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Abstract 

We report about feasibility studies of a proposed 3 
GHz recyclotron using 20 cell rf structures of spheri- 
cal shape. As first step a 5 cell Nb cavity was fabri- 
#cated by deep drawing and eiecn-on beam welding. Only 
chemical etching was used as global surface treatment. 
After detection of the breakdown location by a resistor 
network we applied a local mechanical grinding tech- 
nique. An accelerating field of E,,,= 5.6 MT/m at &o = 

3.2.109 was reached after t;ro mechanical treatments. 
These results slightly exceed the design values of the 
recyclotron. No multipacting was observed, indicating 
that the spherical shape effectively suppresses this 
t--e of field limitation in multicell structures. 

Introduction 

The proposed 130 MeV recyclotronl is a cw electron 
accelerator for use in ncclear physics research. It 
consists of lo superconducting linac structures and a 
three pass isochronous recirculation system. An acce- 
leratlng field of 5 MV/n is designed for the one meter 
long units working at 3 GHz in the n-mode. At the ope- 
rating temperature of 1.9 K we aim at an unloaded qua- 
lity factor of Q, = 3-109. The cells of the rf struc- 
ture are of spherical shape. According to computer si- 
mulations of electron trajectories this cell geometry 
should be free of multipacting'. This is in agreement 
with measurements at single cell spherical cavities3". 
Experiments, however, show that in multicell structures 
multipacting can be a much worse problem.compared to 
iden'ically shaped single cell cavities5. A five cell 
structure seems suitable to s:udy this multicell pheno- 
menon. 

This struc:ure can also be used to gain experience 
with cheap fabrication techniques and to find a prepa- 
ration procedure as simple as possible. Nb cavities are 
usually fabricated by machining or by forming sheet ma- 
terial. In further treatmeats they are processed by a 
combination of chemical polishing, electropolishing 
high temperature firing, oxipolishing and rinsing. We 
used deep drawing for fabrication and tried to restrict 
the preparation to chemical polishing and rinsing. 

Fabrication 

The fabrication of the cells is done in several steps 
(Fig. la). First, a disc (0 150 mm) of 2 mm Nb sheet ma- 
terial (Kawecki) is formed by deep drawing to an ash- 
tray like CUT. The cups are annealed at 1loooC and the 
surplus material is cut away. deviations of the opening 
from an Ideal circle are less than + 30 urn. At next the 
iris aperture is deep drawn. After a short chemical po- 
lishing the cups are welded together by an electron 
beam. In a set of 19 cells 17 showed a resonance fre- 
quency in an interval of 3.5 MRz giving an upper limit 
for Vypical variations of the cell diameter of + 45 urn. 
Individual chemical polishing (So--203 urn! of the single 
cells adjusts *he right single cell resonance frequency 
within 300 KI!z. 3efore the final welding the field fiat- 
ness is measured and op+imized by permutation of t:?e 
cells. A field unflatness of less than ? 2% was 
achieved. Deep drawing, mac:?inir.g and electron beam 
welding was performed at Interatom GmbH., Bensberg. 

Experimental Set-i& - 
The five cccl Nb cavity together with the mechanical 

support-system, the microwave probes and the vacuum 
pump line is shcwn in Fig. lb. The superconducting re- 

iris a 1 

iris*6 

b) SMA connector 

Fig. 1: a) steps of fabrication of one cell 
b) test set-up for the 5 cell structure 

sonator was tested in the temperature range 05' L.2 K to 
1.7 K using a conventional vertical r;e-bath cryostat. 
The cavity was evacuated by an ion getter pump in a per- 
manent vacuum system except for the first six tests 
where we used the pinch-off technique. The rf properties 
were measured by observation of the reflected and trans- 
mitted microwave signals. 35 carbon resistors (loo I? 
Allen Bradley) were arranged around the iris and equa- 
torial welding seams to localize the breakdown region. 
To increase the sensitivity for the detection of heat 
pulses these measurements were carried out in subcooled 
Helium6. 

The rf properties of the five cell structure were 
calculated with m7 giving a geometry factor of 293R, 
enhancement factors E,,&/Eacc = 3.0, Hpeak/Eacc = 41. 
G/(MV/m) and a normalized shunt impedance r/Q = 2oS/cm. 
The frequency of the accelerating n-mode is 3.00 GHz, 
the cell-to-cell coupling 3.8%. 

