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Sunmary 

I n t he 5 9 0 r( c. V SIN ring cyclotron a 1580 Mhz 
cavity cperatinr on the third harmcnic of the 
fundarrrntai acceleretting voltage is now in 
routine use at average beam currents up to 
170 PA. Addition of this cavity resulted in 
an increased phase acceptance fcr the single 
turn extraction r,ode of over 4Cd compared to 
5" without flattop system. The extraction 
efficiency is imorovad from a previous 99.9% 
to 9':. "8:; while the energy spread is reduced 
i. 3 less than .OS% or 300 keV (FWHM). The 
150 Mtz cavity has a voltage of 350 kV and 
requirts 4[1 kW of RF cower. P,r, important fea- 
ture is the tight iolsrance of .03' er tke 
phase staoility. 
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'ig. 1 Effective accelerating voltage wave- 
forms as a f,Jnction of phase or time. 1 rc- 
presents the pure sinusoidal voltage of the 
main accelerating system. 2 is the resulting 
daveform with the subtraction of a 11.5% 
third harmonic component (ideal fiattop). 3 

Introduction is the result with a 
same third harmonic. 

800 phaseshift of the 

The addition of a fLattop system for the SIN 
ring cyclotr~on' was stLdied in Ref. 2 and des- 
cribcd ir Ref. 5. In 1579 such a system came 
into eperazien fcr the first time on any cy- 
Llo4;rrrn. Fig. 1 shows tl-e effect of subtract- 
ing an 11.5% third harmonic component from 
tke main t?F voltage in order to achieve a cor- 
stant acceleration over a broad chase range. 
In Fig. 2 the location of the single flattop 
; a 'i/ i t y a n c the four main cavities is indlca- 
teL. T-le radial voltage distribution of these 
ca"i:ijs is sinusoidal (see Fig. 3j. The peak 
voltage of the flattop cavity is relatively 
hi:,- due t: its shcrter length compared with 
ttre Ta1n cs\/ities (see the table below!. 

main cavities/flattop cavity 

frE!CjUEnCy TO MHz 150 MHz 
peak voltage WO k\] 350 kV 
R F p 11 ,A; e I / c a v i t y ?;O kW 40 kW 

4 26’003 28’300 
Length L 5.2 m 2.7 m 
tiei;t1t ri 2.; m .96 m 
gap g (nfl yips) .45 m .4 m 
6 (\/ ,/ !j < 3.1c-h < 10-3 

6$1? (50 MHz1 < .UID 

Fig. 2 Layout of 590 MsV ring cyclotrcn. The 

number labels are: 1 = cne out cf four 50 MHz 
cavities, 2 = 153 MHz flattop cavity, 3 = one 
out of eight sector magnets. The present in- 
jection path for the 72 MeV protons is from 
tjbe left, the future injection from the Ned 
injector II will be from the loser part cf 
the figure. 

Fig. 4 CYWWS the block diazrall for the 150MHr 
fisttop system with the associated amplitude 
am nhasz feed :,ack Loots. 
t-e 50 

The voltage V1 of 
MHz cavities is kept constant indepen- 

den: of oea11*1 lor:ing. The summed Up VOltdEe G+ 
:iisse foL,r c;,vit-ies aer'v'ss as the refertnce 
ciznal for :h~c fIattap narameters Vj an3 $I~. 
TCla ratio 'V3/V, c:an k~e varied with an atten- 
uator for t&,e -0 MHz amplitude signal. T+e :, 

;lhaso o3 can 'me changed 3-d optimized with a 
raaxial ph-se shifter. The constraints on the 
Fhasi: stahiliiy are very strong lsre Fig. 7) 
x:. r: d rn e a s u r P 111 t: n t s I-, a v e s ho w n , that the act#Jal 
phase statlili:y Fe1 with respect to 50 MHz is 
icttsr tki;rn .D'l" :see Fig. 51. This is a fit- 
t rJ I‘ :1 Lmettcr it?-jn originally soccified. 

Fig. 3 Geometry of a rectangular cavity opera- - 
ting in the Hl,,,-mode -sed for the 50 and 
150 MHz system. 
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Beam Tests 3n3 flpcrazional Exnerielce to better than .055. Sirce the present 72 MeV 
injectilr cannot produce a beam wizh a phase 

Initially w6 had some prnblems with th? nulti- width above IO' F1JHM we had to measure the 

Fatting Effect. Ry coating the inner alumi- 
niurl sur-face of the flstto;, cavity witr a 
thir layer rlf aquadac tie secondary elclctron 
crriasion could be oartially suppressed whi'zh 
cured the multipacting pro3Le-n. 
There are anly two frcs parameters, amplitude 
'V3 and Fhase $3. These were optirrized in a 
series of beaT measuremtn'cs with d radial 
current probe. The result is shown in Fig. 6 
and i a-d was I sed to calibrate tt12 voltage 

phase acceptance by shifting the central nhase 

@i 11 of -he whcle :)eaT at injection. T-e ob- 
served phase acceptance of 4fl" ccrreszlonds 
zo a p!-ase range of 30" at extraction due to 
:he phase com;fression sffcct'. 

3 

MASTER OSCILLATOR 53 MHZ 

ltKNNUMBER 339 

Eie. 4 E!lock diagram rf flatt3p RF-system 
of ringcyclotrcn. The four 50 YHz cavities 
have all their own amplitude 2nd Ihace re- 
gulatirn system [not showp:l. For the 150 MHZ 
flattoo cavity the control room operator 
has ac:ess tc anlplitucc \I:, an: phase c$~. 
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FiF,. 6 Demonstration of large phase accepm 
tance of flattoy system. Shown 3rt. the lasl 
11 oJt of 315 turns in trle ring cyclotron for 
different injection phases I$;~. The phase 
range for sirgle turn extraction is more th3r 
400. The clear disti-czinn of separstc turns 
for the kxtrame phases proves zhe excellEnt 
phase stability. 

