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VERTICAL TEST RESULTS
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Abstract

The 3rd harmonic 3.9GHz accelerating cavity was
proposed to improve the beam performance of the
FLASH (TTF/DESY) facility [ 1]. In the frame of a
collaboratve agreementfFermilab will provid e DESY
with a cryomodule containing a string of four cavities. In
addition, a second cryomodule with one cavity will be
fabricated for installation in the Fermilab photanjector,
which will be upgraded for the ILC accelerator test
facility. The first 9 -cdl Nb cavities were tested in a
vertical setup and they  didn’'t reachthe designed
accelerating gradient [ 2]. The main problem was
multipactorin the HOM couplers, which lead to
overheatingand quenching of the HOM couplers. New
HOM couplers with improvediesign aréntegratedn the

a

ranges of the electromagnetic fieldin the initial design of
the cavity, the simulations show two dangr zones: the
first one ata level of ~1.5 MV/m is narrow. The second
zone is much wider and stronger and starts at an
acceerating field of 12 MV/m, just below the operating
levelat14 MV/Im[2]

The first MP zone was the major problem in vertical
test of the cavity #2. The attempts to proceste MP by
using long pulses oa CW regime caused damage of both
HOM couplers due tothe large RF power dissipatiorin
the HOM antenna . Cavity #3 with the same design
showed better performances. The low gradienMP zone
was processed pretty fadbut the MPin the second zone
was much strongerand we ¢ ould not reach gradients
higherthan 12 MV/m (Figure 1 ). Thermometry data

next 9cell cavities. In this paper we present all results of @lways shoved heating of the H OM coupler when MP

thevertical tests

INTRODUCTION

The 3rd harmonic ninecell 3.9 GHz cavity was
proposed to linearize the energy distribution along the
bunch before the bunch comm®or.Four of suchcavities
will operate at gradierit4 MV/m in the TM010 mode and
will be located downstream of thdirst TTF cryomodule.
Tests of the 3-cell prototype demonstrated accelerating
gradient of ~23 MV/m limited by thermal breakdown
guench. Afer thesesuccessful testawve started building
the final design: 9-cell cavities with HOM couplers and
ports for the main coupler andthe pick-up antenna. The
vertical tests of the first two cavities show edthe
multipacting(MP) problemsin the HOM coupler. [ 1].
Subsequengimulation studies confirmedand explained
test results. Based on these studiee proposd few new
designs of the HOM coupler to eliminatee MP problem.
The simplest solution was to trim the tip of the HOM
coupler antenna to reducthe electromagnetic fieldThis
solution was applied tothe cavitiesalready built. Cavity
#3 was retested after that modification and shoed the
ultimate accelerating gradient for this design. We now
have four cavities with modified HOM couplerstwo of
them were testedsuccessfullyand theother two arebeing
prepared for testingFour other cavities with completely
new HOM co upler are under construction and will be
ready soon.

PREVIOUSTEST RESULTS

Analysisof the thermalbreakdownproblens observed
in cavity #2 and #3 and the multipactor analysisclearly
demonstrated that the MP problemis in the HOM
couplers MP conditions exist only in some particular

took place[3].
6.E+09 | —=—QvsE.2007.01.17. |
5.E+09 'I\L\ |
4.E+09
o

3.E+09

2.E+09

1.E+09

|Eacc, MV,’mI
0.E+00 ' j
0 2 4 6 8 10 12 14

Figure 1: Thermal breakdowin the HOM couplers of the
cavity #3 limits accelerating field at ~12 MV/m.

Decreasing the field in the HOMs is one of thessible
solutions to eliminate the multipactor Since the end-
assembliesor the nextthreecavities(#4, #5 and #6 were
already wéded, the easiest solution was to trim the tip of
the HOM coupler formtile. The trimming reduce s the
electricfields in the HOMthanks tawo main factors:

- Slightly reduced RF coupling at 3.9 GHz.

- Shifting of the second HOM resonance frequency

away fromthe operating frequenchy afactor of two.

HFSS calculations shova decreaseof the field in the
HOM by factor of 2.5 aftetips trimming (Figure.2 [4]
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Figure 2: Surface Hields and resonance frequency of the
HOM before (left) and after trimming ofi¢ tip.



