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Reduction of the Beam Breakup Mode Q Values 
in the ETA/ATA Acce le ra t ing C e l l s * 

Daniel L. Birx 

Abstract 

Earlier Microwave Measurements of the ETA Accelerating Cells had i.ncovered 

eleven resonances in the frequency range of 0 ~* 850 MHz. The Q value- if 
(2) these modes ranged from 14 to 70 

Here we report a three phase program directed at substantially reducing 

these Q values. In particular the dampening methods described below resu ':ed 

in a decrease of Q value from 40 to 5 for the beam breakup mode (TM,,-) wi i 

a corresponding reduction for most of the other cavity modes. 

*Lawrence Livermore National Laboratory is operated by the University of 
California for the Department of Energy Under Contract No. W-7405-Eng-48. 

This work is performed by LLNL for the Department of Defense under DARPA (DOD) 
ARPA Order 3718, Amendment #12, monitored by HSWC under Contract 
No. N60921-80-WR-W0188. 

(2) See Reference 2. 
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Introduction 

An ea r l i e r investigation of RF resonances in the ETA accelerator structure 

uncovered eleven resonant modes in the frequency range of 0 + 850 MHz. The Q 

values of these modes varied from 14 to 70 the two components of the beam 

breakup mode (TM( + , - ) 110) were identified and found to possess Q values of 20 

and 40. 

In anticipation that these resonances might result in intolerably large 

transverse osc i l la t ions of the accelerated electron beam in an ATA scale 

accelerator, a de-Q-ing program was in i t i a t ed . In this work we report the 

effect of various modifications to the accelerating structure and their effect 

on the important RF modes. 

The de-Q-ing program was conducted in three phases. First a one tenth 

scale model of the ETA accelerating cell was constructed. The modes of this 

model were measured using the procedures described in Ref. 2. As expected the 

frequencies of the modes were approximately 10 times higher than those of the 

ETA cavity. The "Q's" of corresponding modes, however, were similar. The 

model was used to investigate the effects on the raodes of the similar cavit ies 

caused by various modifications to the s t ructure . Because the small size of 

the model these modifications could be made rapidly and easi ly. Moreover, the 

high value ETA cavity was not in jeopardy. The information supplied by the 

model was weighted carefully to obtain a practical modification to the ETA 

cavity that yielded a low Q structure that would s t i l l accelerate electrons 

and thus could be incorporated into the ATA designs. Among the factors 

considered were the effects on the HV drive pulse, voltage holding, and the 

well being of the mechanical engineering staff, as well as the degree of Q 

reduction. 

The second phase of the program consisted of applying the above 
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modification to an actual ETA accelerating ce l l . We attempted both to further 

optimize the modification and obtain more accurate data on i t s effects . 

Finally during Phase 3 these changes were incorporated into :he design of 

the ATA accelerator c e l l . A prototype cel l was constructed and i t s RF 

properties mcnBurod. 

The success of Che program was indicated by a reduction in Q values of the 

beam breakup modes (TM+,-3 from values near 40 to values of approximately 5 

arid a corresponding Q reduction for most of the other resonant modes. 

Phase I 

Figure la presents a sketch of the ETA accelerating cel l cross section and 

Fig. lb the cross section of the I;10 scale model use for i n i t i a l test ing. 

While small inaccuracies in scaling such as the omission of a porcelain 

insulator shed some doubt on the val idi ty of these measurements, the major 

concern involved the dispersive nature of the enclosed f e r r i t e . 

The resonant frequency of any -mode should vary linearly with the scaling 

factor, provided the e l ec t r i ca l properties of the construction materials are 

independent of frequency. The RF losses in the ETA accelerating cel l are 

dominated primarily by the ferr i te losses. Hence the Q varies inversely with 

the fer r i te loss tangent. If the loss tangent were independent of frequency 

then the Q should be for the most part independent of scale. 

The TDK and stackpole ferr i tes used in the accelerator were known to be 

highly dispersive at low frequencies, but very l i t t l e information was 

available on the high frequency behaviour. 

Measurements on transmission lines containing samples of these materials 

yielded the resul ts described in Appendix A. This data indicates that while 

the ferr i te is highly dispersive below 100 MHz, the properties become 
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r e l a t i v e l y cons tant a t h igher f requencies . The measurements were d iscont inued 

a t 1 GHz because of the d i f f i c u l t i e s involved in loca t ing the RF again a f t e r 

i t had entered in to the f e r r i t e . Above a few hundred megahertz the loss 

tangent began to approach un i t y and measuring the RF t ransmiss ion p r o p e r t i e s 

might be compared to measuring the t ransmiss ion of a water drop through a 

sponge. 

A comparison between the RF p r o p e r t i e s of the model and the a c t u a l ETA 

c e l l is i l l u s t r a t e d in Figure 2. I t can be see that the sca l ing is far from 

i d e a l , but i t was be l ieved to be suEf ic i en t ly accurate to pxamine the e f f e c t s 

of va r ious de-Q-ing s t r a t e g i e s . 

