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Abstract measured is even 24.6 MV/m, 3 of them showed gradients
Eacc > 28 MV/m(seeFig. 1). The main limitation now
The design goal of the 1.3 GHz 9-csllperconducting js field emission. It is remarkable, that all 4
RF cavities for the Tesla Test Facility (TTF) igj@dient manufacturersieliveredcavities with gradientshigher or
Eacc> 15 MV/m at a qualityfactor of Qo= 3-1®. The ¢lose to 25 MV/m.
cavities are operated irpulsed mode:0.8 ms constant However at the time of selecting tieapturecavity and
gradient with 10 Hz repetition rate. the 8 cavities for module 1, only 4 cavitieere available
After the vertical acceptancetest and prior to the with gradients > 15MV/m. 5 cavitieswere limited by
assembly in the linac the cavities are tested in a horizontalench below 15 MV/m in the vertical teseetable 1).
cryostat fully equippedwith helium vessel, higlpower The reasons fothis limitation were found as foreign
input coupler, higherorder modes couplerand tuning inclusions in the materiandimproper cleaning ofveld
system. After installing module 1 the first 120 MeV area before welding[3,4]. In the fututieis type ofdefects
beam has been delivered successfully. will be excluded byeddy current scan ofall niobium
We report about theneasuredesults in vertical and sheets and by the current fabrication method.
horizontal tests, the processing of theperconducting
cavity system in the firstnoduleandthe performance of Table 1: Cavity performance during vertical and
the cavity systenbefore, duringand after operating the horizontal testsandafterinstallation into the linac. The
linac. numbers are the gradients in MV/m. The 1. linac test was
done beforeand the 2. testafter 3 month of linac
1 INTRODUCTION operation. At the vertical test thiissipated power is set
In order toprove the technical basis of TESLA[1] theto 100W inorder tocompare the cw measurement in the
TTF (TeslaTest Facility)[2] was established at DESY Vertical test with the pulsed measurement (duty cycle 1%).
within the frame of an international collaboration. In Mayj vertical | horiz. |linac |[linac | linac
1994 theinfrastructure wageady to prepare antest - est  [test 1 test | 2. test | 2. test
superconductingcavities. Twenty-seven 9-cell cavities, | cavity | Pdiss | Pcryo | Pcryo | Pcryo | Pcryo
manufactured byour different European companidsave <100W} <1W__| <IW <IW_| <3W

been processed and measured so far. D3 25.3 21.0 15.5 19.1 19.5
9 cavities from the first productioare operating in the | S8 12.5 16.0 11.9 11.9 12.5
TTF linac and 8 more cavities are now being installed. |hS10 14.2 13.4 13.2 14.7 15.9
end of 1997 26 more cavitiegere orderedwhich are now | D1 21.3 19.0 21.0 23.1 23.5
underfabrication or final processing. Two of thehave [D2 17.7 23.5 23.6 24.5 25.6
been measured already. S11 13.5 17.3 12.9 11.8 13.4
D4 13.3 13.5 11.5 12.4 13.5
2 CAVITY TREATMENT S7 12.6 - 11.3 12.2 13.2

The standarccavity preparatiorbeforethe vertical test €19 196 19.0 12.7 = .
sum 150 155* 134 142t 1511

consists of the following steps: §n removal from the -
inner surface by buffered chemical polishing (BCP), a 2 h2Yerads 16.7 | 17.2 148 | 1581 16.8]
heat treatment (HT) at 800 °C, a4 h HT at 1400 "C witly 2 test result faken from he vertical test

titanium getterandadditional100 um removal byBCP. ' estresult taken from the 1. test ot finac

The cavity is therrinsed with high pressure(100 bar) 4 HORIZONTAL TESTS

deionized ultra pure water. After welditige He-tank and
prior to the horizontal test a 20m BCP and ahigh 13 cavities for module 1, injectors and first for the module

high-power-coupler, HOM-couplerguning mechanism
3 VERTICAL TEST RESULTS and magnetic shielding)were tested in ahorizontal

cryostat. Because of the lowsQof the highpowerinput

The average gradient dhe 27 cavitiedested so far is coypler only measurements in thpulsed modewere
19.5 MV/m. Theaverage gradient dhe last 13cavities
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possible (50Qus rise time and 80(s constant gradient at (Fig. 2). At 34 MV/m a quench occurred. In the vertical

