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Abstract

The TESLA Test Facility and Linac. under construction
at DESY by an international collaboration is an R&D test bed
for the superconducting cavity variant of the TeV scale future
lincar colliders. The TTF will include capability for processing
and measurcment of 1.3 GHz superconducting accelerating
structurcs. the crvogenics. power. diagnostics. injcctor, and
other support svstem appropriatc to implementing a 500 McV
test Linac. The main body of the TTF Linac will consist of
four cryvomodules. cach containing cight 1 meter nine-cell
cavitics. The basc accelerating goal is 15 MV/m. Two
injectors are planned. both with an average pulse current of 8
mA. The first (less demanding) will provide the 8 mA with a
216 MH7 structure: the second which will be necessary for
HOM measurements will need to operate with a bunch charge
of 5x10"" at 1 MHz for 800 bunches. Beam analysis arcas will
be provided for study of both injected and high encrgy output
beams. Overview and status of the facility. Linac design, and
proposcd experiments will be given.

Introduction

Worldwide. there arc a number of groups pursuing
diffcrent lincar collider design efforts. The TESLA activity [1]
is onc of thesc R&D effords, differing from the others in its
choice both of superconducting accelerating structures and of
low frequency (L-band. 1.3 GHz; see also {2}). As one of these
R&D groups. TESLA plans to have a working prototype test
facility in the 1997 time scale which supports the development
of an s.c. collider.

The TTF is to be located at DESY, with major
components flowing in from the members of the TESLA
collaboration. Although it is of highest priority to prove the
feasibility of rchably achieving accelerating gradients of 15
MV/m or morce, the TTF has also to show that the cavitics can
be assembled into a Linac test string successfully opcrated
with auxiliary systems to accelerate an clectron beam to 500
MecV. Furthermore. diffcrent cxperiments to be carricd out on
the TTF Linac have been defined and partly outlined in detail
now so that the necessary diagnostics can be sct up. This
covers not only the more typical beam experiments but also the
cryogenics and RF mcasurcments that are needed in order to
confirm the idea of a superconducting linear collider.

The TTF Linac Program
Although a full comparison of the TTF Linac’s parameter
with a potential TESLA 500 lincar collider [3] can not be
carried out hcre, Tab. 1 lists the most important itcms.
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.TABLE 1
TESLA 500 - TTF Linac Paramcter Comparison.

Parameter TESLA 500 TTF Linac
Linac Encrgy 250 GeV 500 MeV
Accelerating Gradient 25 MV/m 15 MV/m
Quality Factor Qo 5x10° 3x10°

No. of Cryo Modules many 4

Single Bunch AE/E 15x107 ~ 107
Bunch to Bunch AE/E 107 ~5x107
Beam Current S mA 8 mA
Macro Pulsc Length 0.8 ms 0.8 ms
Injection Encrgy 10 GeV 10-15 McV
Lattice 3 66 m 12m

Bunch Rep. Frequency 1 MHz 216/ 1 MHz
Bunch Population 5x 10" 0.023 / 5x10'°
Bunch Length, rms I mm 1 mm
Emittances y /B 20, 1 pm 3 um

Beam Size, Injection 260, 60 um | mm

Beam Size, End of Linac | 50, 12 pm 0.35 mm

The time structure of the beam, i. e. bunch frequency,
bunch scparation, and bunch Iength as well as the number of
particles per bunch depends on the injector. The two injectors
planncd for the TTF will provide thc macro pulsc current,
length and repetition rate planned for TESLA 500; onc will
provide the design bunch charge. Becam sizes intended for
TESLA 500 with 10 GeV injection will not be rcalized in the
TTF Linac.

Nevertheless, there are a number of respects in which
TESLA 500 and the TTF Linac are sufficiently similar, so that
the TTF Linac experience will feed directly into the TESLA
500 design. Some aspects of the full scale linear collider can
be checked at the TTF Linac, others may be difficult or
impossible to check.

