-
much relaxed requirements for the alignment tolerances andifay the HOM with a layer of poorly conducting material on the
the beam optics. For SBLC, the emittance dilution factor igses of the structures. The damped modes have quality factors
comparable to the one calculated for SLC parameters. of about 3,000, sufficiently small to reduce the additional emit-
tance dilution from BBU to a few percent. In TESLA, thanks to
the large bunch spacing, HOM damping requirements are less
serious and the BBU effect is practically negligible.

An important issue concerns the short and long-term stabil-
ity of the alignment of the linac components. Seismic ground
motion, cultural noise, long-term diffusive and linear ground
motion as well as temperature variations and noise from venti-
lation, watercooling, etc. are of concern. We take here a con-
servative approach in estimating the effects in the linear collider
from the observed orbit motion in the HERA storage ring [8, 9].
In a somewhat crude approximation, the results of this analysis
can be summarized as follows.

At frequencies above 3 Hz, i.e. in a range where a slow or-
bitfeedback in SBLC is not efficient any more (the bandwidthis
limited to about 1/20.1/10 of the repition frequency), an rms-
amplitude of uncorrelated quadrupole motion of about 100 nm
Figure 1. Wakefield emittance dilution factor for differeninust be expected. This leads to orbit jitter at the interaction
500 GeV linear collider designs. The SLC is included for conpoint which would reduce the SBLC luminosity by roughly
parison. 10%. Two methods are foreseen to decrease this effect. The

guadrupole supports can be actively stabilized, reducing the vi-
bration amplitude to about 20 nm [10]. Furthermore, a fast feed-
back stabilizing the beam orbits at the IP weach other seems

Another important effect leading to emittance growth is due feasible [11]. We thus conclude that pulse-to-pulse orbit jitter
the bunch energy spread in connection with spurious dispersiil be handable in SBLC. In TESLA a fast orbit correction
generated by random orbit kicks which result from quadrupobéthin the bunch train can be applied (thanks to the large bunch
and BPM misalignments. In contrast to the dilution from wake&pacing), so that orbit jitter is not an issue.
fields, this effect grows with stronger focussing. Therefore theThe slow orbit motion observed in HERA (on a time
beam optics in the linac have to be chosen such as to find a caeale from 1 h to several weeks) is consistent with the so
promise between dilution from wakefields and from chromataalled ATL-rule of diffusive ground motion [12], wheré ~
effects. Because of the much smaller wakefields, the optimunT>um?/m/s. One effect of ATL-like motion is that the or-
focussing in TESLA is weaker than in SBLC. This, togethdit will drift while performing the beam-beased alignment pro-
with a small energy spread of 0.06% (compared to 0.35% d¢adure. This has been investigated for SBLC and it is found
SBLC), leads to a tolerance of 0.1 mm (rms) of the BPM arttlat the time passed between taking difference orbit measure-
guadrupole alignment for about 10% emittance growth, whichents (after changing quadrupole strengths) must nodek
is close to what is achievable with state-of-the-art methodsadtout 2 min. in order not to cause a further emittance dilution,
installation time. With additional beams-based methods [3&e fig. 2. In addition, the orbit must be steered back to the op-
the alignment tolerance could be relaxed to 0.5 mm or, sinttmum one found by beam-based methods about every 20 min.
we expect the installation accuracy to be better than that, tred the beam-based alignment procedure be repeated once per

vert. emittance dilution factor
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week. With a properly designed machine control system, th$snot an easy task. Beam optical systems with large momen-