a repetition rate of 10 Hz) test, this cavity reached25 MV/m, limited by available
power.
35; ] Cavities showing strong field emission can be further
30 1 improved by applying HPP[5]. For this purpose, short
' TESLA qoid ®* *e o pulses of high instantaneous powsb@0 s, up to 1
'g' 25 904 o2 MW) are applied to destroy field emitters. The power
= _— % coupler has to be carefully processed up to 1 MW, which
§ 20, e e 1 may take several days. Due to a tight time-schedule HPP
= 5 TTF goal - was not always applied during the horizontal test.
Q I m am | g ]
8 | LI ]
Ww 10 . - 5 PROCESSING OF THE MODULE 1
5 [ = fimiedb h - 1 i i
| o limited by amplifie ol High power input coupler
1995 ‘ 1996 o 1997 : 1998 The two types (Fermilab and DESY design) of high

below 15 MV/m before mid '97 are due to fabricatioHVindOWS' The coaxial window near the cavity at 70 K and
errors the room temperature window in front of the wave-guide

(Fermilab) or as a part of the wave-guide to coax

These 13 cavities reached an average gradient of 1grgnsition (DES.Y) outside the  cryostat. T.h e coupler
vacuum of all eight couplers on the module is connected

MV/m in the horizontal test compared to an averagea

radient of 20.3 MV/m in cw mode in the vertical tesl‘rjmd pumpe(-:i-byallcommon ion getter pump.
g All 8 cavities in module 1 are driven by one 5 MW

stand. In the horizontal tests, field emission has be . ST . .
fg]ystron. A linear RF distribution system is branching off
i

observed higher intensities. The reason is probab] tical t of ¢ h itv by directional
particle contamination due to the more complicate entical amount of power for each cavity by directiona

assembly and the processing of the main power couplgf’.Uplers'
The higher field emission loading is responsible for th§.2 Processing couplers and cavities
slight degradation performance. _

The performance of the cavities selected for module 1 The TESLA design parameterscall for a transfer of 206
are listed in table 1. Three cavities (D2, S8, S11) showkW peak RF power per cavity to the beam with a pulse
a higher field in the horizontal test under pu|sej_)er_19th of 1.3 ms and arepetition rate of 5 Hz._ _In a_dd|t|_0n
conditions than in the vertical cw test. This is most likelyt IS also foreseen to apply HPP to the cavities in situ
causedby the slow thermal development of the quench'48ich requires1 MW at a maximum pulse length of 500
compared to the rf pulse length. The other cavitigdS and at a repetition ragel Hz. Therefor the couplers
sufferedfrom higher field emission or stayed constant. have to be conditionedto this limits.

101 ‘ The coupler processing procecatr@ TF starts with the
. X owtest ] cavity and coupler at room temperature. Therefor gases
L Sl e oyt released by RF stimulated desorption can be pumped
X % : 1 away. In the beginning of the conditioning the cavity is
R off resonance. The first power rise (dependent from the
Qo 10 - o o vacuum pressure and and light in the vacuum) is done
i s with a pulse length of 2Qus, then the pulse length is
/' 5] doubled for the next power rise and so forth. At the full
/l TESLA goa 1 pulse length the power is sweeped for some hours. After
TTF godl this the cavity and coupler are cooled down and the same
10° ‘ AR A processing procedusecarried out again. The last part of
0 5 100 15 20 25 30 3b processing is done with the cavities on resonance.
E_ [MV/m] .
ac 5.1. Processing results on module 1

Fig. 2: The best horizontal test so far. The Q values
during the pulse tests are calculated from the cryogenicPue to limited time the processing of couplers in
losses. The cw measurement from the vertical test f8odule 1 was restricted to 200 kW and 6@8. The
given for comparison. processing of the coupler on the module at room
temperature was done attwo couplers at a time in order to
The best cavity tested so far in the horizontal tegfistinguish the vacuum reactions in the common coupler

cryostat reaché&8 MV/m with a quality factor Q = 4.-80 vacuum. It was always observed, that initially it is
possible to rise the power very quickly without being
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limited by outgassingelectronsignals or light.After a 10"