What the TTF Linac does check is the achicved gradient
{4] including High Peak Power processing [5]. the cavity
construction and processing techniques 16). and the design of
input and HOM couplers. The RF control of multi-cavity
systems will be developed and tested under real  conditions
(Lorentz force detuning, microphonics) [7]. The vacuum
failure recovery potential can be studied and a cryostat design
[6,8] can be tested under cryogenic operation. The possibility
of dark current is of interest as well as an energy and position
feedback systcm. Alignment and its stability [9] can be
checked using position monitors and BPM systems {10]. A
first itcration on projccted system costs should be possible.

Mcasurcments of Q, and HOM (both by calorimetric
method) are not casy but appear possible. HOM and wake ficld
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mecasurcments require the high bunch charge of injector TI.
Transverse wake measarements are possible with the beam far
of axis [11]. Cavity alignment mecasurcments via wake ficlds
will be attempted but may prove difficult. The schedule for
injector 11 will be critical for much of this program. The TTF
Linac program will not check out the sensitivity needed for
TESLA 500 such as vibration sensitivity and cmittance
growth.

The TTF Linac

The TTF Linac, as it is shown in Fig. 1 with injcctor 1.
consists of a 250 keV room tfemperaturc injection, a short
superconducting Linac followed by a 15 McV bcam analysis
arca and an optics matching system. the Linac itsclf consisting
of four cryomodules with cight cavitics cach, and the 500 McV
becam analysis arca.

gun capture 15 MaV TTF linac high energy
cavity analysis (4 modules / 32 cavities) experimental
area area
4
I /4
D ----- 2 ~-D»-C‘)~:o:r.ec‘>xc‘:-:-:'.‘:-> ||:'.'.e-:i f-:t. ||:;:~:~:‘: 2 :f.-.... -"D:"“-
77 .
250 keV 10-15 MeV 500 M9V~
Fig. 1. Schematic layout of the TTF Linac. The overall
Iength of the installation at DESY amounts to
~85 m; the drawing is not to scalc.
Injector

Two injectors are planned for the TTF Linac. The first,
injector 1. is intended to be relatively straight forward in
design to provide the TESLA design current, but not the large
bunch spacing of 1 ps and rather intense bunches (5 x 10"
clectrons). In its initial form, injector I {12] will operate with
the paramcters as shown in Tab. 1. first column TTF Linac.
The sccond. injector I1, is intended to provide the TESLA 500
bunch spacing and intensity. Here a design based on a laser
driven photo cathode is considered and first designs are on the
way. Nevertheless, neither of the two injectors will have the
transverse emiftance ratio of TESLA 500 which is not
required for the TTF program.

The warm part of injector I starts with a grid controlled
thermionic gun as the sourcc: the anode voltage is 40 kV. The
produced bunches (2.3x10% in 50 deg at 216.7 MHz ) arc
injected into a 1 m long clectrostatic preacceleration tube and
accelcrated to 250 keV. Bunch compression is performed by
means of a 6™ subharmonic buncher cavity (SHB). From the
250 keV encrgy then one standard 1 m long nine-cell TESLA
cavity finally increases the clectron bcam cnergy to above
10 MceV.
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This accelerating structurc has a crucial influcnce on the
becam quality at the end of the injector. As a standing wave,
3 = 1 cavity it has threc major impacts on the bcam optics. At
first, the large lcakage ficld, which the injected clectrons sce
in the beam tubc in front of the first ccll, acts as a dccelcrating
ficld. Sccond, the low velocity of the 250 keV (B = 0.74)
clectrons results in a phase slippage in the first cell. The
consequence is an energy modulation but fortunatcly also a
further bunch compression. And third, the ficld of a standing
wave cavity has a strong focusing influcnce on the transversc
dimensions of the electron beam [13]. A complcte simulation
has becen carricd out using the tracking code PARMELA. This
calculation also takes the space charge cffects into account.
The accelerated clectron beam can be studicd in the low
cncrgy becam analysis arca behind the injection Linac.
Transversc and longitudinal phasc space volume and
oricntation will be mcasured. Therefore several diagnostic
stations arc used together with a focusing quadrupole triplet
and an energy analyzing dipole magnet.