does not seem to be a problem. tum bandwidth have been designed and investigated by com-
puter simulations. It is found that a suffiently high positron
Emittance vs. Measurement Time yield can safely be obtained for the less ambititious layout with
0.5 ' ' ' ' a planar undulator for unpolarized positrons. The production of
o 045 ¢ 1 polarized positrons seems also feasible, but the safety factor is
% 0.4 | o smaller and the helical undulator technically more difficult.
£ 035} 1
§ 03 | ] B. Damping Rings
S 0.25 ¢ ¢ 1 The required small beam emittances make atassary to
é 02 1 store the positron beams in damping rings during the time be-
2 0.15 1 tween pulses. The same is true for the electron beams, unless
g 01l ) ) | flat-beam low-emittance rf-laser guns become available. The
= 0,05 | T ° 2 | SBLC damping ring has a Iength of about 650 nad:po_modate
' i1 i , z {} §§ ‘ the 2us long beam pulse. In a first attempt to optimize the lat-
0 1 10 100 ' 1000 tice layout a solutionfor a ring operating at 3.15 GeV was found
time between orbits/ s which matches the requirements for the damping time, equilib-

rium emittance and dynamic aperture. The alignment tolerances

Figure 2: Emittance dilution in SBLC from orbit drift during theare of the order of 0.1...0.2 mm, likely achievable with existing

beam-based alignment process. An ATL-like diffusive grourf§chnology. No detailed investigation of collective effects has
motion with A = 10=°m? /s /m is assumed. been done yet, but it should be noted that the stored current of

300 mA is not far from what has been achieved in existing stor-
age rings with comparable size and energy and much below the

In the case of TESLA, diffusive ground motion has a muc§oals for the B-factories presently under construction at KEK
smaller effect. Orbit steering must be applied about once Rg{d SLAC. Presently, further studies of the damping ring beam
hour and beam-based alignment becomesessary only after gptics are under way with the goal to determine the lattice type

operating the machine for more than a year. most suitable for optimum performance.
A special problem occurring in TESLA is related to mechani-
cal deformations of the cavities during the beam pulse (Lorentz-  10om wiggler

T

force and microphonics). The phase shift resulting from the de- 4—>/
K A

tuning of the resonance frequency is corrected by a feedbac

loop and the bunch-to-bunch energy spread can be kept bel

2x 1074 < >
8 km

ll.  INJECTION SYSTEM R=60m

The preparation of electron and positron beams which matefyure 3: General layout of the “dogbone”-shaped damping ring
the requirements concerning the intensity and the transverse

and longitudinal dimensions demands specially designed sub- S
systems within the linear collider complex. In the following, !N TESLA we have a special situation due to the &30ong

damping ring in a compressed mode with reduced bunch spac-

ing. We have chosen aring layout with a length of 17 km, yield-
ing a bunch spacing of 50 ns. In order to avoid having to build a
As mentioned above, a special design is foreseen to produiog tunnel of that size, the ring is shaped like a “dogbone” with
the high positron intensity required for both TESLA and SBLQwo long straight sections entirely placed inside the linamel
The method [13, 14] uses the spent high energy electron beama only the roughly 400 m long loops at the ends in additional
after the interaction which is transported through an undulatonnels (see fig. 3). Sufficient radiation damping is provided
to yield a high intensity photon beam. The photons are cooy four wiggler sections of about 100 m lengthch. The op-
verted to electron-positron pairs in a thin target, after which tleeation energy of the ring is 3.2 GeV. Detailed studies of the
positrons are captured and pre-accelerated before injection inéam optics have been performed and it was shown that with
the damping ring. The main advantages of this method aralgnment tolerances of 0.1...0.2 mm both a sufficiently large
strongly reduced heat load in the conversion target compahamic aperture and the required small beam emittance can
to conventional sources and the possibility to produce polarizee obtained. By applying beam-based alignment and correction
positrons by using a helical undulator. techniques similar to the one successfully tested at HERA [15],
Since the beam energy spread and the emittance are consign much smaller emittances are achievable. With a stored
erably increased during the collision, capturing the spent beaorrent of 100 mA a feedback system to suppress multi-bunch

A. Positron Source
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instabilities must be foreseen. The required system is simitae IP, which leaves enough space to install an electrostatic sep-
to the one routinely in operation in the HERA electron ringarator outside of the interaction region (see fig. 5). With this
the main difference being a factor of two larger bandwidth. scheme the acceptance for synchrotron light is large and the
prototype kicker for the injection/extraction system is presentigaximum allowed trajectory amplitudes are 15 horizontal by
under construction, which is expected to yield a pulse width 48 vertical standard deviations.

about 20 ns, well below the maximum allowed width of 50 ns.