Two d i f f e r e n t techniques of de-Q-ing were appl ied to the model. Both 

methods were based on making bes t use of the large f e r r i t e loss t angent . The 

f i r s t cons i s t ed of c u t t i n g away the r e e n t r a n t s t a i n l e s s s t e e l shroud to expose 

more of the enclosed f e r r i t e . 

P r io r measurements of the RF modes in the ETA a c c e l e r a t i n g c e l l e 

had r e s u l t e d i n f a i r l y r e l i a b l e f ie ld p r o f i l e maps for these maps. These 

naps , in p a r t i c u l a r those corresponding to the beam breakup modes, were 

ca re fu l ly examined for areas where the beam breakup f i e ld s could be s t rong ly 

per turbed without inf luencing the a c c e l e r a t i n g f i e l d s . I t was hoped tha t 

c u t t i n g away the r een t r an t shroud in these areas would force the RF f i e l d s 

in to the under lying f e r r i t e . The areas located near the bottom of the shroud 

and 90 from the dr ive blades were chosen, and the shroud was slowly cut 

away t h e r e . At var ious s tages the cavi ty was re turned to the t e s t stand and 

the RF p rope r t i e s re-examined. A summary of ?hese measurements appears in 

Appendix B. I t car. be seen t h a t in the ea r ly s tages the Q's began to drop and 

the r e s u l t s looked encouraging, but as more m a t e r i a l was removed the "beam 

breakup mode" Q's began to r i s e u n t i l f i n a l l y they lay h igher than the 

o r i g i n a l Q ' s . Even the lowest Q's obtained through th i s procedure were s t i l l 
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unsatisfactory. Chalking this experiment up to another lesson in life's slow 

learning process, we decided to try something else 

This next something else involved adding more ferrite to the cell. Small 

pieces of ferrite were positioned at various locations in the model and the 

effects on both the RF modes and the drive pulse measured. The results of 

this procedure appeared much more promising. It was discovered that 

additional ferrite covering the HV drive blades and floor of the cell strongly 

damped the RF modes while leaving the HV drive pulse virtually uneffected. 

Figure 3 presents a summary of the experiments conducted during Phase I. 

Phase II 

Based on the data received from the experiments described above, a 

decision was made to cover both the HV drive blades and the floor of the 

actual accelerator cell with additional Eerrite. A description of the effect 

on the RF resonances can be found in Figure A. 

Figure 5 illustrates the effect of this modification on the beam breakup 

mode. The Q value of this mode was reduced from 40 to 5. The other 

resonances for the most part showed a corresponding Q value reduction. These 

Q values are believed to lie well within the limits for acceptable beam 

transport in an ATA scale accelerator 

Further testing of the cell with a HV drive pulse showed the additional 

ferrite to leave the cell response to the HV uneffected. 

(1) V.K. Weil, L.S. Hall, R.K. Cooper, "Further Theoretical Studies of the 
Beam Breakup Instability", Particle Accelerators, 1979, Vol. 9, 
pp. 213-222. 
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Phase III 

Finally a prototype cell for the ATA Accelerator was constructed. The 

cell incorporated node dampeners designed on the basis of this research. A 

sketch o£ the cell showing the ferrite mode dampening ring and blade cover is 

shown in Fig. 7. 

Figure 6 illustrates the improvement achieved with the ferrite dampeners. 

As was anticipated the results compare closely with those obtained during 

Phases I and II. 
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Summary 

l i a r l i e r RF t e s t s / , . , on the ETA a c c e l e r a t i n g c e l l hz<* r evea led a l a rge 

number of r esonances . The beam-breakup mode (TM- 1 0 ) was i d e n t i f i e d and 

found to possess a Q-value of 40, While t h i s Q was low enough so as not t o 

n o t i c e a b l y a f f e c t e l e c t r o n t r a n s p o r t in the ETA a c c e l e r a t o r , t h e r e was concern 

about beam t r a n s p o r t in the longer ATA a c c e l e r a t o r . 

lie fore a f i n a l des ign for the ATA c e l l s was complete a de-Q-ing program 

was i n i t i a t e d . I b i s program included f i r s t research on a 1:10 sca l e model, 

then on the ETA c e l l s , and f i n a l l y on an a c t u a l ATA c e l l . 

Tie success of t h i s program was ind ica ted by the reduc t ion of Q value from 

40 to 5 for the T M , l n beam breakup mode. This Q value should be 

s u f f i c i e n t l y low to a l low success fu l beam t r a n s p o r t in the ATA a c c e l e r a t o r . 

C2) UCID-13582 
D. Birx — Microwave Measurements of the ETA Acce le ra t ing Cavity 
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Figurs 2 

Model Prot. ETA cavity Highest Highest 
Mode Resonant Resonant Model Q ETA Cavity 

(MHz) frequency (MHz) frequency 

™010 2500 220 10 14 

™-110 3100 345 40 40 

TM020 3500 512 35 34 

TM-^O 4800 590 30 50 

™210 5400 647 25 46 
T M 0 3 0 5600 752 30 70 

™-130 6200 S40 40 60 

Comparison of RF properties between the model and the ETA cavities. Where a 
splitting degeneracy exists the highest Q's are compared. 
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