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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 fcreseen to separate particles up to at 
least 30 GeV/c momentum. Ke give a summary of 
quality factcrs- (Q) and peak magnetic field 
(Ep) measurements on several test-deflectors. 
A sequence of surface treatments including 
electropolishing, anodizing and an UHV-anneal- 
inf around 185C°C allowed us to obtain in a 
reliable way Q- and H 
minimum reauirements 

es well above our 
and 310 Oe respec- 

tively). T6.e highest values hitherto obtained 
for the (high-field) Q and Ilp are I4.3~103 and 
510 Oe corresponding to a mean deflecting 
field of 3.3 NV/m. The effect of repeated 
cooling cycles under vacuum and exposure to 
clean air or methanol was fcund not to be cri- 
tical for our range of Q and lip. The surface 
resistance depends linearly on an external dc- 
magnetic field whereas the dependence on the 
RF field level is much more complicated. \!ith 
our surface treatment and our deflecting modes 
nuitipacting presents no problem. Breakdowns 
are nearly always caused by magnetic fields. 
The frequency tuners foreseen are described. 
Fine and coarse tuning will be dor.e by separa- 
ted tuners. They have been tested successfully 
up to c-values of IC? and peak fields of 
390 Oe. Finally a computer program; has beer. 
written ailowing the calculation of multiperi- 
odic deflector modes. An exemple is shown and 
compared with a T-mode for uniform periodic 
structures. 

I. Introduction 

At :(arlsru:-,c a superconducting RF-partic- 
le separator is under construction which will 
be .Jsed at the CERI"J 331~ GcV proton synchrotron. 
It has to be instalied in a separated particle 
bear: foreseen for the big counter system Cmeca 
an& 1% is expected that a Lain in detected 
7- - . . K+- and c-intensity of at least 10 with 
resi,ect to an unseparated beam will be pcssi- 
ble.' The separator will be operated at C-band 
frequencies (2855 I:fiz); its trio unifcrn-peri- 
cdic niobium-deflectors ?;ill work in a n/2- 
node and l,;ili have an effective length of 
2.73 n, ccrrcsFocdi?y to 104 cells. The inter- 
cavity distance will be 3C m allowing, with a 
mr:ln deflecting field of 2 ['7/m, separation !-lp 
to 30 Ge-v-/c. Pi:; rany,c ccuid be extended ";o 
QCJ ~GcV/c if ileflccting fields of 1; I.:V /m CCUld 
be obtained, (ccrresp0ndir.g tc a penk sa.cretic 
R? field of tlC Cc and a peak clrctric field 
gf 22 :?.7/r,). Ir. order to avoid thermal bregk- 
dc',:ns an unloaded C-.~alue of nt lcast SxlfD 
‘-,ac ';o te reached for deflecting fields of 
2 :?,v / r1 . 
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Several test-deflectors have been designed, 
constructed and tested during the two past 
years. 2'3 This experimental prcpram allowed us 
to fix bv now all important parameters, the 
fabrication and welding techniques and the 
surface treatments to be applied. After the 
excellent perforrance of the test-dgilectors, 
we decided to start the fabrication of the 
first 3m deflector which is due to arrive in 
r?arch 1973. Its cells are machined out of so- 
lid nicbiur.++, then welded toyether around the 
outer diameter. The mode degeneracy typical 
for deflector modes (dipole-modes) has been 
avoided by an elliptic inner cross-section.2 
Each 3m-deflector will consist of 5 sections 
cf about 60cn length which will be joined to- 
aether at the position of a field free cell. 
?he lenF:th of the sections is limited by the 
reauirement that prior to their mountink a 
thermal treatment in our UIIV. hi?h-temperature 
furnace with a useful volune*of ‘2oCI: diameter 
Jnd 60cm, length has tc be applied. 

II. !fleasuremerts on test deflectors - 
In Ta‘rle 1 we summarize some results. 

From these measurements on separator struc- 
tures we conclude: 
1. The application of a i-iyh temperature an- 
nealing is absolutely essential in order to 
obtain the require< (?-values and peak fields 
in cavities with welded joints and complicated 
geometry. pi0 satisfactory results were ob- 
tained before a firing in a hi&h-temperature 
furnace. Vether a tenperature as high as 
18500~ or vacua of the order cf 10-3 Tcrr are 
essential is not yet clear. A repeated appli- 
cation of a high temperature annealing tends 
to increase markedly Q. but only slightly Xp. 
2. The high-temperature annealing (HTP) has 
to be combined with an electropolishin&" (EP> 
treatment. Our most successful surface treat- 
ment uses two sequences 'EP-HTP'. A first EP 
of 10-25 urn cleans the niobium surface for the 
following !??A, hopefully withoct etchin& along 
r;rain boundaries BS it rright happen in them-l- 
cal treatments. The first IITA is supposed to 
remove internal stresses and solved yacen, 
especially i.n the recicn of welded joints, 
and in:proven the qualitg of the rext 7‘F. This 
sec0r.d FF of - 75 )lr: remc.Jcs the danare layer 
rcsultirg ~TOK macbinin;:. GS no good and 
rcll:ib~le result: were o‘rtni ned after thi.3 
s t, c p , a second I:?A is applied, generally pi-r- 
ceded by an 

