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PHYSICS

This is the first progress report submitted since my current grant was renewed and covers

progress made since the submission of the renewal proposal November 12, 1998. During

this period I have continued to spend approximately one half of my time at SLAC and many

of the projects reported here were carried out in collaboration with individuals and groups

at SLAC. Except where otherwise noted, reference numbers in the text refer to the attached

list of grant publications. Copies of not previously reported publications (asterisked in the

Iist), numbered in agreement with the publication Iist, are included with this report.

I. RECENT PROGRESS ON DAMPED DETUNED ACCELERATOR

STRUCTURES

A historical summary of SLAC accelerator structure R&D at 11.424 GHz is given in [57].

Table I in that publication includes detailed parameters of four detuned structures (including

two half length structures for the NLCTA injector), and four damped detuned structures

(three of which have been completed). It also contains a list of tasks for the future which

we will refer to at appropriate points in this report. [[mention which of these are

functioning as part of NLCTA?]] Activities during the review period included the

fabrication and completion of DDS3 [53] and its testing in the ASSET experiment [61]. It

has also included near completion of fabrication and quality control measurements for

RDDS 1 and design studies for RDDS2. We discuss these items separately below.

DDS3:

As discussed in [38] and summarized in the second progress report of the previous grant

renewal, the DDS3 design was modified from that of DDS1 in two respects: (1) the

manifold terminations were improved by redesigning the manifolds and mitered bends at

the downstream end terminating all of them with better matched windows, and (2) the

synchronous frequency distribution was modified so that Kdn/df rather than dnldf was

Gaussian, a change intended to improve the first few meters of the wake. The same
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manifold termination modifications were incorporated into DDS2 but not the frequency

distribution modifications. While DDS2 has been successfully incorporated into NLCTA,

it has not been tested in ASSET.

The fabrication of DDS3 was carried out as a collaboration between LLNL [53], KEK

[PAC99 Proc. p 3417], and SLAC. The precision machining of the cells was carried out at

LLNL using diamond point machining and a computer control loop to maintain cell

dimensions. As discussed in [53] due to an absence of adequate on site quality control

facilities cell dimensions were not adequately maintained, and due to pressure to complete

the structure in time for the scheduled ASSET test the dimensional errors were only

partially characterized by measurements at SLAC. Stacking, aligning, and diffusion

bonding were carried out with great care at KEK as reported at PAC99. Couplers,

manifold terminations, and supports were provided and assembled by SLAC. Another ‘

improvement of DDS3 over DDS1 was the careful control of the external structure diameter

with reference to the cell diameters, so that the internal alignment of the structure could be

assessed by external measurements.

The ASSET measurements of DDS3 are reported in [61]. The wakefield suppression

observed was much poorer than that computed for DDS3, and substantially poorer than that

observed for DDS 1. The computed wake for an error free structure is given in [40, Fig. 2

and 48, Fig. 3]. The experimental points are shown in Fig. 2 of [61] compared with

computed wakes which have been adjusted for cell frequency errors of 5 MHz rms and 12

MHz rms. The 5 MHz figure was estimated from limited QC measurements. It was

augmented to 12 MHz to best match the measurements. The design tolerance is 2 MHz.

The comparison of the manifold radiation based straightness determination with CMM

observations was much more successful as shown in [61] Fig. 4. The beam position is

varied so as to minimize the manifold power observed through a narrow band filter,

yielding abeam position assumed to be centered with respect to the cells which generate the

frequency band which passes the filter. This beam position as a function of frequency is

then remapped into position as a function of cell number making use of an equivalent circuit

calculation of the manifold radiation from cell localized beam displacements (as described in

[42]).
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RDDS1:

The RDDS (“rounded” DDS) structure concept is described in [40]. It replaces the

rectilinear cell profile of the DDS series with a rounded, shaped profile designed to improve

Q and shunt independence. The specific design of RDDS1 is discussed in [49], where cell

dimensions and detuning profiles are specified along with equivalent circuit wakefield

calculations. The predicted wakefield suppression (with realistic rather than ideal manifold

terminations) was similar to that predicted for DDS3 and was considered to be satisfactory.