]

sudden burst of outgassing on the couplde ofthe cold 1 ° gg
window at atypical power level of 50 - 100 kW many S . o Co3
hoursare needed tconce agairreachthe earlier achieved ’W@& & & S'Sjgi&wojv% By, s C24
power level. Oncethe maximumpower of 200 kW is LABAAA A A A 4 Af +, Co 0%8& Z 8%2
reachedor the shortest pulse length tipewer rises for QO 10%°. Amﬁ# © o% 4 o co7
longer pulses are straight forward. After about 48 to 72 h MZ:*ﬁ o9 rOALS
only one multipacting level at 125 kW is visible at the I o i
charged particle detectors. But the signals are smaller by a
factor of 10 compared tthe first processing hours. A
second multipacting level at 65 kW is processed away. 10%

When the module wasooled down tothe operating 0 5 10 15 20 25 30
temperature of 1.8 K the same procesgirageduretook E. . [MV/m]

place. All multipacting levelsvere processed after 30 h.
The temperatures of the Fermilabld window increased
due to dynamic losses by about 5 K. Due tfalaication
failure during brazing metallization of theold DESY 8 CONCLUSIONS
windows occurred. This causes a much stronger

temperature rise of about 100 K whidbesnot effect the Gradients well above 20 MV/m have been
coupler behaviobut createshigher losses at the 70 K demonstratedwith 9-cell TTF cavities. Excluding only the
shield circuit of the module. cavities with a well identified fabrication error, the average

When the cavities are on resonance the field distributigifadientof 13 cavities is 24.6 Mv/m. _
in the coupler differs from the off resonance figfflection _ The highest gradientin the horizontal cryostat with a
condition. An additional processing is necessasfter [Ully €quippedcavity was 33 MV/m.

only a few (1-5) more hours the couplensere fully _The main Iimitgtio_n is fiek_j emission,_ in(_iicating the
operational without limiting the cavities. Ninterlock high standardof niobium quality and fabrication methods.

eventswere observed up tthe TTF operating power of Further progress in gradientcan be expectedby improving

125 kW during the first 30 days of operation time. After &!€anliness during final treatment and assembly.

few days power off time no new processing waeded to ~ 1he first beam of 8 mA has been successfully
operate the module again. accelerated. The average gradient of the first 8 cavity

module is limited by one of the above mentioned cavity.

6 OPERATION OF THE CAVITIES IN Further improvement of the gradient is possible by
THE LINAC optimizing the RF distributian

A slight reduction in gradient from horizontal test to

N " module operation was observedand is causedby high field
measured again individually under pulsghditions.Here  gmission loading. It shows that improvements in clean

the capture cavity C18howed areducedperformance due assembly and coupler handling is still necessary.

to field emission loading (Tab. 1). The 8 cavities mounted

in the module 1 reached almost the same results as in the REFERENCES

vertical tests. One cavity D3howed aslightly higher,

one cavity D3 a slightljower gradientcaused by field [1] Conceptual Design of a 500 GeV'es Linear

emission. Collider with integrated x-ray Laser Facility, Ed. R.
Operating all cavities with one klystramd auniform Brinkmann, G. Materlik, J. Rossbach, A. Wagner,

power distribution the modulperformance idimited by 2] 8iSYEé\?vizag@'l"IESCLZATlgg'IZ_IlzizélLITY LINAC -

the worst cavity. Therefor thguench ofcavity S7 limits e .

) . Design Report', TESLA 95-01, 1995.
the maximumgradient ofthe module 1 to 12 MV/m at |31 \v_ Singer et. al.: Diagnoses of defectsin high purity

Fig. 3: Vertical test results of the 8 cavities selected for
module 2.

After installation in the linac the cavitiesvere

the full pulse length of 80Qus flat top and 10 Hz niobium, Eighth Workshop on RF
repetition rate. For shorter RF pulses of 3G0rise time Superconductivity, Albano Terme (Padova), ltaly,
and100 us flat top at 2 Hz repetitionate acceleration 1997.
gradients of 16.7 MV/m were obtained. [4] A. Brinkmann et. al.: Performance degradation in
several TESLA 9-cell cavities due to weld
7 CAVITIES FOR MODULE 2 imperfections,  Eighth  Workshop on RF
In Fig. 3 the vertical test results of the cBvities fgg;rconductwny, Albano Terme (Padova), ltaly,
forseen for the module 2 are shown. The module 2 will J. Graber, Ph.D. thesis, Cornell University, 1993
installed in the linac byend of September'98. The [6] M. Champion, Seventh Workshop on RF
expected average gradient for this moduk2i@ MV/m. Superconductivity, Gif Sur Yuette, France 1995.
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