.-*dT,ycsted h'? P.D.l::i1c:on5 in order to rc'iucc 
tp.~-carbcn-coKtcrt cf the niobium dur5ny the 
followir,tT Ii?A . After thiz the deflcctcr in 
connected to its !JI?J pumping s:rster: and <all 

. . . auxl-:nry devices arc mounted. The h:W.dl~r.~ 
is done <as much as possible ur.cicr clenn 3ir 
in order to avoid as nuch as possitli dust 
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1: Table Measurement Results for some Test-Deflectors (2855 MHz; T cl.8 K) 

I 
1350 
7400 

1800 

s v * , 12 cells 

450 
1000 

s VI, 6 cells 
290 

1500 
1000 

s VII, 4 cells 
1000 
1800 

s VIII, 4 cell 
380 

1000 

!O at H 
X10 6 r 

1400 470 
1440 

5 k- 
475 10 h 

1570 485 7h 

960 505 10 h 
4330 495 lh 

2180 435 Ih 

250 1Omin 
220 1Omin 

anodized, 30h at 1950°C and lo+ Torr 
anodized, 1Ch at 1850°C and 2x10-9 Torr 

500 ,300 1 t? 
290 380 "0 
324 425 "0 

230+ “0 treatment see text 
230 “0 treatment see text 

270+ 
lh treatment see text 
"0 treatment see text 

Hp(Oe: Multi- 
pactor Treatment 

anodized, 2h at 185O'C and 10 -8 Torr 
after preceding treatment and 8 cooling cycles under 
vacuum 
after preceding treatment and slow exposure to clean 
air 
after preceding treatment and rapid exposure to lab.air 
20 

I 
m electropalished, 

lo- Torr 
anodized,Zh at 1850°C and 

anodized, ZOh at 185O'C and 10m8 Torr, then exposed for 
2.5 h to methanol 

20h at 185O'C and 4~10~~ Torr 
anodized, 
anodized, 

24h at lEOO"c; lh at 1850°C, lOa 
22h at 18500~ and 10-9 Torr 

Torr 

'three times rewelded because of vacuum troubles and raterial problems 
+ low HP probably due to bad roundings 

particles entering the cavity. 
3. Giith the treatment described above and our 
deflecting modes we had practically no multL- 
pactin@ 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 nultipacting. In 
-he next deflectors this problem was avoided i 
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 observe, breakdowns 
nearly always are caused by magnetic fields. 
5. The surface resistance (which in our tenpe- 
z-azure range is essentially the residual resi- 
stance ) lr;as found to depend in many ways on 
the F?F field level. 50 of the n;ost frequent 
behaviors are 
:^, a v i 0 r 

shown in Fig.1 and Fig.2. A be- 
similar to the one fram F:c.Z has been 

found tg various authore.6y7 r t. One cavity (S IV) has been submitted re- 
Ffated:y , ts several 
ccntin.;oucl 

cooling cgles, keeping it 
- y ,*,r,der high vacuum. The result of 

cne of these tests i.s Giver. in Table 1 and 
L.hOWS Tkat :,:ltk 8 cooling c:ycles over a period 
of 2 Z/2 c,onth or.iy the low field quality fat- 
tcr has decreased to EC? of the initial value, 
::hcrens the ?igh field c-value and FI, did 

piLL2bi --"c'-Tc;ll:; not change. An increase In multi- 
;:actir.z 
:: i r for 

tirre is observed. Exrosurcs to clean 
scrc 2~::s and/or methanol for some 

i r I v r ,.,YA c did reduce the hii;h-field co-values but 
1:3'; L;E>CW 109 and did net affect s;kstantiallg 
the :aCr,ctic peak fields. This differs from 
results cotained by various nuthorsBJg where a 
,q,Lte l:cavy degradation of To is found. ?ne 
tbx;crure to ncrmal lakor2tcr:; air witkout ar,yi 
-~,..?,-..c~-- tL s.Lcl~~~I~~I; fzr iiu~l, iiicl redtice t,re Co-value 
t. 'Z 1 G '@: 1 '0 ? t u t acain did not afferzt I! , From- 
L;hcse re.;ults we cor,clude 
n i-i d I: t :?A t 

for olur r&r-e cf QQ 
, once a deflector shows good per- 

formance, ?o and HP are not reduced by expo- 
sures to air to a point intolerable for our 
requirer.ents. 
7. The application of a homogeneous external 
magnetic field parallei to the cavity axis 
does not affect the peak fields of Flp -500 Oe 
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 additional (re- 
sidual) surface resistance and the applied 
external field which is different from the 
results quoted in ref.6 but agrees with re- 
sults from ref.10. 

