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Summary

A superconducting S-band RF particle se-
parator is under construction which will be
used at the CERN 300 GeV proton synchrotron.
It is fereseen to separate particles up to at
least 30 GeV/c momentum. We give a summary of
quality factcrs- (Q) and peak magnetic field
(Hp) measurements on several test-deflectors.
A sequence of surface treatments including
electropolishing, anodizing and an UHV-anneal-
ing around 1850°C allowed us to ottain in a
reliable way Q- and H —valges well above our
minimum requirements QSX1O and 310 Oe respec-
tively). The highest values hitherto obtained
for the (high-field) Q and Il are 4,3x109 and
510 Oe corresponding to a mean deflecting
field of 3.3 MV/m. The effect of repeated
cooling cycles under vacuum and exposure to
clean air or methancl was found not to be cri-
tical for our range of Q and Hp. The surface
resistarce depends linearly on an external dc-
magretic field whereas the dependence on the
RF field level is much more complicated. With
our surface treatment and our deflecting modes
rultipacting presents no protlem. Ereakdowns
are rearly always caused by magnetic fields.
The frequency tuners foreseen are described.
Fine and coarse tuning will be done by separa-
ted tuners. They have been tested successfully
up to G-values of 109 and peak fields of
300 Oe. Finally a computer program has been
written allowing the calculation of multiperi-
odic deflector modes. An exemple is shown and
compared with a m-mode for uniform periodic
structures.

I. Introduction

At Xarlsrune a superconducting RF-partic-
le separator is under construction which will
be used at the CERN 300 GeV proton synchrotron.
It has to be installed in a separated particle
beam foreseen for the big counter system Cmega
ana it is expected that a gain in detected
¥~ -, K*¥- and f-irtensity of least 10 with
respect to an unseparated beam will te pcssi-
ble.! The separator will be operated at S-band
frequencies (2855 MEz); its two uniform-peri-
cdic nictium-deflectors will work in a w/2-
rnode and will have an effective length of
.73 m, ccrresponding to 104 cells. The inter-
cavity distance will te S0 m allcwing, with a
nean deflecting field of 2 MV/m, separation up
tc 30 Gev/ec. This range could be cxtended %o
GeV/c if deflecting Fields of I MV/m ccould
obtained, {(corresponding tc a peak magretic
field of 10 Ce and a peak electric field
22 /=), In order to avoid thermal breglk-
vwns an urloaded (-value of at least 5%10
+o be reached for deflecting fields of
2 MV /m.
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Several test-deflectors have teen designed,
constructed and tested during the two past
vears.2*? This experimental program allowed
to fix by now all impertant parameters, the
fabrication ard welding technigues and the
surface treatments to te applied. After the
excellent performance of the test—dgglectors,
we decided to start the fabrication of the
first 3m deflector which is due to arrive in
March 1973. Its cells are machined out of so-
1id nicbiurn*?, then welded topether around the
outer diameter. The mode degeneracy typical
for deflector modes (dipole-modes) has been
avoided by an elliptic inner eross-section.?
Each 3m-deflector will consist of 5 sections
cf atout 60cm lerngth which will be joined to-
gether at the position of a field free cell.
The lenpth of the sections is limited by the
requirement that prior to their mounting a
therral treatment in our UIIV, high-temperature
furnace with a useful volume of 20cm diameter
and 60cm length has tc be applied.

us

II.

