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Abstract electron source, a subharmonic buncher cavity, a super-

The TESLA Test Facility Linac (TTFL) is used to develop,condUCtIng rf ca_lpt_ure cavity, and a diagnostic section. A

complete description has been given elsewhere [4]. The
construct and test components for a proposed TeV scale “cr:]é ture cavity is identical to the 9-cell TESLA accelerat-
ear € e collider. The 390MeV linac, set up by an inter-. P y

national collaboration at DESY, is going to test three sta ing structure. It increases the beam energy to 10MeV. The

dard acceleration odules each ’congsisti% of eight su er_rbuncher cavity together with the capture cavity bunches the

; . T 9 9 P beam to 1 mm rms before it is injected into the accelerating

conductingacceleration caties and one superconducting Inodules The diagnostic section includes a dipole mag-
1 .

guadrupole magnet module. Last summer a first modu .
net for energy measurements, several view screens, beam

was commissioned successfully. An average accelerating ... ; ) o
. : . . sition monitors and Faraday cups. Optical transition ra-
gradient of 15MV/m was established with beam; the RE.”. ; S
djation generated at an aluminum foil is used to measure

macro pulse length of 0.8ms at constant amplitude ar{ e single bunch transverse profile with an intensified cam-
phase corresponds with the TTFL design. According to 9 P

. . . era as well as the longitudinal profile with a streak camera.
. _expectatlons the cryogenic operation showed very IOlfyhe measurements of beam current, energy, energy spread
z;?tlgll:sssgsgmlg\?\/lyl;g F:fe rc(r)nn?[?;lZgélt'i?nii(ﬁglzfve;emczﬁf)eam profile, emittance, and bunch length agree well with
missioned and used to produce a 130 MeV beam. Resu}pse nominal operating parameters listed in table 1. A de-

of first experiments using new beam diagnostic equipment
are given. The extension to three modules is scheduled
for 1998. A planned Free-Electron Laser setup which will

demonstrate the new self amplified spontaneous emissio Table 1: TTFL operating parameters.

- . |" Parameter TTFL
principle at short wavelengths of a few ten nanometer is Energy gain of one module 150 MV
described together with theeoessary components.

RF Frequency 1.3GHz

Acc. Gradient 15MV/m

1 INTRODUCTION % 10°

In 1992 an international collaboration [1] proposed the | NP- of Acc. Modules 3 .
TESLA Test Facility (TTF). It is a test bed situated at | 2E/E (single bunch, rms) 1107
DESY to prove that accelerating gradients above 15 MV/m| AE/E (bunch to bunch, rms) 210°°
are consistently obtainable, and that superconducting cav} Bunch Length (rms) 1mm
ities proposed for a TeV scale lineat e collider can be Macro Pulse Length 800us
assembled into a linac test string (TTFL) [2]. Details of the | Macro Pulse Current 8mA
design of the test facility are documented in a conceptual_Lattice 3 (typ.) 12 m max
design report [3]. Inj. | Inj. I

The TTFL program includes operation of the accelerat-| Injection Energy 10MeV | 20MeV
ing modules, control of the low and high level rf systems, | Emittances, norm. (x,y) |5mmmr | 20 mm mr
cryogenic measurements, and testing cool down and warmy Bunch Frequency 217MHz | 1MHz
up procedures. A low bunch charge injector (Injector 1) | Particles per Bunch 2.310° 5.10'
with full beam current is used to establish beam accel-| Bunch Current 5A 1kA

eration and stable operation of the acceleratiraputes,
measure basic beam characteristics, such as energy spread,
emittance, and bunch length. In the near future, a high
bunch charge injector based on a laser-driven rf gun (Injegsjled report on measurements on the beam characteristics
tor I1) will be used to measure HOM losses, space chargg given in reference [5].
and wake field effects.
A summary of TTFL operating parameters is shown in It is planned to upgrade the injector with a laser-driven
Tab. 1. rf gun (Injector 11) in order to generate a beam with char-
acteristics close the beam proposed for the TESLA linear
2 INJECTION cqllider [6]. Injegtor 11 will als_o serve to generate a beam
with very low emittances to drive the proposed free electron
The TTFL injector has been commissioned and is in operéaser (TTF FEL) [7]. A detailed description of the Injector
tion since early 1997. It consists of a 250 kV thermionidl project is given in [8].
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3 ACCELERATING MODULES 31 superconducting cavities from four european manufac-
turers have been processed and tested [11], more cavities