X, mm extracted
300 |

V. BEAM DELIVERY SYSTEM sentam-
The beam delivery system, placed between the end of tﬁoe’”‘ﬁ ) ]
linac and the IP, consists of three parts: (1) the coIIimatioln0 separe i Brv
section, which protects the interaction region from background-| | ad

generating large amplitude halo particles, (2) the tuning and di-| [l 1| [ (L .7
agnostic section, where beam optics and emittance distortions [l L .

are analysed and corrected and (3) the final focus system which
provides demagnification of the beam size by two orders 6f|
magnitude. The total system is layed out for a maximum beam Y ot e QFDL QFFL
energy of 400 GeV and comprises about 1.2 km of magnet lat- ‘

tice for TESLA and 1.4 km for SBLC (see fig. 4). The geometry | #5=2m—20——=on o=
of the system is such that it fits into a straight tunnel. This will ‘ w w w w

leave maximum flexibility for later modifications and upgrades. o o o o

A second interaction point, possibly for- v collisions, can be Figure 5: Separation of the outgoing from the incoming beam
arranged by adding a second beamline and an IP switch. Warkthe TESLA final focus section.

on a detailed layout for such an optionis in progress.

collimatorl

=

S,m

In SBLC, with a bunch separation of only 6 ns, a 6 mrad
crossing angle geometry is necessary to avoid parasitic inter-
oL o0 s ren o st actions. In that case, a conventional final quadrupole design is
THD-PHRSE SVSTE WERSION MAY 1336 F.B. 2 chosen, which provides an aperture of 10 mm for the outgoing
synchrotron light. Consequently, the collimation requirements
for SBLC are somewhat tighter than for TESLA¢ ., x 250).

The concept of collimation is the same for TESLA and SBLC
N and based on the idea of mechanical collimation outlined in ref.
[16]. Particles with large betatron amplitudes (or momentum
deviation) pass through thin (2 R. L.) spoilers after which they
are stopped in absorber blocks. A critical issue concerns protec-
tion of the spoilers from intolerable heat load which can result
if an entire bunchtrain passes through the spoileatsident.

In case of TESLA the bunchtrain can be “switched off” by fir-
ing a dump kicker in the gap between two bunches in case the
- ‘ ‘ , ‘ ‘ ‘ . loss rate at the spoiler exceeds a tolerable value. For SBLC this
is not possible and the beam optics in the collimation section
must be layed out such that the spoilers can stand a full train of
333 bunches. This seems only possible by using graphite spoil-
ers, whereas Titanium can be used for the TESLA system. The
) . ) graphite has to be coated with a material of high conductivity in
Figure 4. Beam optical system between the end of the linac &f\gier to reduce the resistive wall wakefield effect.
the IP for SBLC. The design of the tuning and diagnostic section follows the
concept used in the NLC [17]. Several spot size monitors are

The requirements for the collimation section are determinegfjuired to analyse the phase space distribution of the beam.
from the aperture available in the final quadrupoles just befdPessible candidates for these monitors are either carbon wires
the IP. The particle trajectory amplitudes are restricted such tianly possible with reduced beam intensity), laser wires [18]
synchrotron radiation generated in the quadrupoles upstreansynchrotron radiation from quadrupole wigglers [19]. From
from the IP passes freely through the doublet downstream. the spot size measurements the required strengths of correction
TESLA superconducting final quadrupoles with large apertugeiadrupoles and skew-quadrupoles are derived to tune the beam
(24 mm radius) and a head-on collision scheme are used. Thigpsical functions towards their design values.
possible, because the first patigsinteraction of the incoming  The design of the final focus system uses essentially the same
and outgoing beam would occur more than 100 m away frazbncept as the successfully tested FFTB experiment [2]. The

