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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
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PROPAGATION CHARACTERISTICS IN A

HOLLOW PLASMA WAVLEGUIDE™

: Jos‘eph E. Katz

Lawrence Radiation Laboratory
‘University of California
Berkeley, California

~November 2, 196_7

1z has been previously demonstrated theoretically™’ 2 that, if -

~ -, Coulomb collisions are the primary source of energy loss, a hollow

- plaémaf wéveégide or cavity resonator can have a much lower atte‘lnuativo'n'.
“or higher Q-factor than a hollow copper anegﬁide. The aBility to con-
' stfuct wavegu'ides that have low losses is of considerable interest to’
designers of high~energy particvle accelerators of the rf linear accel-
erator type.  For particle accelerator applications it is necessary t§
maintain s_ynchronism 'befween the particle beam and the rf vwave
 supplying energy to the. beam. Theréfore, any proposéd accelerétor
waveguide musf guide waves of electromagnetic energy with a phase
. velocity no greater than thé velocity of light. - |

The earlier theoretical ‘treatn.flents analg;zed éniy fést-wave
plasma waveguides. These earlier analytical demonstrations were
‘made under the simplifying assumptions of infinite static rhagnetic
field and infinite outer radius of the plasma column. The promise of_
lower-loss strucfures led to the eXperifnental investigations, which
showed that the losses may actually be higher by a factor of 3 to 4
than predicted on theory. 3

This letter presents a summary of the results obtained from

computer solutions of the dispersion relation of a hollow plasma
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" .'-'wavegmde of f1mte transverse d1mensmns .md a’ £m1te ax1al magnetm

‘:._.}'ﬁeld 4 These results ShOW" (a) that 1t 1s possxble to gu1de the appro- R

e pr1ate slow waves by a smooth hollow plasma wavegulde, and

) (b) that desplte the hlgher values of colhsmn frequency found experi- ) |

. mentally, a plasma wavegu1de can ha.ve losses lower than a copper

| . wavegulde. The structure conS1dered cons1sted of an evacuated central
cY11ndr1cal reglon of rad1us Rg» surrounded by an annular plasma.
reglon contammg a fully 1on1zed umformly distributed gas with no

_ tlme var1at10ns of the plasma propert1es, the’ plasma reglon is con- '

oy ta1ned w1th1n an outer copper conductor of rad1us R W'

L guide of radius R

The d1spers1on relation for finite axxal magnetlc fields for theA
structure descr1bed above cannot be solved practlcally except by |
inumerlcal methods on a large-scale dig1tal computer.

o Under the conditiVOns ‘of a finite axial magnetic field, hybrid.
:..ane solutions eXist It has been prev10usly shown5 that it is p0331ble
,. to f1nd solutlons that consist of predommantly transverse magnetm - .
':.'waves. It is waves of' such type that are desirable for poss1b1e‘ particle '
accelerator apphcatmns. | |

The phase charactenstms shown in Fig, { were obtained for
several values of externa.l ax1a1 magnetlc ‘field. ! For each curve shown.. |
o "-"Athe ratio of cyclotron frequency, wc, to plasma frequencY,y wp, was

held constant. The cutoff freque‘ncy, wo‘, of the hollow plasma’ wa.veguide
‘ is lower than the‘. TMg, mode‘cutoff> frequency of a round copper’ wa‘ve-
o because of penetration of,the rf fields into thev
'plasma'region.: If the ratio of plasma frequen'cp to the rf freclu:encY;‘

-wp/wO’ 'is increased, the penetration of the rf fields into the plasma



-3- -~ UCRL-17721 Rev.

rt_.Egion'vivs dec?edsed-.' Req :is theradms ‘of":an éﬁu;valent cOPPe?_Wave-
guide with the same TMO1 mode cutoff frequency as the hollow plasma
- waveguide. |
| The imp.or_ta..nt: result ap}‘)a.rent in thé curves shown in Fig. .1 is‘
‘that the phase Velocity-of the resulting TM Waves may be smoothly
| adjusted over a wide range from fast to slow with respect to the velocity
’ of light by varying the axial magnetic field of the hollow Aplasma wave -
~ guide. (It should also be restated that the structure considered is uni-
form in the axial direction.)

The results of the theoretical calculations of the attenuation of
. a hollow plama waveguide as éompared _with that of an equivalent copper |
* waveguide for several ratios of collision frequency, V,to rf frequency,. .
w, are shown in Fi‘g. 2, ;I‘he losses of such a wavegﬁide may, under
certain combinations of pl‘a.srlna. propérfies, be'vsigniﬁcantly lower than
that of bccv:nventiona'l coppef waveguides, despite the fact that experi-
inentally determined plasma losses are higher than those calculated
o | from classical collision proéésses. o

The Work discussed h.ere was submitted .invpartial satisféction
of the requireménts for the Master of ‘S\‘:.i'ence degree at the Univeréity
of Ca.lifornia., in Berkeley. The'assisté,nce and guidance of Professor °
YJ.Y R. Woodyard and Professor A, J. Lichtenberg are gratefully

| acknowlédged.
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# _List of Fipures

Fig.l 1, Hollow pldsma. Waveguide phase clluracteristics;

R /Ry = 3.0, o;'p/wo' =,4'0’ _v/w__= o_.'

. -+ Fig., 2. Ratio of hollow plasma Waveguide to equivalent copper guide

attenuation;

| 'RW/RO :.1,5, wp/wo = 4.0, wc/wQ:. 1.25, =
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- TMg, Mode

6.0G} " Equivalent metal guide

7.20 . " 9.60 - 12.00
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. v

As used 1in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