Linac Beam Optics

The alrcady above mentioned first quadrupole triplet will
be used together with a second triplet to allow the matching of
the bcam to the optics lattice along the Linac. This lattice
along the TTF Linac consists of four cells, cach having a
superconducting quadrupole doublet and a beam position
monitor at the end of a string of 8 s.c. cavities. Due to the
mentioned rf-focusing the matching to the first cell of the
lattice is strongly disturbed. Nevertheless, detailed beam optic
calculations achicved a perfect matching with a B-function
cqual to the cell length of ~12 m (module length) and provide
90 dcg phase advance per cell.

Starting with this B-function at the end of the Linac, the
acceleratedd electron beam (now 500 MeV) has to be
transported through the high cnergy beam analysis area to the
bcam dumps. Onc more quadrupole doublet will be used
together with the last superconducting onc in order to optimize
both beam cmittance and in a dispersive section energy spread
mecasurcments. Further quadrupole doublcts in the two straight
sections behind the analyzing magnet increasc the f-function
by at lcast two orders of magnitude before stopping the bcam
in two scparatc dumps.

The Linac Module

Each of the four Linac modules houses 8 s.c. cavities of
the TESLA type [6], which is an approx. 1 m long 9-ccll
stiffened m-mode standing wave structure operating at 1.3
GHz. The cavitics are assembled as a string. They have an
input coupler and a HOM coupler at one end and only a HOM
coupler at the other end of ecach. This string is followed by a
becam position monitor [10] and a s.c. quadrupole doublet
whose beam tube acts as an additional HOM absorber. Each
quadrupole has correction coils which can be used as steering
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coils and for the compensation of potential quadrupole
vibrations.

Every s.c. cavity has its own helium vessel and the whole
string is supported by a long helium gas rcturn  pipe.
Opcrating temperature is 1.8 K; at an unloaded quality
factor of Q, = 3 x 10° the estimated heat load for the four
TTF Linac modules is approximatcly  60/60/500 W at
2/4.5/70 K. The first module will be equipped with a large
number of temperature scnsors and two vibration detectors per
cavity. Input and HOM couplers as well as rf windows will
have rf pickups. Alignment during cool down will be
monitored.

The rf power source, onc 5 MW klystron for 16 s.c.
cavitics and thcrefore one half of thc TTF Linac, has been
alrcady commissioncd [14]. The neccessary macro pulse
repetition rate of 10 Hz at pulse lengths of 2 ms is available at
the desired power. At present. tests of warm components of the
f distribution such as rf windows and circulators are made.

500 MeV Experimental Area

The high energy becam analysis area is located behind the
last crymodule and its terminating cnd cap. It serves as a room
to measure the relevant beam parameters, i.c. bcam position,
bcam sizc and cmiftance. bcam cnergy and sprcad, beam
current and transmission through the Linac, bunch length and
shapc. Some parameters will be measured as a function of the
bunch number in the 800 pus bunch train, others as an average
over some part of it or for a scrics of trains. In a first stcp
standard beam diagnostics (wire scanners, screens and
striplines) will be used while commissioning the TTF Linac.
The cxtensive use of OTR screens is foresecen. Space for
testing new diagnostic tools developed for TESLA also will be
provided. Two becam dumps complete the whole TTF Linac set
up.

First Results and Outlook

At present the commissioning of the TTF infrastructurc
i. ¢. a chemical ctching facility, a high pressure rinsing station
and a preparation arca / clcan room {15] is almost finished.
Two prototype test cavitics have been used to commission the
cavity processing. After a chemical ciching and a  high
pressure rinsing (=100 bar) both cavities (RRR = 250) had
exccllent quality factors at low ficlds (Qy =3 - 5 x l()”’). In
preliminary results onc cavity reached a cw ficld gradicnt of
16 MV/m (at Q, = 2 x 10'") while the other onc was limited
close to 10 MV/m (at a clearly reduced Qo = 3 x 10%. Both
cavitics are limited by quench events. High peak power
processing could flaten out the Qy vs. E behaviour of one of
the two cavitics.

The first six s.c. cavitics, planned for TTF cryomodules
and cquipped with real input and HOM couplers, will be at
DESY this summer so that the processing of it can start soon.
The assembly of 8 cavities as a string is scheduled for carly
1995 and the first cold test for latc spring. The injector I
assembly starts at Saclay in the beginning of next year. After
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successful tests it will be delivered to DESY to allow bcam
tests with the first cryomodule before the end of 1995.
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