Ir Table 1 we summarize some results.
From these measurements on separator struc-
tures we conclude:
1. The application of a high temperature an-
nealing is absolutely essential in order to
obtain the required (-values and peak fields
in cavities with welded joints and complicated
geometry. No satisfactory results were ob-
tained before a firing in a high-temperature
furnace. Wether a temperature as high as
18500C or vacua of the order cf 1079 Terr are
essertial is not yet clear. A repeated appli-
cation of a high temperature annealing tends
to inerease markedly Q¢ but only slightly Hp.
2. The high-terperature annealing (HTA) has
to be combined with an electropolishing® (EP)
treatment. Our most successful surface treat-
rent uses two seguences ‘FP-HTA’. A first EP
of 10-25 um cleans thne niobium surface for the
“gllowing FTA, hopefully without etching along
crain toundaries as it wight harpen in chemi -
cal treatments. The first LTA is suppecsed to
remove internal stresses and solved gases,
especially in the repion of welded joints,
and improves the quality of the rext FF. This
second TP of ~75 um remcves the damage layer
resulting from machining. As no good and
weliakle results were obtained after this
step, a cecond I'TA is applied, generally creo-
ceded by an anodizing of the niotium surface
cf 300-1CN0 R thickness. This ancdizing is
zugpested by P.B.Wilson® in order to reduce
the carbcn-cortent of the niehbium during the
following IITA. After this the deflecter
connected to its UEV pumping syster and all
suxiliary devices are mounted. The hardling
iz done as much as rossible under clean air
ir order to avoid as much as possible dust

Measurements on test deflectors
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Table 1: Measurement Results for some Test-Deflectors (2855 MHz; T <1.8 K)
¢ (locw power) Q. at H Multi-
() (o) p H_(Oe) Treatment
x106 x106 P pactor
S IV, § cells
2900 1400 470 5r anodized, 2h at 1850°C and 10_8 Torr
1750 1440 475 10 h after preceding treatment and 8 cooling cycles under
vacuum
1530 1570 485 7 h after preceding treatment and slow exposure to clean
air
1350 360 505 0 h after preceding treatment and rapid exposure to lab.air
7400 4300 kg5 1h{ 20 jym electropolished, ancdized,2h at 1850°C and
107% Torr
1800 2180 435 1 h | anodized, 20h at 1850°C and 10'8 Torr, then exposed for
. 2.5 h to methanol
SV , 12 cells
450 405 250 10min anodized, 30h at 1950°C and 10™8 Torr
1000 580 220 10min ancdized, 1Ch at 1850°C and 2x10-9 Torr
5 VI, 6 cells
290 500 >300 1n 20h at 185C°C and UYx10™7 Torr -5
1500 290 380 no anodized, 24h at 1800°C; 1h at 1850°C, 1077 Torr
1000 324 25 no anodized, 22h at 1850°C and 10-9 Torr
S VII, 4 cells
1000 €10 230% no treatment see text
1800 130C 230 no treatment see text
S VIII, b4 celly
380 350 -, 1h treatment see text
1000 900 270 no treatment see text
*three times rewelded because of vacuum troubles and rmaterial problems
“low Hp probably due to bad roundings
particles entering the cavity. formance, Qg and Hy, are not reduced by exXpo-

7. With the treatment described above and our
deflecting modes we had practically no multi-
pacting problems. The multipacting appearing
in test-deflector S IV can be explained by the
fact that this deflector has very slim end-
cells (half-cells) favoring rnultipacting. In
tne next ceflectors this protlem was avoided
by widening the end-cells by 5mm and correct-
ing the influence of this widening and the in-
fluence of the beam tubes by a decrease in the
outer diameter.
4, As far as we could cbserve, breakdowns
nearly always are caused by magnetic fields.
5. The surface resistance (which in our tempe-
rature range is essentially the residual resi-
stance) was found to depend in many ways on
the RF field level. Two of the most frequent
tehaviors are shown in Fig.l and Fig.2. & be-
navior similar to the one from Fig.1 has heen
found ty various authors.$°’
Cne cavity (S IV) has been submitted re-
to several cooling cycles, keeping it
inuously under high vacuur. The result of
of these tests is given in Table 1 and
ws that with 8§ cooling cycles over a pericd
2 1/2 month only the low field quality rac-
nas decreased to £CZ of trne initial value,
cas the nigh field G-value and Hy did
tically not change. An irerease in multi-
time is cbserved. Exposures to clean
some days and/or methancl for some
did reduce the high-field Qg-values bhut
2low 10% and did not affect substantially
agnetic peak fields. Tris differs from
5 cctained by various authors®?? where a
; degradation of Cg is found. One
nermal latoratery air without any
5 for dust did reduce tre (Og-value
tut again did not affect Ho. From
2sults we conclude for our ranre of Qn
ocnce a deflector shows good per-
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sures to air to a point intolerable for our
requirements.