III. Frequency Tuner 

In a two-cavity RF-separator the two de- 
flectors have to be operated at the same 
frequency. We intend to lock the rrenerator 
frequency to the eigenfrequency of one de- 
flector and the second deflector has to be 
tune3 i;ell within its bandwidth to the Genera- 
tor frequency. There is not r,uch point to push 
the difference in eigenfrequercies below 
? 200 kI!z because the annealing at high temce- 
ratures introduces ok c..anges in the eigenfrc- 
quency of this order of ma&r-itude. ( IContrary 
to cur expectation: these :?anCes seer not tc 
decrease after some ar.nealizg cyclec!) 
Eretuning (coarse tuning;) cf a deflector is 
obtained ty using, as studied in rcf.11, ts:c 
sucerconduct<ng plungers introduced to nn ade- 
ouate depth into a deflector cell. They are 
situated in a sycretric ;:a:: alone the deflec- 
tor in order t:, minimize the perturbations 
the:] ,X-F croduciny: Ir t?.e (firall .-rc-> 2cir.t j__..- _ 
CCilS m 'l'hr fl nnl 

t :?I P 
~csitionin~: in depth ic done 

c n c e ,deflc,c‘,oiB is ;;t its i~cri-:ir:)- teii,pern- 
ture of 1.eoy ani two conciitiors mu-t le ful- u 
filled; t!:c :iCht frequcrcy has tc be cbtnincd 
3rd t:?c auality factor has to bc ~a,de a maxi- 
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mum or the field inside the joint cells a 
minimum. This should not influence En because 
there is practically no chan&e in the field 
amnlitude of the field-full cells as has been -~ r-- 

predicted by theory and shown in model meas- 
urements. The mechanical design is shown in 
Fig.3. The slunger has been made an RF-filter 
by a periodic change in diameter along its 
length, and an attenuation of -UC dE over two 
periods has been achieved. The frequency res- 
ponse of a plunger has been calculated and 
determined experimentally in an 8 cell-deflec- 
tar. It corresponds for a 104 cell-deflector 
to Af/Ah = 40 kHz/mm (h: depth of penetration) 
and is linear over a range of 12mm, allowing 
a tuninp ranfe of at least 500 kfiz. The posi- 
tioning-can ce easily done with a precision 
of 50pm or + 2 kHz. 
Pine 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 precision of this tuner too 
high, we decided to work with strongly over- 
coupled deflector 
tors to QL = 5x10 % 

reducing the quality fac- 
. This corresponds to a 

bandwidth of 550 Hz. The moving during opera- 
tion is achieved with the help of a step motor 
situated outside the deflector cryostat, the 
precision of positioning is 50!~m, corresgond- 
ing tc f 25 Hz. The step motor is actioned as 
soon as the phase error (or eigenfrequency 
change) exceeds a given 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 heyor?d. this 
limit are corrected with the help of an elec- 
tronic phase- and amplitude regulation system. 
The tine constant of the mechanical system 
evidently is rather big. We aim at 0.1 sec. 
Rowever, we think that this is sufficient be- 
cause all frequency changes which mi&ht be 
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- 
ticns should remain below 12 Rz i.e. well 
within a bandwidth of the loaded deflectcr. 

The two types of tuners have been tested expe- 
rimentally on test-deflectors with hi&h 
quality factors and magnetic peak fields. For 
b;it. fi1;e t,ner LO ir2-lLier-icc ;Fi t>c C,o-7alxes 
have been found and no magnetic or thermal 
breakdowns have been experienced up to at 
least EIt = 275 Oe and Qo = 109. The tuner for 
pretuni?g wcrked without any trouble up to 
Feak f'eld levels of 300 De at a G 
2sCxljk. For these tests both nicb?uEftuners 
',,crc clcctro;olished and annealed in the snme 
day as cur test-deflectors. A more detailed 

c. ,discusslon cf ticc tuners cnn be found in 
ref.12. 
/‘r.e can shc.& that the cooling of the pl;;r.gcr 
v;ould te a problem if one had to rely on the 
tbersal cond.uctivity , 1 of the niobium alone. 
Therefore i? hole along t ke ,3X i s ?a s be en fore - 
c e en IV;!-: i c h al 1 c>:s cooling by superfluid heli- 
'LE.. ;i i t h a r:agnetl.c field of 530 Ce at the 
tir; cc ;:yc &.iL;r.;;cI' v,c c.bt:i.,&ts a ten;erattxe 
~liffcrrrice ovf‘r its length of AT < O.CClcY at 
ttc 2:orklr.g ter:pcr:iture cf 1.801:. 

