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Abstract 

Attention is directed to the utility of an az
imuthal magnetic field for influencing favorably 
the Landau~damping coefficients that act to suppress 
transverse collective oscillations in an electron
ring device. Such a supplemental magnetic field 
can also assist in the attainment of satisfactory 
betatron-oscillation frequencies. Examples are 
given of these effects for'a (time-dependent) B~
field applied to an electron-ring compressor simi-, 
lar to the projected LBL Compressor 5 and also to 
a compressor with high magnetic field index, so 
that in addition high damping coefficients for 
longitudinal instabilities are obtained. 

A. Introduction 

Collective instabilities, which' have been ob
served in electron ring experiments l ,2, are driven 
by the collective fields of the electron beam, as 
influenced by near-by structures, and may be sup
pressed (Landau-damping) by sufficient dispersion 
in the beam (e. g., by an energy spread). 

For abeam of particles with a natural (trans
verse) oscillation frequency ~o' the Landau-damp
ing coefficients (E dS/dE), that measure the dis
persive effect of a spread in particle energy E, 
are 'associated with·the collective-mode frequencies 
S = (N-v) mo, where CDO denotes the orbital angu
lar speed and H is a positive integer. In a con
stant gradient axial magnetic field, the damping 
coefficients for transverse collective modes are 
given by 

E ~ = _.....£ (N-V) - _ - + e e (1) dS CD [ ( 1 1) r dV/dr ] 
OE 2 l-n 2 l-n 

~ y 

for particles circulating with an equilibrium-orbit 
radius r. With v = ~ for the radial modes 
in a conv~ntional device characterized by the field 
index n, 

dV 
dr 

e 
(2 ) 

1 1 
Because normally dn/dre > 0 and l-n > ~ , 

y 
it thus beco~s evident. that a strong cancellation 
may occurl ,3, between the terms within the square 
brackets of Eq. (1), that would act (e.g., for 
... ~ 1) to reduce severely the magnitude of 

Hoy!: su]:ported by the U. S. Atomic Energy Commis-' 
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(E dS/dE) in such a case. 

In this report we wish to point out that the 
values of the derivatives dV/dre in Eq. (1) can 
be substantially modified by an ancillary azimu
thally-directed magnetic field so as to avoid ex
cessively low values of IE dS/dEI. In addition, a 
suitably programmed Bcp-field provides a means of . 
obtaining betatron osclllation frequencies that re-' 
main reasonably constant throughout the compression 
cycle. 

B. The Introduction of a B~-Field 

The introduction of an ancillary Bq,- field 
has been proposed in reports5,6 from Dubna, pri
marily with the object of shifting the single-par
ticle betatron oscillation frequencies, in the pre
sence of (possibly substantial) space-charge forces, 
to values more suitable than otherwise can be prac
tically attained. The use of such an azimuthally
directed field also provides a convenient means to 
avoid encroaching onto the v = 1 resonance toward 
the latter part of a compression cycle (or during 
the roll-out and acceleration stages) and to avoid 
other potentially dangerous resonances.7 A moderate 
B -field (in comparison to the local B field) can 
e~fect a substantial change of the betatron-oscilla
tion frequencies, and, moreover, the normal modes 
in this case each involve motion in both the radial 
and aXial directions (in time quadrature).' 

Withfspace-charge fields neglected, the char
acteristic (normal-mode) betatron-oscillation fre
quencies become 

2 
v 

with 
Also, 

dV 
dr 

e 

~l 
2 

'1+a 
2 2 

) - n(l-n) 
+ex (3) -2-- ± 2 

ex = B~/Bz at the equglibrium orbit r . 
for e each of the modes , 

(4) 

an expression that may be introduced into Eq. (1) 
for evaluation of the Landau-damping coefficients 
for this situation. 

It is desirable to maintain the values of 
IE dS/dEI large. As from Eq. (1) for a given cha
racteristic betatron-oscillation frequency 

(E ~,,+ (E ~!M ~ :~ (,'n -» (5) 



this sum is not greatly susceptible to modification. 
Because the values of (E as/dE)l are usual~v posi
tive and those of (E dS/aE)2 negative, ~here is the 
opportunity of adjusting par~~eters (e.g. a) so 
that neither damping coefficient becomes especially 
small in absolute value. To examine this possibi
lity in greater detail, we have considered a com
pressor similar to that of the projected LBL Com
pressor 5 plar~ed for future experL~ents at Berk
eley, with the addition of a supplemental B.-field. 
This field, with its spatial dependence propOrtional 
to l/r, is produced by 2 simple LC-circuits. 

Another example for a compressor takes advan
tage of the fact that the Landau-damping coeffi
cients can be increased, primarily during the first 
stages of the compression cycle, by going to higher 
values ,for the field index initially [see Eq. (5), 
normally l/(l-n»> 1/12]. In this case the magni
tude of the Landau-damping coefficient for longitu
dinal instability, 

(6) 

also can be substantially increased. 

BOth'examples appeared distinctly attractive 
with respect to the magnitudes of the damping co
efficients and to the betatron-oscillation frequen
cies as they occur throughout compression. 

C. Parameters and Results 

In Compressor 5 the compression of a 4 MeV 
electron ring (1 = 8.8), with a 17.75 cm major rad
ius, into a radius of circa 4.0 =, ,.,ith a kinetic 
energy of 17.8 1';eV, will be done mainly by three 
successively pulsed main coil pairs. The final 
stage,~~ploys on one side aIm solenoidal coil, 
which permits magnetic acceleration of the ring in 
the axial direction. Despite the precautions of 
reducing induced eddy currents in these coils3, the 
coefficient (E aSp/dE)l for the first radial mode 
is found to drop tn normal operation to about 556 
~sec-l by the end of the second stage of compres
sion. Bece,use, ::,,oreover, the fieli index n drops 
from a value just below 0·5 to approximately 0.1, 
attention must be given to the rranner in which sev
eral betatron-oscillation resonances are succ~ss
ively traversed. 