7. The application of a
magnetic field parallel to the cavity axis
does rnot affect the peak fields of Hp ~500 OCe
reached but increases the residual surface
resistance in the way shown in Fig.2. These
results are fully reproducible. There is a
linear dependence between the additioral (re-
sidual) surface resistance and the aprlied
external field whick is different from the
results qucted in ref.6 but agrees with re-
sults from ref.10,

homogeneous external

IIX. Freqguency Tuner

In a two-cavity RF-gseparator the two de-
flectors have to be cperated at tre same
frequency. We intend to lock the senerator
frequency to the eigenfrequency of ore de-
flector and the second deflector has to te
tuned well within its nandwidth to the fenera-
tor frequency. There is not ruch point to push
the difference in eigenfrequercies below
* 200 kHz because the annealing at high terpe-
ratures introduces changes ir the eigenfre-
quency of this order of magnitude. (Cortrary
to cur expectations these cranges seer not to
decrease after some annealing cycles!)
Pretuning (coarse tuning) of a deflector is
obtained bty using, as studied *n ref .11, twc
superconducting plungers introduced to ar ade-
cuate depth Into a deflector cell. They are
situated in a syrmretric way along the deflec-
tor in order to mirimize the perturtatiors

they are producing in tre (field Tree) Jeint

celle. The final pesitioning in depth is done
once the deflector iz at its werking tempera-
ture of 1.2%¢ and two conditions rust te ful-
filled; the right frequency has tc be chtalned
and the quality factor has tc be made a maxi-



mun or the field inside the joint cells a
minimum. This should not influence Hp because
there is practically no change in the field
amplitude of the field-full cells as has been
predicted by theory and shown in model meas-
urements. Tre mecharical design is shown in
Fig.3. The plunger has been made an RF-filter
by & periodic change in diameter along its
length, and an attenuaticn of ~40 dB over two
pericds has been achieved. The frequency res-
ponse of a plunger has been calculated and
deternined experimentally in an 8 cell-deflec-
tor. It corresponds for a 104 cell-deflector
to Af/sh = B0 kHz/mm (h: depth of penetration)
and is linear over a range of 12mm, allowing
a turing range of at least 500 kHz. The posi-
tioning can te easily done with a precision
of 50um cr * 2 kHz.

Fine tuning is achieved by a similar tuner
whose end-section has a diameter of only

1.2 mm. In order not to push the requirements
for speed and precisicn of this tuner tco
high, we decided to work with strongly over-
coupled deflectorg reducing the quality fac-
tors to Qp = 5x10°. This corresponds to a
bandwidth of 550 Hz. The moving during opera-
tion is achieved with the help of a step motor
situated ocutside the deflector cryostat, the
precision of positioning is 50um, correspond-
ing tc t 25 Hz. The step motor is actioned as
soon as the phase error (or eigenfrequency
change) exceeds a givern value e.g. 20% of the
bandwidth. With this device only a digital
regulation is possible insuring that the fre-
quencies of the two deflectors correspond
within one bandwidth. Deviations beyond this
1init are corrected with the help of an elec-
tronic phase- and amplitude regulation system.
The time constant of the mechanical system
evidently is rather big. We aim at 0.1 sec.
However, we think that this is sufficient be-
cause all frequency changes which might te
fast are small. The biggest ones are due to
pressure changes in the He-bath. With a pres-
sure regulation system allowing Ap < 0.1 Torr,
which is easily achieved, the frequency varia-
~icns should remain below 12 Hz i.e. well
within a bandwidth of the loaded deflectcr.

