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Abstract: There havbeen numerous studiexamining the thermal heating. Whether thegmblemsare fatal or not can
use of dielectric materials in accelerating structures in tlomly be answered through experiments.
past. Such studiesand related experiments generally In this paper, weliscuss reference parameter setsfith
concluded that dielectric losses, with the resultiigh power S- and X-band structuresand show that dielectric loaded
requirements, andield breakdown problems made suchdevices may now beractical andhave certain advantages
devicesnot very attractive. However, development dfigh over conventional iris loaded structures. Preliminary
dielectric constaniow lossmaterials plus new demands forexperimental test results of X-band dielectdevices are
emittance preserving acceleration warramtes look at the reported here in section 5.
idea. In this paper, wdiscuss reference parameter designs
for S-bandand X-band structuresand show that dielectric 1l. A Travelling Wave Dielectric Loaded Accelerating
loaded guide may now b@ractical and have certain Structure
advantages over conventionairis loaded structures.
Preliminary experimental test results of X-band dielectric The dielectric travellingwave acceleratorhas simple
devices are reported. geometry. Considering a cylindrical structure partially filled
with dielectric materialg) with inner radius aguter radius b
| . Introduction andconducting wall on the outside. There are d@wports
on the siddor RF coupling purposes, as shown in Figure 1.
The proposed use of rf driven dielectric based structur&he axial electridields insidethe structure can ksolved for
for particle acceleratioman be traced to thearly 50’s [1]. exactly as
Since then, numerousstudies have examined these of RF In RF Out
dielectric materials in accelerating structures. Such studies
and related experiments generally concludédat high
dielectric losses with the consequent high power
requirements, andield breakdown problems made such
devices unattractive compared with conventional copper
cavity. However, recent development ohigh dielectric I
constant £ ~ 20 -40 ),low lossmaterials (Q~ 10,000 - _. o ) ]
40,000) [2] plus new demands for emittance preservirﬁjg”re, 1. Schematic diagram of a dielelectric loaded
acceleration warrant a new look at the idea [3,4]. travelling wave accelerator.
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Some potential advantages ¢he dielectridoaded 1 ~ ik z-wy
structures are: Ez( )(w,r,z,t) =B, Io(kr)e
» Simplicity of fabrication - thelevice islittle morethan a (1)

; . . i(k_z-owt)
tube of dielectric surrounded by a conducting walle (2) - z
y g 'EZ (@.r.z,t)=[B J (s 9+ D Ns e

cylinder. This can be a great advantafge high
frequency (10Ghz) structures compared to conventionaHere E,, B, and D, are thefield amplitudes in the region
structures. Alsahe relatively small diameter of these g (vacuum)and 1(dielectric) respectiveland areelated by
devices facilitates placement of quadrupadesund the poundary conditions,and
structures. 2
« Reducedsingle bunch beam break-@BBU) - thelowest (2 = (o_(l_ B2)
frequency deflecting mode is almost always lowen 02
that of the acceleration mode. 2 )
+  Simple reduction of coupled bunch - bureffects - it 2 :w—(BZs ~1)
has been showrthat it is relatively straightforward to v2

build deflectiondamping into dielectric structure sioat .3~ \ = (s/kis phasevelocity of the wave travellin
very large absorption (. e. 250 dB/m) afl but TM, W Be = v =w/kis p v wav vering

modes can be obtained [5]. inside the tube. Therefofgé determines the synchronism of
Potential problems for dielectric loaded structures aff®Wwaveand theaccelerated particles. By properly choosing

charge accumulation from beam halo, surface breakdown P @nde€, one can adjust phaselocity accordingly. Thus
this proposed scheme workst only for electron acceleration



which typically has highphasevelocity, but also for low gradients, we could certainly tapénre dielectridubes to

phase velocity particle acceleration, such as required foachieve a constargradient acceleration structure.

heavy ions. The transverse electric field can be written as

i oE
E, = z 3)

Loy
Vv

and the magnetidield H =¢E, everywhereinside the

¢
tube. By matching thboundary conditions at and b E,

and D, continous), all thefields componentscan be
calculated accordingly.

The storecenergy peunit length U in thdube isthe sum
of contributions from both vacuuemnddielectric regions, and

can be expressed as

But we

believethat a constanimpedance structure would show the

same characteristics as constant gradiemi

comparison can be made.

a. S band structures

a fair

We have developed a setffonsistant computecode to
calculated the properties of the dielectric travelliwgve

structures.

Thdollowing table summarisethe results for

two possibledielectric S-band structures. As shown in this
table, the groupvelocity is much higherthan SLAC cavity
although HEM11 is lower.

Table I: DLG Reference Design for S - Band

U =Uj, +Ugut Scheme I I
2 2 Material MgCaTi BaTi
= glﬂf (eegE™ +pupB™)rdr (4) ¢ (diele. const.) 20 35
’ Loss tangend 10* 3x10°
= E02u Inner Radius a 0.5cm 0.5cm
. . . Outer Radius b 1.20 cm 1.09 cm
whereu is a geometric factor whickolely depends on the HEM11 2304 GHz 2 71 GHz
structure geometnand dielectric constant. For a given RFShunt imoed 1(') MO/ 7 4 NO/m
power,the axial electric field in the center region of thke pea. :
can be expressed as group velocity 0.05¢ 0.028 ¢
1 Attenuation 0.6 dB/m 0.36 dB/m
E. = ]§ (5) Power required 20 MW 13.6 MW
0 UB4C (10MV/m)
g
where is the groupvelocity. The dielectridossper unit | 11 4 GHz structures

length is'then found from:

2w gyt 6 We have also consideredo possibledesigns for X-band
" U +U; | ) structure (11.4 Ghz). Unlike thease in S-bandhe group
in

The electricfields in the vacuum regiodescribed by 0.04c [5].

velocity forthe NLC design is irthe rangdrom 0.03 ¢ ~

Thus dielectric loaded structure is having a

equation 1 and 3 have very interesting chraracteristics. Wh@jmparableshuntimpedenceand groupvelocity asindicated

k-0, i.e., the phaseelocity ofthe wave is c,E, is constant in the table below.

in r. This implieghat there are nfncusingand de-focusing

forces for a relativisticparticle travelling inside theacuum Table Il: DLG Reference Design for X - Band

chamber. This is criticafor emittance preserving in thematerial MgCaTi BaTi
Linear Accelerator, particularly fothe highbrightness ¢ (diele. const.) 20 35
electron gun development. Loss tangend 104 3x10°
Inner Radius a 0.3cm 0.3cm
[ll. Design for S- and X- Band Linac Structures Outer Radius b 0.456 cm 0.416 cm
HEM11 9.96 Hz 10.2 GHz
There were proposed schemessing S-Band dielectric Shunt Imped. 37 MQ/m 47 MQ/m
structures in the last severgdars [3,4]. Inthe past, the group velocity 0.057 ¢ 0.035 ¢
dielectric materials available have the characteristics @kienuation 1.2 dB/m 1.1 dB/m
relatively smalle (<10) and relative high losstangent § >  pgower required 2.73 MW 2.02 MW
10-4). However, recently dielectric materials vdth 20,6 < (10Mv/m)

10-4 and with DCbreakdown voltage > 10 MV/m have

become commerciallgvailable [2]. Inthis section, weshow  As shown above, one tiie common characteristics af the

several design parameters with different dielectric constarguctures isthat thefrequency of HEM11 (first deflection
and loss tangents. We compare our design resultsSNAIC  mode) is lowethan that of thecceleration modesBecause
S-band and NLC X-band conventiona cavity designsghe deflection force is a function of sin(kz), this impliessy
Although both SLACand NLC designs were for constantyifferent and improved conditions for single bunch BBU



problem compared to conventional structures where tl
HEML11 is always digher infrequecythan theacceleration
mode TMO1.

dielectric

IV. Dampening higher ordemmodes in the

structures

Unlike conventional disk loaded acceleratogn axial
symmetric mode dampenimgin beachieved easily by cutting
some longitudinal slots inthe conducting wall. The
deflection modesare non-axisymmetribybrids containing
both axial electriand magnetidields. These hybrid modes
are comprised dll six cylindricalfield componentandwill
require both azimuthal and axgdrface currents otfnie outer
conductor. If the outer conductor is segmentedlitov only
axial surface currentsthe deflection modes willnot be
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confinedandwill be radiatedbeyondthe outer wall. If this Figure 2. S11 of the optimally coupled waveguide results.

outer region is filled with rf absorbing material, ttheflection
modes will be highly attenuated. Test thie benchand with
electron beam at AATF [6] have showhat 200 dB/m
attentuation can be achieved easily.

V. Constructiorandtest of an 11.45Hz prototype dielectric
structures

We have constructed a 11.@Hz dielectric loaded
travelling wave accelerating structure using dielectfiom
TransTech, with dimensions af= 2.9 mmb = 4.59 mmand
dielectric constant of 20. The length of the structure is 10 ci
This is a comparable structure as in the Type | of the Table

It is also important to emphasiteat efficient rf coupling
to dielectric structures is required for wakefield step-u
transformers. The results obtained here alieectly
applicable to the optimized design of tbeupled wake tube
device experiments planned for the AWA [6].

The RF coupling scheme wesed here issimiliar to
conventional disk-washer RF cavities (Side couplede\.,
Impedance matching of the coupling slotsis more difficult ig
the high ¢ dielectric case becauske outer radius of the
dielectric tube ismuch smallerthan thewaveguide. By or
careful adjustment of the coupling slots and monitoring the %hl
parameters using an HP8510C network analyzer, we haﬁ/
achieved reflection S11< - 28 @¢hdS21 > -1.8 dB @ 11.45
Ghz as shown in the Figure 2 and 3 respectively.

We have also tested a standimgve dielectric structure
with an RF side coupled port. We achieved following S11<
30dB @ 11.39 Ghz. ThHeaded Q fronthis measurement is 1
5000, which is in agreement with the manufacturer’s’
specification.

We plan to continue engineeringtudies of this
accelerating structure with improved RF coupling ang
mechanical fixture to allow operation in vacuurwith 100 '
MW power, wecan test this structure at 60 MV/m gradient.”
We are planning to perform ttégh power testsising the X- 5
band rf system at SLAC/NLCTA. 6.

S21 (dB)

aveguide as a viable alternative fohne
tructures.
competitive, particularly witithe higherfrequency demand
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Figure 3. S21 for the optimally coupled wave

In summary, we have studied the dielectt@maded
accelerating
We have showthat this structure can be

the futurenigh energy machine.Somepratical issue can
y be answeredhrough careful experimental studies and

&w materials developmenthis work is supported by DOE,
High Energy Physics Divisioander contracNo. W-31-109-
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