FLAilZIP: PHASE-vhFIATi3N 
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F i y . 7 7 ad i 3 I p n 7: i r i : ;I r; L‘ tu rrb ? 1 I' v I 1-1 II c 
iri~ertiol pi-i+-se qi,, ::s ev;~iu~.!.r?J fr.lnl Fir. ?. 
-he :I;I‘VF~S fc- i,ur-n 'I? ,3r;,i 31' ,!I 2 i-ilk :-‘c- 

s i 1 1 t 0 i r,u71PriL,r37 oriil t r:~:1cul~il.Ir_ rib. T /) li 
cncrzy gain ilt rvtr:lrtirr is l.f~? i;~\;. Trle 
u~bp~r ui-ol-ciq cLir\,c L,~-I;~.Ic tb~i ,a;.<, I‘:,-:> r' (1 'I) 5 j *- j - 
vity of the radi?1 ;Is:sjt'on ig,?irst -tlsil 
SlliftIS. A4l1 i s t t c' 7 b ,'i c c c,C t c P i I1 p:t 7 :-, y .5 : r 111 

wirh respect to tl-~~! 1-C MHz ~ystrm. The lrJw~r 
broken line chows i.h? n;lrrov, pha~t ilrc,cptanr17 
withIu: flattng. 
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The implementation of the flattop system had 
a very beneficial effect on the daily opera- 
tion of the cyclotrons with the following 
consequences: 
1 . Minimum beam loss. 
We obtain clearly separated turns from in- 
jection to extraction as seen in Fig. 8. 
lompared with an extraction rate of 99.8 to 
99.9% without flattop we obtain now routine 
values of 99.96% and better. The beam losses 
and with it the activation of the ring cyclo- 
tron have thus dropped by a factor 5 to 10 
against previous values. It was even possible 
to produce 100 PA with 3 main cavities only 
and losses below 10e3! 
2. Record beam intensity. 
Thanks to the large phase acceptance of the 
ring one could open up a bit the internal 
phase slits of the injector cyclotron. This 
together with improvements made in the cyclo- 
tron center allowed the routine acceleration 
of 170 UA protcns to 590 MeV. The short time 
record stands now at 190 PA. 
3. Minimum energy spread. 
The energy spread AE of the extracted 590 MeV 
beam cannot be measured directly. From the 
sharp turn pattern in Fig. 8 one can deduce 
an upper limit of 

AE (FWHMI < 300 KeV or AE/E < ~xIO-~ 
With such a practically monoenergetic beam 
the beam loss in the proton channel between 
ring and target is below the detection limit 
of the ionization monitors. 
If we would have a high resolution spectro- 
meter at hand we could probably tune the 
cyclotron to an energy spread below 100 keV. 
4. Short setup tines. 
With the flattop system the setting of the 
ring parameter and especially the main mag- 
netic field is much less critical. This has 
maae the setup of the cyclotron easier and 
faster. 

Fi,e. 6 Turns 26-315 in the ring cyclotron 
with flattop system. Shown is the ctirrent den- 
sity on a . 2mm thick secondary emission probe 
as a function of radius between 100 and 590 
MeV. For traces 3-7 the radial scale has been 
doubled against traces 1 and 2. For routine 
production the beam is not as well centered 
as in this example but injected excentrically. 
This enhances the tLrnseparztion at extrac- 
tion and leacs to extraction efficiencies of 
99.96%. 

Future Developments 

A new 72 MeV injector II for currents of more 
than 1 mA is presently under constructicn5. 
For such high currents the longitudinal space 
charge forces will start to smear out tie 
separated turn structure. It is possible xo 
compensate the linear part of this effect by 
phase shifting the 3rd harmonic RF component 
with respect to the fundamental harmonic. 
Preliminary numerical studies have shown 
that a flattop system is absolutely essen:ial 
in order to reach currents Ln the order of 
1 mA. 
With 17C PA on target the total beam power 
at 590 MeV is ICO kW. The flattop cavity 
absorbs about IC kW from the beam, which 
corresponds to a noticeable beam loading fac- 
tor of 25%. With increasing current it be- 
comes more and more difficult for the regu- 
lation system to stabilize the cavity vol- 
tage. For a current of about 60C PA there is 
even no need to feed power from the trans- 
mitter into the cavity. A further problem is 
that the impedance of tie coupling is current 
dependent which results in a reflected RF 
wave which could damage the power amplifier. 
In order to solve the above mentioned pro- 
blems the following measures are under con- 
sideration: 

- increasing the cavity voltages of the 
50 MHz and 15C MHz systems. 

- lowering the Q of the 150 MHz cavity. 
- loading the flattop cavity with an external 

resistor which can be matched to the vari- 
able beam loading. This can be done by va- 
rying the coupling or by electronically ad- 
justing the impedance. 

- the RF power which is reflected from thla 
flattcp cavity is coupled out and dumped to 
a 50 R resistor. With presently available 
directional couplers cnly a fraction of the 
reflected power can be diverted. 

Detailed calculations ard tests will be car- 
ried out in the near future to see which meth- 
cd or combination of methods will he finally 
adopted in order to cope with this beam load- 
ing proslem. 

Conclusion 

We strongly recclmmend the addition of a flat- 
top RF system for cyclotrons with a special 
emphasis on high current or low energy spread. 
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