—~DISPERSION ¥.Z/M
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large chromaticity of the final doublet is corrected by two paigradients) and the R&D program to investigate and eliminate
of sextupoles arranged in a non-interleaved scheme. The SBhE€se limitations is still in progress.
system employs several additional sextupoles in order to optiAs one contribution to reducing the cost of the superconduct-
mize the momentum bandwidth of the system (this is not rig linac, a modular concept with groups of 8 cavities contained
quired for TESLA where the beam energy spread is only abdota common cryostat is used. The completion of the first mod-
0.1%). The remaining chromatic and geometric aberrations ale is scheduled for February 1997. A first stage injector has
small and cause a spot size dilution of only a few percent.  already been successfully commissioned [22] and acceleration

Stabilisation of the luminosity is one of the most critical isef a beam with the first module will take place in spring 1997.
sues for the beam delivery system. Orbit jitter can cause bedhe test linac will later be extended with up to 4 modules (32
separation at the IP and longer term drifts of magnet positiotavities) in order to demonstraseceleration of a beam up to
lead to an increase of the spot size. In TESLA the orbits 800 MeV. Operation with an rf- and beam-pulse structure as in
the colliding beams w.r.t.each other can be very efficientlythe linear collider design is foreseen, so that a full integrated
stablized by a fast feedback within the bunchtrain. The sigystem test relevant for the TESLA linear collider is possible.
nal for driving a fast steering device is derived from the kick
which the bunches experience during interaction in case of 2
non-vanishing transverse offset. The response time of the fe
back is of the order of the bunch spacing, so that only the lun
nosity of the first (or first few) bunch collisions will be affectec e . -
by orbit jitter. A similar system, although not quite as efficier B AL LA S R BRI B P -
because of the much shorter beam pulse, is foreseen for SE ) T *
[11].

Long term spot size stability is investigated on the basisof t & meeswy
ATL-model as described above. It is found that orbit correctic S T o e
in the TESLA beam delivery system is required about every tv - ' - TESLA I;
minutes to avoid significant spot size dilution. Mainly becaus e ——— il :
of the larger energy spread, the SBLC spot size is roughly an I
der of magnitude more sensitive to magnet motion. A full sin 0 s 10 15 2 ES 3

ulation of luminosity stabilisation for both designs is present Eacc (MV/m)
II’I preparatlon ‘o 1300 C Ti Treatment. 180 pm BCP + HPW rinsingl

Cavity D3 (Dornier)
T=1.8K

(R0 7S ) p—

Figure 6: Quality factor vsaccelerating gradient for one of the

V. DEVELOPMENT OF LINAC 9-cell TESLA cavities tested with CW-rf in a vertical cryostat.
TECHNOLOGY The initial goal for the TTF and the design goal for TESLA are
indicated.

To demonstrate the availability of the technical components
required for the main linac of a linear collider is of utmost im-
portance for every linear collider approach presently under in-

vestigation. The goal is to build and operate test acceleratile demonstration of a successfully working superconduct-
with componentseaching the full performance of the ones repg |inac system is the primary goal at the TTF, its construction
quired to build the collider. Test facilities for both TESLA andyi| also provide a sound basis for a cost analysis. Studies of

SBLC are presently under construction at DESY. cost effective component design are under way and the prepa-
ration of a detailed cost model for all major components and
A. TESLA Test Facility sub-systems of TESLA will be the next step of our design work.