Experimental results 

After fabrication the 5 cell structure was chemical- 
ly polished (CP) in 33% vol. HF (48%), 33% vol. HN03 
(65%) and 33% vol. H3PO4 (85%) for 60 set at room tem- 
perature removing about 15 urn of I%. After cleaning 
(see Table 1) the cavity was mounted in wet condition. 
Pumping for two days resulted in a vacuum of better 
C,han lo-8Torr when the cavity was pinched off. After 
some hours in test 1 the cavity showed a gas discharge 
breakdown, . obviously due to a Helium leak. Therefore, 
the cavity was flooded with clean N2 and the leak was 
fixed for test 2. Before test 3 the resonator was moun- 
ted upside down. All three tests showed almost the snme 
results: 
3.108. 

an accelerating field of Eacc = 2 MV/m at Q. 2 
The field was limited by quenching. A reproda- 

cible Q-switch of 205 occurred at E,,, = 0.22 MY/m, pro- 
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Test Treatment Q. at E +cc ,max Location of Remarks 
E acc,max :MV/ml breakdown 

1 

2 

3 

L 

5 

6 

7 

8 

9 

10 

11 

12 

13 

CP lj, H20, H20+H202+US, Meth., 
pinched off 

opened, flooded with N2, 
leak fixed, heated 1ooCC 

warmed up, mounted 
upside down 

CP 50, H20+US, Meth.+US, 
heated loooC, pinched 33 

local grinding Iris 5, CP 'o,H20, 
Meth+US, heated, pinched off 

warmed up, u-metal shielding 
mounted 

E20, Acct., M&h., 
continucusly pumped 

local grinding Irises 2a,5,6 
CP 20, E20, Acet+US,Meth., pumped 

warmed up, pumped 
for 14 days 

local grinding Iris 2b, CP 20 
H2O+US, Acet+US, M&h., pumped 

warred ug 

fired at 13ooOC for 5 h, 
dry mounted 

CP 20, HpO+US, Acet+US, 
Meth. 

3.108 

3-d 

3.4-108 

-5.107 

2.1-108 

9.108 

1.10109 

3.2.109 

3.2.109 

3.2-109 

3.2. lo9 

4.108 

4.5.109 

2.1 

0.5 

3.1 

3.1 

4.2 

5.6 

5.6 

5.5 

5.3 

5.7 

5.7 

He gas discharge breakdown, 
leak problems, PBM, Qsw 

QSW 

QSW 

Iris 5 

Iris 5 

first test with resistor network 
Qsw 

Iris 5 first test with mag. shielding 
only breakdown field+Qo measured 

Iris 2 l.oc.a,first test with continuous prnp- 
ing system, QsK 

Iris 2 1oc.b 

Iris 2 1oc.b 

Iris 4 leak problems, FBM 

flange tightened, leak tested 
resistor network not mcurted 

Iris 3 bad rf connector caused leak pro- 
blems, PBM, IY" 1 m.F/'h 

resistor network not 
mounted 

Table 1: Measurements of the 5-cell spherical structure, f,-mLode = 3.00 GHz, T = 1.7 K. 

CF 15 = 15 urn chemical polishing; H20, Meth, . . . = rinsing in H20, Methanol,...; 
US = ultrasonic cleaning; PBN = excitation of pass band modes; Qsv = Q-switch observed, Iy=y-intensity 
outside cryostat. 

ducing a step in the &o vs. Eacc plot (Fig. 2). These 
disappointing results were believed to be due to a sur- 
face damage layer, as observed in machined cavities. 
"herefore, the resonator was CP by 50 urn resultin in 
even worse values of Ea,, = 0.5 MV/m at Q. = 5.10 -7 . As 

detected by the resistor network the breakdown occurred 
at iris 5, where two dark spots were present already be- 
fore the 50 urn CP. Most likely these defects were holes 
looking dark due to shadow effects. According to good 
results with ground welds 8 we used an abrasive wheel 
(CRATEX, USA, rubberized abrasives, Nr. 74, extra fine) 
in connection with a dentist's-like motor drive and 
ground an area of about 1.5 cm2 until the dark spots 
disappeared. This treatment was followed by CP of lo urn 
only. Now the structure showed an improved breakdown 
fiel,d of Eacc = 3.1 Wv/m at Q. = 2.1-108. Up to this 
test no magnetic shielding was used. To exclude the de- 
gradation of the cavity Q due to frozen-in earth mag- 
netic flux, the structure was warmed up and a u-metal 
shielding (CRYOPERM, Vacuumscbmelze Hanau) was mounted. 
In fact the Q. improved to 9.108 at the same breakdown 
fLeld. For the next test we only cleaned the resonator 
by a rinsing procedure which this time also included 
Acetone.The structure was connected to a continuous 
pumping system and showed a further improved breakdown 
field of 4.2 MV/m. Motivated by the first successful 
grinding we now applied this technique at the new break- 
down areas followed by 20 urn C?. In test @ the field in- 
creased to E,,, = 5.6 &W/m at Q. = 3.2.709. A third 
grinding did not increase :he performance but the 
breakdown now ocxrred at iris 4, which could not be 
reached with ou‘ present tool. At this point in the 
series nf measurements the nroposed design values have 
been reached by simple fabrication and preparation tech- 
niques. We now heated the stricture at 13oooC fsr 5 h 
(Karlsruhe furnace) to investigate whether this moderate 

firing could further improve the obtained results. Tests 
12 and 13 showed that this Teas not the case. 