We recall here that for structural convenience four cells at both the upstream and

downstream ends of the DDS structures were not connected to the manifolds. Calculations

had shown that the resultant degradation of the wake suppression was small. The

computed effect of end cell or cells decoupling on RDDS 1 is discussed in [59], where,

especially in the case of the designed four cells decoupled, substantial degradation of wake

suppression is shown. The spectral function shows seven relatively narrow modes in the

15.9 to 16.3 GHz range arising from the decoupling. These modes produce a “premature”

recoherance peak in the five to ten meter range. As discussed later a great deal of effort is

going into the design of RDDS2 to mitigate this problem. The fabrication of RDDS1 is too

far along to allow major design changes, but an accelerating mode output coupler

redesigned so that it also absorbs dipole

broaden the offending modes and is now

structure.

radiation from the last cell has been shown to

scheduled for inclusion in the finished RDDS1

The fabrication of the cells for RDDS1 is being carried out by KEK, using computer

controlled diamond turned machining techniques. This task is essentially completed.

Because of past experience, especially with DDS3, an intense effort has been made to fully

characterize the cells which are ultimately incorporated into the structure. Both CMM and

microwave measurements have been made for the fiducial cells for which the omega3 high

precision simulations have been carried out. All of the cells have been subject to

microwave measurements. These are of two sorts, referred to as single disc and six disc

stack measurements. The single disc measurements are carried out on special jigs designed

to allow accurate and rapid measurements of the zero and pi modes of the accelerating mode

band, the pi mode of the lower dipole band, and the zero mode of the upper dipole band.

These results can be used to accurately determine the 2pi/3 accelerating mode frequency and

the synchronous mode frequency of the lower dipole band. These measurements can be

automated and included in a structure manufacturing process. The microwave

measurement jig provides non contacting shorting plates with carefully designed (and
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tested) chokes, and the repeatability of the measurements has been carefully studied. The

six disc stack measurements are carried out in a similar way except that many more phase

advance modes can be studied. In particular the 2pi/3 accelerating mode frequency can be

directly measured,

diagrams.

A minor theoretical

and sufficient information can be obtained to construct the Brillouin

development was required to interpret the measurement of the detuned

six disc stacks. A shorted six disc stack forms a cavity consisting of two half cells and five

full cells. The modes of a uniform stack follow from Maxwell equation symmetry and

boundary conditions considerations. There are 24 low lying modes expected all in the

phase advance interval zero to pi and separated by 30 degrees. There are seven modes

from the acceleration band, six from the lower dipole (zero is missing), six from the upper

dipole band (pi is missing, and five from the manifold band (zero and pi are missing). One

might expect 28 low lying modes (four per cell and seven cells), the missing modes are a

consequence of the conducting boundaries of the half cells and the TE character of the

missing modes. This symmetry argument can not be appIied to a detuned stack, and it is

desirable to have an equivalent circuit interpretation of the dipole mode spectrum, one

which yields precisely 17 modes and reduces to the uniform stack case when the circuit

represents a uniform stack. The trick is to use a circuit which consists of TM and TE

resonant circuits coupled together in the usual way to one another and to the usual manifold

circuits [27] but modified as follows: The TM component is represented by seven circuits,

but the TE component and manifold are represented by five each. Thus the half cells are

represented by TM circuits only, and the fact that they are half cells is taken into account by

modifiing the coupling of these circuits to the adjacent TM and TE circuits. This model,

consisting as it does of 17 circuits has the required 17 modes and reproduces uniform

structure frequency and amplitude distributions exactly in the uniform parameter limit.

When applied to the detuned case it produces a mode spectrum almost identical to that of a

uniform structure with average parameters obtained by interpolation (e.g., for discs n,

n+l,..., n+5, parameters for disc n+2.5). The effect of the detuning on the amplitude

distributions is quite evident, however. We are thus in a position ~ocompare six disc stack

measurements with equivalent circuit predictions. The dimensions and parameters of the

discs were obtained by the mapping function technique [48], a technique which assumes

that virtually all dimensions and parameters can be regarded as functions of the

synchronous frequency. We have, however, never closed the loop by recalculating the

synchronous frequency from the parameters so obtained. Comparison of the stack

measurements with the equivalent circuit results will provide information on this subject. It
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is our intention to use the stack measurements to refine the equivalent circuit parameters

with the objective of obtaining a more precise wakefield prediction. To further this

objective omega3 simulations of six disc stacks are being carried out. These will provide a

further check on the mapping function technique. What is perhaps more important, it can

provide information on detuning corrections to the synchronous frequency [42 Fig. 3] and

to the kick factors.