A compression cycle, very similar to that 
planned for Compressor 5, was supplemented in the 
computations by ~, azimuthal magnetic field, pro
duced by a central (axial) current of two-stage 
wave form (50 windings). This wave form is easily 
obtained by discharging one LC-circuit (VI = 18 kV, 
Cl = 74.4 ~F) approximately 200 ~sec before and the 
o~er (V2 = 16.5 kV, C2 = 29·6 ~F) 200 ~sec after 
firing of the first compression coil. The influ
ence of the supple~-,ental B~ -field is such that one 
of.the betatro~-oscillation frequencies (VA) re
ma1ns above unlty throughout the entire compression 
cycle, while the second normal-mode frequency (VB) 
drops from 0.47 to a minL~um value 0.28 durip~ this 
time, while traversing the possibly significant 
resonance 3vB = 1 rapidly. This behaviour is 
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illustrated on the resonance diagram (Fig. la), 
where,except for a single crossing of the line 
VB = 1/3, major resonance lines are avoided. The 
radial dependence of the field-index n and the 
magnetic field ratio a = B /Bz as a function ,of 
the location (radius R) of ihe ring during com
pression is plotted in Fig. Ib, and the corres
ponding computed Landau-damping coefficients for 
transverse modes (~l = 1,2) are shown in Fig. lc 
(solid lines). The coefficients of least magnitude 
are seen to be reasonably well balanced and high 
(magnitude always larger than 1000 ~sec-l). The 
dotted line gives the Landau-damping coefficient 
(- E Ono/aE) for longitudinal instability. 

TO increase, in addition, the damping coeffi
cient for longitudinal instability, the magnetic 
field index has to be increased. In a compression 
cycle consisting of three stages (again with the 
solenoid present for eventual magnetic accelera
tion) the field index could be increased, computa
tionally, over a Wide radius range of the compres
sion cycle (Fig. 2b). Because of the dependence 
of the damping coefficients on n (Eqs. 5,6), not 
only the coefficient for longitudinal instabilities 
can be increased by approximately a factor of 4 
(Fig. lc and 2c), but also the damping coefficients 
for transverse motion can be kept always very high 
(Fig. 2c). Resonances, which necessarily have to 
be crossed (Fig. 2a), are traversed very rapidly. 

In addition to producing an attractive behav
iour of the betatron-oscillation frequencies during 
compression, provision of a B -field is seen to 
afford a flexible means for cgntrolling the Landau
damping coefficients. It may "Jell present grave 
technical problems in the design of an electron
ring device with a long acceleration section, but 
at least may be considered practicable for shorter 
structures intended for the acceleration of heavy 
ions by means of collective fields.7 

References 

1. G. R. Lambertson, D. Keefe, L. J. Laslett, W. 
A. Perkins, J. M. Peterson, and J. B. Rechen, 
"Recent Experiments on Forming Electron Rings 
at Berkeley", 1971 U. S. National Particle Accel
erator Cont. (Chicago, Illinois, USA, 1-3 I·jar. 
1971), UCRL-20183. 

2. D. Keefe, paper presented at this Conference. 

3. R. T. Avery and L. J. Laslett, paper presented 
at this Conference, UCRL-20684. 

4. A. ~f. Sessler , private communication, 4 Dec. 
1970. 

5. A. G. Bonch-Osrr~lovskii, et al., JINR-P9-4135 
(Dubna, USSR, Nov. 1968). 

6. A. G. Bonch-::)Sfr~lovskii, JINR-P9-5299 (Dubna, 
USSR, Aug. 1970). 

7. A. Schluter, private com~unication (Sept. 1969); 
see also P. l·ieyi<;el, 4th Hork ~:eeting on Collec
tive Ion Accelerators (Gayching, Germany, 4-5 
Feb. 1971) and "On B¢-Stabilization in the 

• 
\ 

'.-



Electron Ring Accelerator", Internal Ref'Ort of 
the MPI fur Plasmaphysik (Garching, Germany, 
March 1971). 

8. L. J. Laslett, LBL Internal Report ERAN-145, 
(May 17, 1971). 



B 

o 5 • 
f-Lsee-I 3 rd stage 

c 

, , 
\ 

\ 
\ 

10 • 15 
2nd stage 

1.0 

0.5 

o 

1.0 

0.5 

n 

R[em] 

20 0 

15000 

10000 

, a% 
' ......... ____ (-EaE 5000 

--....... fEas) 
~ ---------/~ aE A/ 1 

----.... I R [em] 1000 

B 

0 
f-L see-I 

c 

o .. I .----+. 0 0 

15 ,-(, as2)0 -1000 

.. - i-
5 

-1 
10 

___ .~ \E aE
A

/
2 

(E ~~)B/I -5000 

'\(E as) 
aE 8/2 

-10000 

.·n 

R[em] 5. 10 • 15 20 
3rd stage 2nd stage 

/'-', 
I , 

I , I 
I \ I 

I ',/ " ...... ,-
\ " . t.._Eaw., 

\ I aE 
, I 

, I , " , ," , ... _,. 

5 
. I 

10 I~ 
R[cm] ,. 
20 

Figure 1 - A) Betatron oscillation frequencies 
(a = without, b = with B~), B) Field 
index n and field ratio c£. = B~/Bz, 
C) Landau-damping coefficients, for a 
compressor similar to Compressor 5 with 
a supplemental B~-field. 

Figure 2 - The same quantities as in Fig. 1, for a 
compressor with high field index 
throughout the initial portion of the 
compression cycle. 
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