Each acc_ele_ratmg o_td_ule contains eight 9-cell SUPErcon-¢ £,rther modules have been ordered. Cavities are tested
ducting niobium cavities and a quadrupole package. an, st in a vertical test stand in cw-mode, in order to have a

cavity has an rf power inputcoupler, two higher order mod uick check of their performance. After being welded into

output couplers, an rf pick up, and a mechanism to tu . : : . :
the frequency. They are operated at 2 K. The quadrupa ﬁ‘e helium tank, equipped with a motorized tuning system,

7 mance in the horizontal test stand in pulsed mode is com-
In early summer 1997 the first module has been assem:- P

. arable with the results of the vertical tests [12], and with
bled and commissioned successfully and has been oper ﬁéir performance in the module.
since then. An average gradient of 15MV/m has been es-

tablished with beam. An rf pulse length of 808 could ~ The cavity processing and testing revealed two ma-
be achieved with the design amplitude and phase stabifr reasons of the performance limitation. Some cavities
ity. According to the expectations, the cryogenic operashowed very good performances in most cells, but had one
tion showed very low static losses of only 6 W per modcell with a quench at very low gradients. This behavior
ule at 1.8 K. Different subsystems, e.g. low level rf concould be traced down to inclusions of foreign materials
trol and timing, were commissioned and used to produce®@ose to the inner niobium surface. Scanning the niobium
130MeV beam. For instance the rf control feedback sy$heets with the eddy current method prior to the cavity fab-
tem based on Digital Signal Processors showed an excéication is now a standard procedure at TTF and detects
lent performance. The amplitude and phase stability dutaclusions of at least 200m in diameter up to a depth of
ing the 80Qus rf pulse using the feedback system is betteép00xm[13]. One series of cavities from a single manu-
than 0.5% and 0%resp. [9], with an additional feed for- facturer showed a continuously decreasing quality factor

ward compensation the stability improves by a factor of 18°r gradients above 3 MV/m and quenches between 10 and
(Fig. 1). 15MV/m in all cells. With a temperature mapping sys-

tem all quenches could be identified and originate from
the equator welds. Optimization of welding parameters

[
al

—_ With Feedback and Feed:orward_ (OE) < 0.5% - . h P h
§ . CompensatioNE /rms ™ =272 and welding under very clean conditions significantly im-
= J=7 \J proved the performance, a test cavity from the same man-
€ 10 N only Feedback (g, ufacturer reached 25 MV/m wibut a quality factor degra-
& BN\ 5%
— in= E 00 .
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Figure 1: The accelerating gradient in a cavity as function : . ggg
of time during an rf pulse. The zoomed region shows the g %8
stability of the amplitude. 10° 1 [
0 5 0 15 20 25 30
A system based on stretched wires with micro strip read- E o IMVIm]

out [10] is used to measure cavity movements during the

cool-down and warm-up procedure. With a resolution oFigure 2: The quality factor as a function atcelerat-
10um it is able to verify alignment tolerances and redng gradient of those cavities measured in the vertical test
producibility during thermal cycles. The measured cavitywtand, which reached more than 20 MV/m. The gradient of

movements were found to be within the required tolerancéscavities is limited by a quench in one cell, cavities C21,
of 0.5mm. C22, C25, and S28 are limited by the available rf power.