The two types of tuners have been tested expe-
»imentally on test-deflectors with high
guality factors and magnetic peak fields. For
Lhe fine tuner no influence on the Qp-values
have been found and no magnetic or thermal
treakdowns have beern experienced up to at
least iy = 275 Oe and Qg = 109. The tuner for
rretuning worked without any trouble up to
reak field levels of 390 Ce at a G, of
260%x208. For these tests both nicblum-tuners
werc clectropolished and arnealed in the same
way as our test-deflectors. A more detailed

discussion ¢f the tuners can be found in
ref.l2.
Ore can show that the cooling of the plunger

would be a protlerm if one had to rely on the
thermal conductivity of the niobium alone.
Trerefore z hole along tre axis mas been fore-
zeen which allows coocling by superfluid heli-
U, wWith a magnetic fileld of 500 Ce at the

e plunger we estinmate a temperature
over its length of 4T < 0.001¢¥ at
. working termperature of 1.89K.

wulticeriodic Structures

well xnown the use of rultiperiodic

in standaing wave superconducting
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acceleratcr or separator structures offers an
elegant pcssibility of combining the relative
advantages of #/2- and m-modes in uniforr
periodic structures. The shuntimpedance of
multipericdic structures car approach the one
of a unifcrm m-mode whereas the mode spacing
(or group velocity) lies in the range of n/2-
modes. The number of field-full cells can be
made for a given structure length nearly as
low as for a m-mode, considerably reducing
the machining cost c¢f a structure. The ad-
vantage of field-free cells for joining
different sections of a long structure re-
mains. Finally it is hoped that the use of
very thick disks which according to ref.13

is necessary for low HP/EO can be considered
without the danger of enhancing unduly multi-
pacting. In the field of RF particle separa-
tors the use of multiperiodic structures will
tecone even more stringent cnce there arises
the need, for high energy separation, to use
C-band or even X-band frequencies. The cell-
length and disk thickness for w/2-modes at
these frequencies would cause seriocus concern
for machining and surface treatments. There-
fore we have started investigations in multi-
periodic deflector structures and generalized
the method for computing uniform periocdic
structures!* to multiperiodic structures. A
computer program has been written which achie-
ves field-ratching by rinimizing the diffe-
rence of field componerts along boundary sur-
faces (cylinders or planes) with any periodi-
city.!?

In Fig.l we show the geometry and the corres-
ponding dispersion diagram for a multiperiodic
structure having € cells per period. Althougrn
this structure has not been optimized its
paraneters are already approaching the ones
of a uniform w-mode structure:

R/Q = 9.1 @/cm; vg/e = =0.017; Q(Cu) = 13200,
For a m-mode struéture of equal disk-opening
one gets:

R/Q = 11.5 Q/cm; vgle = O C(Cu) = 156€C.
Normally frequency gaps (stop bands) are fourd
in the dispersion diagram of multiperiodic
structures at all sxm-modes = 0,1,...7.

The geometry of Fig.4 has been chocsen speci-
fically to close the gap at k,L = 7 (kg:

wave numter, L: period lengthg. At this point
we et fcer the phase velocity, vy = C. Closing
all other gaps has been achieved tecause zll
cell-frequencies have beer choosen equal. In
near future we intend to apply this computer
program to the optirization of deflector struc-
tures for higher particle energies and to
combine it with a calculation of E/Eg ard
Hp/EO for rourced di
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Fig.1l: Surface resistance as a furction of nf-
field strength in 8 VI. Surface treatment:
zrodized, annealed for 24r at 18300°C and for
15h at 183C°C and 1079 Terr.lo multipacting.

Fig.5: Froto-
graphy of a 12
cell iln-tent-

deflector(oV)
with radial in-
put znd ocutput
coupling tutes,
a tuner tube
ard two teanm
tubes. The de-
flector is re-
inforced by lb-bars.
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Fig.2: Surface resistance of & IV as a function

of hf-field strength with an external magnetic
de-field applied above Te and during experi-
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<3.5 mOe. Surface treatment: ancdized ,annealed
for 30n at 1850°C and 10-%Tcrr;some rours of
multipacting. Insert: Dependence of surface re-
sistance cn external magnetic field.
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