Still on the agenda is a calculation of the contribution of higher dipole bands to the

transverse wake. Progress on this subject has been delayed by the need for additional

simulation work. While this work is necessary for precise wakefunction predictions, the

asset experiment does allow one to identify the band which is dominating the wake at any

particular trailing distance. The asset measurement of the wake envelope function requires

fine tuning of the witness bunch position so as to trace out the fine structure within the

envelope. The wavelength of this fine structure identifies the dipole band which is

generating the portion of the wake being measured.

In concluding this section on RDDS1 we remark that the predicted wakefunction with the

conventional output structure is not considered to be satisfactory. This is mitigated by the

modified output structure to be discussed later. An asset test is scheduled for the structure,

and the program objective is to demonstrate that the structure can be fabricated in

accordance with its specifications with allowable deviations measured, and that the

wakefunction is accurately represented by the equivalent circuit theory.

RDDS2:

Before discussing the plans for RDDS2 we digress to discuss wake suppression

requirements. An example of the kinds of study being made is reported in [60]. The wake

envelope function plots that we typically present tell only part of the story. The wake

envelope function represents the maximum of a wake function rapidly oscillating at a

frequency within the synchronous frequency band at a trailing distance s behind a wake

inducing charge bunch. (The envelope function itself also exhibits strong amplitude

variations representing its complex beat structure.) A bunch which is a member of a bunch

train, however, sees the sum of the wakes produced by all of the proceeding bunches.

Since the number of proceeding bunches varies from bunch to bunch and because the sum

wake is a sum of oscillating amplitudes there is a large variation of the wake from bunch to
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bunch. This gives rise to bunch dependent deflections and hence to emittance growth. The

standard deviation of the wake over the bunch train provides a measure of the effect, as

discussed in [Bane et al, SLAC-PUB-6581]. Because the individual wakes oscillate over a

scale short compared to the bunch spacing this standard deviation varies strongly with

respect to bunch spacing. This variation with bunch spacing is taken to be a measure of the

uncertainty in sum wake prediction. To assess the adequacy of wake suppression in any

particular structure a “worst case” analysis has been adopted. The sum wake standard

deviation is computed over a narrow range of bunch spacing about the correct spacing, and

the spacing which give rise to Iarge standard deviations are determined. The particle

tracking code LIAR [Assman et al, SLAC-PUB AP 103] is then used to track the bunches

down the length of the accelerator assuming the sum wakes associated with these largest

standard deviations and the emittance growths measured. For adequate wake suppression

these emittance growths should be limited to -3%.

As a second digression we note that the equivalent circuit theory has been modified to allow

the inclusion of internal loses [59]. In [59] we compare introducing shunt and series

resistances in the cell circuits [27] and conclude that the former is preferable because it

avoids the unphysical singularity in the wake impedance which is present in the series

resistance case. A matrix method is introduced to simplify the transformation of our circuit

equations into scaled variable form. The assumptions used in the derivation of the spectral

function method [28] are no longer valid when the circuits include resistive losses, but we

show without introducing integration contour manipulations that the same formalism

applies if the spectral function is replaced by the imaginary part of the impedance evaluated

just below the real axis, The following applications are discussed in [59]: (1) Copper

losses are estimated by assigning a Q of 6500 to each cell and the results are found to be in

agreement with our earlier practice of (phenominologically) multiplying the internal loss

free wake by an equivalent exponential decay factor, and (2) a Q of 1000 instead of 6500 is

assigned to the four manifold decoupled cells at the input and output ends of the structure.

The results of (2) are shown in Figs. 4 and 5 of [59] and are seen to lead to a large

improvement in the wake. Loss is added to the manifolds by introducing a shunt

conductance per unit length in the transmission line sections, a choice which here also

avoids unphysical singularities in the wake impedance. There are no applications in [59],

but we are currently in the process of investigating the effects of manifold losses and find

this to be another potential source of wake improvement.
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We list below a number of wake improving design modifications of the RDDS series which

are under consideration.

(1) Loading the dipole excitation of the final (i.e., the output) cell via the output coupler for

the accelerating mode. To take care of both polarizations a four waveguide output is

required. Such an output has been designed and an effective Q of 36 for the lower dipole

mode of the coupler cavity determined, assuming a yet to be designed matched load for the

waveguide terminations. Preliminary analysis of the effect of this coupler is very

promising and as mentioned previously it is also planned for incorporation into RDDS 1.