4 CAVITY PROCESSING AND TESTING .
A summary of the performance of cavities tested so far

The facility is equipped with a fully operational infrastruc-which have reached a gradient of more than 20 MV/m is
ture to process and test cavities. It includes a complex shown in Fig. 2. It demonstrates, that the technique of
clean rooms, an ultra clean water plant, a chemical etcprocessing and operating superconducting cavities above
ing facility, and an ultra-high vacuum fuane. At present, 20 MV/m is established.
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5 RESULTS ON BEAM PARAMETER Physics, Helsinki; France: IN2P3 LAL Orsay, IN2P3 IPN Or-
MEASUREMENTS say, CEA/DSM DAPNIA/SEA CE-Saclay; Italy: INFN Fras-
cati INFN Legnaro, INFN Milano; INFN and Univ. Roma
After acceleration, the beam passes an experimental area Il, Poland: Cracow Univ., Polish Acad. of Science, Warsaw
to measure all relevant beam parameters such as beam cur-Univ., Polish Atomic Energy Agency, Univ. Mining & Metal-
rent, energy, energy spread, emittance, and bunch length. lury, Soltan Inst. for Nucl. Studies; Russia: JINR Dubna, INP
The beam current and the transmission through the linac Novosibirsk, IHEP Protvino; U.S.A.: ANL Argonne, Cornell
is measured by several toroids. The toroid system is able to UMV Fermilab, UCLA Dep.of Physics.
detect beam losses of 18, A beam with pulse length of [2] “Proposal for a TESLA Test Fality”, TESLA Report 93-1,
400us and a current of 5mA could be transported with a DESY 1992
transmission of 100 % through the whole linac. The energig] TESLA-Collaboration, ed. D.A. Edwards, “TESLA Test Fa-
measured with a dipole magnet was 130 MeV and thus con- cility Linac — Design Report”, DESY Print March995,
firmed the measurement of the gradient in individual cav- TESLA 95-01.
ities. Operation of the module at an average gradient @] J. C. Bourdon et al., “An Injector for the TESLA Test Facility
15 MV/m has been established. Linac”, Proc. of the 6th RF Superconductivity Conference,
A powerful method for beam diagnostics is the use of CEBAF, Virginia, 1993, p 1188;
transition radiation emitted from a thin aluminum foilbeing M. Bernard etal., “The TESLA Test Facility Linac Injector”,
hit by the beam. The bunch length was measured using Pr¢- EPAC'94,London, 1994, p 692
the coherent part of the transition radiation spectrum wittp] T. Garvey etal., “First Beam Tests of the TTF Injector”, Proc.
a Martin-Puplett interferometer [15]. From the measured PAC'97,Vancouver, B.C., Canada, 12-16 May 1997.
interferogram a bunch length of 1450.5 ps was deduced. [6] R. Brinkmann, “Linear Collider Projects at DESY”, this con-
Two other methods to measure bunch lengths have been ference, BRI1047.
tested: gating of a Josephson junction with transition radj7] “A VUV Free electron Laser at the TESLA Test Facility at
ation in the THz range [16] and measuring the frequency DESY — Conceptual Design Report”, DESY Print, June 1995,
spectrum of the transition radiation in the optical range TESLA-FEL 95-03.
[17]. [8] S. Schreiber, “The RF-gun based Injector for the Tesla Test
All three methods have the advantage in respect to con- Facility Linac”, this conference, SCH0938.

ventional streak cameras that they are able to measuregs v, Liepe, S.N. Simrock, “Adaptive Feed Forward for Digital
well much smaller bunch lengths in the 100fs as planned RF Control System for the TESLA Test Facility”, this con-

for the TTF FEL project. ference, SIM0604.
[10] C. Pagani et al., “Construction, Commissioning and Cryo-
6 OUTLOOK genic Performances of the First TESAL Test Facility (TTF)
Cryomodule”, presented at Cryogenic Engineering Confer-
It is planned to install two more acceleratingdules this ence, Portland, Oregon, Jul 27 — Aug 1, 1997.

y‘?af- The aim is to reach an qverage gradien_t of 20 MV/rﬁl] M. Pekeler, “Test Results on the Superconducting 9-cell
with module 2 and 25 MV/m with module 3. Itis also fore-" “cayities for the TESLA Test Facility Liac”, this conference,

seen to upgrade the injector with an rf gun for high bunch  pek1003.

F:harge (8nC). This will allow f_urther experiments Co_ncem'12] A. Gossel et al., “Vertical and Horizontal Cavity Test Re-
ing space charge and wake-field effects, and on higher or-"g,ts in comparison with Performance in the TTF Linac”,

der modes excited by the beam. Proc. of the 8th Workshop on RF Superconductivity, Abano
Furtheron, in early 1999 an undulator will be installed to  Therme (Padova), Italy, 6-10 Oct 1997.

perform a prOOf'of'p_“nC'ple experiment for the prODOSE’TB] W. Singer et al., “Diagnostics of Defects in High Purity Nio-
TTF FEL [18]. This is a free electron laser based on self “hiym”, in Proc. of the 8th Workshop on RF Superconductiv-
amplified spontaneous emission in the VUV region. ity, Abano Therme (Padova), Italy, 6-10 Oct 1997.

In add'tlon'_ an e>_<per|ment to recwculate_ a part of th(fl4] M. Pekeler, “High Gradients in Superconducting RF Cavi-
FEL laser radiation into the undulator to build-up a regen- “fies” in Proc. of the 8th Workshop on RF Superconductivity,
erative amplifier is planned. This amplifier would lead to  Abano Therme (Padova), Italy, 6-10 Oct 1997.
fully coherent VUV laser radiation withanarrowfrequency[lS] K Hanke DESY Print Oct. 1997 TESLA 97-14

band [19].
[19] [16] M. Geitz et al., “A Hilbert Transform Spectrometer using a

High Tc Josephson Junction for Bunch Length Measurements
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