;'I . :,:ultizeriodi:: Structures 

A “ is :wf\ll :,.nown the use of multiperiodic 
.ztr~cc:turi;s in st,ancl;ng -~;;ave superconducting 

accelerator or separator structures offers an 
elegant possibility of combining; the relative 
advantages of n/2- and n-modes in uniform 
Feriodic structures. The shuntimpedance of 
multiperiodic structures can approach t!!e one 
of a unifcrm n-mode whereas the node spacing 
(or group velocity) lies in the ranrc of n/2- 
modes. The number of field-full cells can be 
made for a riven structure length nearly as 
low as for a a-mode, considerably reducinp 
the machining cost of a structure. The ad- 
vantare of field-free cells for ioining 
different sections of a long stricture-re- 
mains. Finally it is hoped that the use of 
very thick disks which accordin& to ref.13 
is necessary for low HP/F0 can he considered 
without the danger of enhancing unduly multi- 
patting. In the f ield of RF particle separa- 
tors the use of multiperiodic structures will 
become even more stringent once there arises 
the need, for hi&h energy separation, to use 
C-band or even X-bared freouencies. The cell- 
length and disk thickness-for n/Z-modes at 
these frequencies would cause serious concern 
for machining and surface treatments. There- 
fore we have started ir,vestigations in multi- 
periodic deflector structures and generalized 
the method for computing uniform periodic 
structures" to multineriodic structures. A 
computer program has been written which achie- 
ves field-matching by minimizing the diffe- 
rence of field components along boundary sur- 
faces (cylinders or planes) with any periodi- 
city." 
In Fig.!1 we show the geometry and the corres- 
ponding dispersion diagram for a multiperiodic 
structure having 6 cells per period. Althouy?, 
this structure has not been optimized its 
parameters are already approaching the ones 
of a uniform n-node structure: 
R/Q = 9.1 R/cm; vg/c = -3.017; '.?(C,) = 13230. 
For a T-rode structure of equal disk-openin?, 
one gets: 
R/Q = 11.5 R/cm; vF/c q 0; C(Cu) = 1566C. 
Normally frequency'gaps (stop hands) are fourd 
in the dispersion diagram of nultircriodic 
structures at all sxn-modes (s q 0,l 

The geometry of Fig.4 has been chocsi; 
..I. 

spec?- 
fically to close the gap at k L = 5~ (kz: 
wave number, L: period length 7 . At this point 
we get fcr the phase velocity, v,++ = c. Closin& 
all other gaps has been achieved because ali 
cell-frequencies have been choosen equal. In 
near future we intend to apply this conputer 
pr0~ra.m to the 'opt5r:zatior-, of Zeflectcr striic- 
tures for higher particle energies acd to 
combine it with a calculation of FF/Eo and 
HP/Z0 for roiirced disi.:s. 
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and I!.Skacei as Jwell as A.?ott and n.CchrIdt. 
'I:e ayprecinte ,greatly t!-c stlmulatinc 
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Part.Pccelerator 2, 

&lo-’ R (Ohm)- _. 

I----- I 
RF-peak t,e;d(Oe) 

I 
0 

I 
100 200 300 400 

Flc.1: Surface resistance as a function of kf- 
ficlo strencti: in C VI. Surface treatment : 
anodized, annealed for 24n at 181?0~C and for 
lt!: jt l?3ZcC and 12-2 Tcrr.::o m~itipactin~ >* 

Fic.5: Fkcto- 
paphy of ;! 1; 
ccl1 :!'z-tc:;t- 
deflcctor(:'5') 
vi it h r n :l i 9 ! ; y7 - 
put ci!Til Cl;tpL;t 
coupiir!i: tubes, 
3 tur,er tute 
and trio 'bea:. 
tubes. The de- 
flector is re- 

inforced by IYb-bars. 

i:, 55 “K 
, 

-1 -j; r /IL- 1 1 

,~~~~~~~~~~o- 
10 30 100 300 1000 

Big.2: Surface resistance of S IV as a function 
of hf-field strength with an external magnetic 
de-field 
mer.t . 

applied above Tc 
Romogeneity cl%, 

and during experi- 
earth-field s:hieldel to 

c3.5 mOe. Surface treatnent: anodized,annealed 
for 30h at 1850~~ and lo-?Tcrr;some hours of 
multipacting. Insert: Dependence of surface re- 
sistance cn external ma&netic field. 

Fie.3: Yechanical 
layout of the tu- 
ner system with 
plunger for pre- 
tuning. The plun- 
ger for fine tu- 
nine has a simF- 
Tar layout with 
an endsection of 
1.2mn diameter. 
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