(2) Modifications of the cell detuning profile. The phrase “cell detuning profile” refers to a

smooth curve which represents the kick factor weighted density distribution of

synchronous frequencies. The profile is used to specify a synchronous frequency for each

cell. These frequencies are then used to provide the distribution of cell dimensions needed

for structure fabrication and the distribution of equivalent circuit parameters which are

required for equivalent circuit simulation as described in [38]. The profiles for DDS3 and

RDDS1 are truncated Gaussians. These are characterized by a central frequency, a width

parameter sigma, and a frequency span AF. The central frequency may be adjusted to

affect the positions of zero crossings in the wake amplitude and minima in the beat structure

of the wake envelope function. The width parameter affects the sharpness and depth of the

initial fall off especially relevant for the first -two trailing bunches, while the span affects

the fall off at larger distances. The idealized gaussian fall off with distance requires an

infinite span. Thus the necessarily finite span compromises the fall off for the more distant

trailing bunches, a circumstance which argues for a large span. On the other hand the small

numerical value of the profile in the wings of a large span imposes large frequency

spacings in these wings, a circumstance which leads to “premature” recoherance which

occurs before manifold darnping becomes effective. Since this latter effect is particularly

noticeable in RDDS 1, we have been studying the effect of modifying these parameters, and

the results obtained suggest that RDDS2 is likely to have a reduced span and an increased

width to span ratio. We have also been studying non gaussian profile functions. The

constant density profile intrinsically has a finite span and generates an idedized wake

envelope function of the form sinc(~) where ~ = n AFs. This profile has been rejected

because of the large amplitude bounces in the wake envelope function. However, these

bounces are suppressed in the function lsinc(~)~, and the associated profile functions also

have a finite span, obviating the need for truncation. The profile functions for the n = 3

-7-



and n = 4 cases have a gaussian like appearance, go to zero smoothly with zero slope in a

finite range, and are being explored for perhaps generating manifold damped wakes which

are superior to those generated by the truncated gaussians.

(3) Coupling all cells (except those which are apart of the coupler cavity) to the manifolds.

This is an obvious improvement which has been available all along but which has been

avoided because of engineering issues with potential added cost,

(4) Instead of (3), providing those currently decoupled cells with internal loads. It is

anticipated that the effects of (3) or (4) would be similar, and the choice between them

would be based upon cost and engineering issues.

(5) Adding loss to the manifolds. We have begun an investigation of this effect by

computing the manifold attenuation due to copper losses, and assessing its effect upon the

wake. One might have hoped for some improvement because the effect of reflection by the

manifold terminations should be reduced. Very little effect was observed, however,

probably because problem causing ceils are located near the downstream end of the

structure where insufficient manifold remains between the cells and the terminations for the

attenuation to have much effect. Manifold attenuation equivalent to intrinsic Q of a single

manifold section in the 400 to 600 range does, however, lead to substantial improvement,

and the possibility of achieving it in a cost effective manner is under investigation.

We conclude this RDDS2 section by noting that only (1) and (2) are likely to be

implemented for it, and it is our hope that some combination of them will be sufficient to

yield a satisfactory wake. Should additional improvement be needed, (3), (4), and (5)

provide reserve possibilities for inclusion in later RDDS designs.

II ALTERNATIVE PLANAR MILLIMETER WAVELENGTH

ACCELERATOR STRUCTURES

This subject was introduced and discussed in some detail in the most recent grant renewal

proposal. The structure proposed there has come to be known as the “zipper” structure as

there proposed. Since that time a fabricationrd scheme has been devised as reported in

[62], and fabrication of the first set of parts by RWI (Ron Witherspoon, Inc.) is nearing

completion under the auspices of the SLAC ARD-B group. An essential step, completed

since [62] was written, has been the design of a coupler structure. The coupler design, like
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everything else about the structure, was determined by fabricational considerations. A

simple asymmetric E-plane step in one wall of the coupler waveguides is dimensioned to

form a quarter wave transformer which connects the waveguides to the coupler cells. The

coupler cell depths [62, Fig. 2; the b dimension], the step height, and the transformer

length are adjusted to achieve a match. As discussed in the section on coupler design

simulations, the design by simulation proved to be quite challenging and provided the

impetus for the invention of the method there described.

When the parts are received they will be bolted together to permit cold test to check for

match and correct phase advance. This procedure will make possible dimensional

adjustments to correct for inaccuracy in the simulations. Subsequently the assembly is to

be completed by brazing and tested in the NLCTA beam.