The trimming of the HOM tips was tested first with a

Then HOM antennasleaned by 5 BCRwere installed

spareHOM. The workmanship waisspected visually and and notch frequencies of both antennas were tuned

carefully and after achieving acceptable results , the
trimming technique wasmplemented totwo pairs of the
end asemblies with HOM couplergFigure 3). Then the
assemblies were shipped to JLAB for weldingwith the
rest of cavity #4. After successful tests of cavity #4, we
made the same modificationsto the end-assembliesof
cavities No.5-6 and trim the HOM antennas on  the
already built and &ed cavity #3.

Figure 3: HOM formtile tip after trimming.

COLD TESTSOF THE CAVITY #4

The welded cavity # 4 was shipped to Fermilab for
furthertreatment. After  thes tandardsequence of
treatmens such as mechanical inspection, RF tuning,
Buffered Chemcal Polishing (BCP), 800°C baking and
High Pressure RinsindHPR) the cavity was installed in
the vertical cryostat focold tess.

The first test took place on April 6™, 2007. Despitea
small He leak a residualsurface resistancef 20 nQ and
an acceleating field of 20 MV/m werereached.Thermal
breakdowss were ob served in both HOM couplers
presumablydue to theHe leak. Subsequentlyhe leak in
the main coupler port flange vacuum sealssdiminated,
the cavity was “baked” at 15 and tested agaion April
13". The cavity reached an accelerating field2s MV/m
limited by xraysemissionFollowing additional HPRthe
cavity was tested again  on April 21 * reaching an
accelerating field of 23 MV/m and a quality factor of
3*10° limited by a quench inthe cavity. There was no
evidence of quench in the HOMouplers. Results ofthe
Q vs. T masurements are shown in Figure.4
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(Figure 5. Qext of the HOMs at operating frequency of
3.9GHz wereabout 2*16%

The last test of cavity #4 with the installed HOM
antennas was done on April 36 An accelerating field of
23 MV/m was reachedn the pulsed regime limited by a
quench in the cavity (Figure #6).
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Figure 5: Cavity #4 with HOM antennas installed.
Transition S21 after notch frequencies tuning.
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Figure 6: Cavity #4 vertical test results.
Testin CWregime
In pulsed regimethe accelerating field of ~22 MV/m,

was limited by x-rays In CW regime we reached 12
MV/m, limited by quench in the HOM antenna t{pig.7).
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Figure 4: Cavity #4: Results of Q vs. T measurement at Figure 7: CW measurements of the cavity4 with HOM

low field level.

antennas installed.



The pwer extracted by the HOM coupler wasydow
and external Q of the HOM couplerexceeeéd 102 This
demonstrate good stability othenotch frequency.

The b roadband HOM coupler antenna designed
spedfically for this application hasa good transmission
up to 12 MHz (Figure 8). Sapphire ceramiwindow and
high RRR Nb antenna tip allosus toreach 12 MV/m in
CW operationSince we fear thaa 5um materialremoval
by BCP may notbe sufficient, we plan touse 2Qum pre-
etched Nb tips for the production of the new HOM
antennas
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Figure 8: HOM antenna with sapphire window and Nb
tip.

COLD TESTSOF THE CAVITY #3 AFTER
TRIMMING OF THE HOM TIPS

After the successfutest of cavity#4, it was decidedto
trim off the HOM tips of thecavity #3. Mechanically this
solutionwascomplicated by thelimited aceess to the tips
andthe possibility of contamination of the cavity

After a first HPR, light BCP and then a standard2
hous HPR, the cavity was installed for a vertical cold
test.In the first test, a ~24 MV/m accelerating field was
reached limited by xays. Formeasurements a9 mode
thequench was reacheth the middle cell while at 8179
mode the quench was reached the bottom endcell. In
both modesthe surface fieldwas approximatelyl20 mT
(Figure 9).
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Figure 9: Cavity #3 vertical test 200B.11.
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A f ast thermometry sy'em developedat Fermilab [3]
was a very useful instrument fothe investigationof the

breakdown problems in the HOM couplers and cavity
(Figure 10)

Detectable x-ray was observed at the operating
acceleration level of ~14 MV/m. After additional HPR,
the cavity was retested again on May 2% reaching the
accelerating field of ~22 MV/m with a lower level of x-
rays.
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Figure 10: Fast thermometry shows quench in the
bottom cell in “8Pi/9” modes at 120 mT surface cell.
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Figure 11: Cavity #3 vertical test results after trimming
of the HOM coupler tips.
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