During all the measurements the y-intensity outside 
the cryostat was monitored ;rith a sensitivity of 
0.01 r&h. Only in tests suffering from vacuum prob:lems 
y-radiation was detected. The highest intensity of 
Iy= 1 mr/'n was ojserverl d-uring test 12. 

Influenced by the success of local grinding and by 
the observation of imperfections at or near the break- 
down location, we investigated a piece (150 mm x 150 mm) 

of our Nb sheet material by a Secondary Electron Micros- 
cope (SEM). On that piece 18 of these imperfections 
could be found by eye, which all showed up to be small 

holes with typically 0.2 mm in diameter and depth. For 
the SEM inspection the piece was cut into small samples 
(lo mm x 20 mm) and treated by loo urn CP and rinsing. 
Around all holes numerous etching pits are accumulated. 
In two of those etching pits contaminations of Fe and Zn 
were detected. 

Discussion 

It was one aim of our measurements to icvestigate the 
multipacting behavicur of multicell spherical cavities. 
Usually multipacting manifests itself by an additional 
power absorption at distinct field levels which may fi- 
nally limit the maximum achievable field strength. No 
such phenomena were experimentally observed. The maxi- 
mum cavity fields were determined by TJecching. This is 
caused by a local thermal instabilitjr as indicated bx 
the observasion of pre-breakdown heating. Some measure- 
ments showed vacuum problems due to a cold leak. During 
these tests other passband modes were excited and irre- 
gularities could be seen on the rf trace in a broad 
field racge. These phenomeca changed with time in an 

unsystematic way and never shoved resonact behaviour. 
3223 
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Fig. 2: Plot of Q. versus accelerating field for diffe- 

rent measurements. The numbers correspond to 
the test numbers as in the table of experimen- 
tal results. Arrows indicate Q-switches. 

Furthermore, they disappeared at high field levels, 
especially near the quenching field. In test 12 the 
cavity vacunn was controlled by an additional pump. The 
described phenomena could be switched on and off with 
decreased or increased cavity vacuum. We therefore con- 
clude that the cur&x effects were always due to He- 
gas in the presence of electric fields. 

The influence of frozen-in earth magnetic field on 
the rf losses of the cavity can be seen as difference 
in Q. for test 5 and test 6. This loss mechanism is 
well known but reported valuesq'10 fcr the additional 
surface resistance are not conformable within a factor 
of ten. We measured an increase of the surface resis- 
tance by 10-h in agreement with ref.lo. Shielding the 
ambient field to less than 30 Milligauss resulted in 
residual Q. 's of up to 6.109 so that we did not investi- 
gate this question further. 

Two different Q-switches (Fig. 2) at distinct field 
levels (at 0.22 MV/m in tests 1,2,3,4; at 0.5 MV/m in 
test 7) were observed. The one at 0.22 MV!m disappeared 
after the first grinding, the other one after the 
second grinding. In test 7 the Q-switch at 0.5 MV/m 
could be localized by the resistor network in the area 
of bres.kdoGm (iris 2, location a). We therefore conclude 
that the Q-switch and the breakdown are initiated by the 
same lccal defect. 

The most interesting result iS the improvement of 
the breakdown field after local grinding the breakdown 
area. This indicates that the local property of the 
bulk material determines the breakdown field rather 
than the general condition of the surface. The inspec- 
tion of the cavity surface by an endoscope showed about 
lo of the described imperfections in the region of the 
irises. It is remarkable that such holes could be found 
at or nearby each of the detected breakdown areas. The 
resoluticn of the resistor network, however, is not 
sufficient to definitively exclude an accidental coinci- 
dence. The two inclusions found in the SEM investiga- 
tions had a diameter of about 4 urn. Comparing with ther- 
mal instability calculations'l it is not obvious whether 
imperfections of this size can produce a breakdown in 
the observed field range. 
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Due :o the geometry of the grinding tool only a 
small ring of about lo mm width around the iris could 
be ground. This area shows high electric and reason- 
able magnetic fields. The increase of the breakdown 
field by grinding only this area demonstrates that the 
location of breakdown need not necessary be in the peak 
magnetic field region. This suggests that a combination 
of electric (dielectric) and magnetic heating initiates 
the thermal instability. Recent measurements of a 500 
MHz spherical cavity at CE:RN!* using an elaborate rota- 
ting resistor network support this hypothesis. 

Conclusion 

No multipacting was observed in the 5 cell spherical 
cavity in all five passband modes. We therefore con- 
clude that also for a reasonable tuned 20 cell struc- 
ture multipacting should not be a problem. A maximum 
accelerating field of 5.6 MV/m at Qo = 3.2~109 has been 
obtained with chemical polishing, rinsing and local 
grinding of the observed breakdown areas. Our measure- 
ments indicate that imperfections which are already 
visible on the sheet metal are possible breakdown lo- 
cations. In the construction of the 20 cell cavity we 
therefore locally ground the material during the first 
steps of fabricaticn. 
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