In order to demonstrate the feasibility of the TESLA tech- s
nology, an R&D program in the framework of the TESLA Test B. S-Band Test Facility
Facility (TTF) was launched several years ago [20]. The TTFThe S-Band test linac consists of 4 6 m long accelerating
[21] includes the infrastructure for applying different processtructures which are powered by two klystrons to yield a loaded
ing techniques to the Niobium cavities obtained from industriatcelerating gradient of 17 MV/m. The klystrons, built at
series production. Of particular importance is the preparation®fAC in collaboration with DESY and TH-Darmstadt, have
ultra-clean surfaces with chemical treatment and high-presshath reached their design goal of 150 MW peak power with
rinsing methods. About 10 cavities have been processed anpulse length of 3s. The fabrication and alignment accuracy
tested at the TTF so far. Several of the cavities haaemed or of the accelerating structures is an important issue for beam sta-
even surpassed the TESLA goal (see fig. 6). Thus the possiity in SBLC, as explained above. So far, a straightreessi-
bility of producing high-performance cavities which are esseracy of 0.14 mm (rms) over the full length has been achieved,
tially free from field-emission limitations has in principle beembout a factor of two above the design goal. High power tests
proven. Nevertheless, these excellent results are not yet sufve been performed with short sections containing the layer of
ficiently reproducible (other cavities show limitations at lowdobssy material on the irises for HOM damping [23]. The injector
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for the test linac has been commissioned successfully [24]. TH&] W. Decking, K. Fbttmann and J. RoRbach, Proc. EPAC, Nice
modulator-klystron system is being tested [25] and first beam

1990 and DESY-M-90-02.

tests of the linac will begin in autumn 1996. Among the fore{g] R. Brinkmann and J. RoRbacl@bservations of Closed Orbit

seen tests are the measurement of HOM excitation and the re-
motely controlled precision alignment of the structures using

the HOM signal.

VI. ADDITIONAL OPTIONS

The main task of a future linear collider is clearly to provide a
facility for experimental Particle Physics research at the energy o
frontier. There are, however, also fascinating additional appit2] B- Baklakov et al., INP-91-15, Novosibirsk 1991 and Tech. Ph.

cations for such a machine which can be integrated in the design

Drift at HERA Covering 8 Decades of Frequendyucl. Instr.
Meth. A 350, p. 8-12, 1994.

[10] C. Montag,Active Stabilisation of Mechanical Quadgpole Vi-
brations for Linear ColliderDESY-96-053, 1996.

[11] G.-A. Voss, R. Brinkmann and N. Holtkam@, Beam Based In-
teraction Region Feedback for an S-Band Linear Colligeoc.
Linac Conf., Geneva 1996, in the print.

38, p. 894, 1993.

and provide research opportunities in a broader field of scienBé] V. E. Balakin and A. A. Mikhailicheko, The Conversion Sys-

The capability of delivering an excellent beam quality makes
a linear collider an ideal driver for a Free Electron Laser in
the Angstroem wavelength regime. Such an option could (3]
realised with an S-Band linac [26], but especially the TESLA
linac with its extremely small wakefields is perfectly suited for
this purpose. The layout of an X-ray FEL user facility as an ift5]
tegral part of a linear collider is presently under study [27] and
tests of an FEL using the TTF linac [28] are planned for 1998.

In case the linear collider is constructed at the DESY sitgg)
another option could be integrated at relatively low additional

tem for Obtaining High Polarized Electrons and PositrdN®
Novosibirsk Preprint 79-85, 1979.

Colliders Thesis, DESY-93-161, 1993.

D. P. Barber et al Application of a Beam-Based Alignment Tech-
nique for Optimizing the Electron Spin Polarization at HERA
Proc. EPAC, Sitges 1996, in the print.

N. Merminga, J. Irwin, R. Helm and R. D. Ruti@ollimation
Systems for a TeV Linear CollideBLAC-PUB-5165 Rev., 1994.

cost. By using additional beam pulses in the lower energy paitz] zeroth Order Design Report for the NLC, SLAC-Report-474,

the TESLA linac can be used as an injector for the HERA elec-
tronring, the latter operating as a stretcher ring to provide a hi
duty cycle beam for Nuclear Physics experiments. A feasibili

study of this option has recently been completed and dusé

that beam properties similar to the original ELFE proposal ¢

be achieved [29].

VIl.  CONCLUSIONS

The linear collider studies coordinated at DESY are making
good progress and the conceptual design for both the TES
and the SBLC approach is essentially completed. Further re-

W

sults from the test facilities and, last but not least, cost estim
are needed before a decision can be taken, which of the
concepts is to be pursued further in the future at DESY.
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