III. PHOTONIC BAND GAP ACCELERATOR STRUCTURES

The current status of our wakefield and wakefield darnping studies are reported in [54],

which represents a published version of material presented in our most recent grant renewal

proposal. Our recent theoretical and computational design activity has been devoted to the

coupler problem. We first carried out some exploratory work with a coupling cell of the

PBG form, coup~ingit to a rectangular waveguide pair in a manner similar to that described

by [Shapiro et al, PAC99 833] but found that for all configurations that left the PBG

characteristics intact that the achievable coupling was much too weak. (Shapiro, et al

studied coupling to a PBG cavity rather than to a PBG accelerating structure with

conventional group velocity. While they achieved Q,Xtof the same order as Qo, a much

lower Q,X,is required for our proposed PBG structure.)

Because the fieId pattern of the accelerating mode of a PBG structure is very simikir to that

of a conventional structure, it had always seemed highly likely to us that a conventional pill

box coupler cavity design would work. We achieved satisfacto~ results with such a

coupler cavity using our new simulation procedure as discussed in the next section.

Plans for building test cells and accelerator structures in cooperation with the SLAC ARD-

B group are quite advanced, and the first test cell, a simple eight post structure without

beam aperture, has just been completed.
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IV. COUPLER DESIGN AND DESIGN METHODOLOGY

Numerical simulation procedures for designing waveguide couplers

structures are described in [Cho and Ko, Proc. CAP93 p243 1993]

to accelerator

and applied in

[130wdenet al, Proc. PAC99 p3426 1999] to the design of the input coupler for the NIX

Linac. Acoupler cavity is designed, intended to provide amatched connection between a

waveguide and a uniform accelerator structure with dimensions corresponding to the cell

adjacent to the coupler cavity. A symmetric structure consisting of two coupler cavities

(with associated waveguides) connected by a short section of accelerator structure (typically

two celk worth) is modeled and subjected to a (let us assume single frequency) time

domain simulation. The entire assembly is treated as a single structure with two wave

guide ports. The coupler cell dimensions are adjusted until an apparent match is achieved,

that is, until no reflection is experienced at the ports (the external matching condition). To

e~nate the possibility that the match arises from a fortuitous cancellation between

forward and backward waves within the accelerator structure, both the amplitude and phase

of the accelerating field on the beam axis are observed and required to have the periodicity

and phase advance properties appropriate to a pure traveling wave (the internal matching

condition). As a check one may add a cell to the accelerator structure and see whether all

these conditions are still satisfied. In practice the procedure (we refer to it as the standard

procedure) has been quite time consuming involving a trial and error procedure to satisfy

both conditions. Another limitation arises from the fact the method assumes that

evanescent bands can be neglected but provides no procedure for demonstrating their

absence.

We have invented a new simulation procedure which has been found to be much more

efficient, and also which provides information about the presence of evanescent bands.

The method was discovered in connection with our efforts to design a coupler for the

zipper structure [62] when we were unable to make any progress with the method

described above. It is based on a study of the (complex) accelerating field on the beam axis

generated by a single frequency time domain simulation carri~ to steady state for an

assembly like that described above but typicaIly with a three or more cell section of

accelerator structure between the two coupler cavities. As described in [62] section 4, one

forms the sum and difference of the complex field at two points on the beam axis separated

by two structure periods, and normalizes these quantities to the field at the point midway

between (Eq. 2 and 4 of [62]). The sum expression, as Eq. 2 [62] states, can be shown to

be equal to 2COS(V),where v is the phase advance per period. This is a very strong
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constraint because it requires that the expression be independent of the coordinate (call it ZO)

of the central point and independent of whether or not the couplers are matched (i.e.,

independent of the ratio of forward to backward waves in the structure). Also the value of

v obtained must be the same as that obtained from a single cell frequency domain

simulation with periodic boundary conditions. These conditions hold only if the fields are

represented by single band traveling waves [62, Eq. 1]. In the case of the zipper structure

these conditions were found not to hold. There were large fluctuations in the amplitude of

the sum expression which, when one increased the number of structure cells to 23, were

seen to die out more or less exponentially as one moved to the center of the structure. This

identified the problem as arising from an evanescent band which we identify with the

monopole band just above the fundamental band shown in [62, Fig. 3]. The closeness of

the two bands is, we believe, associated with the fact that the TE1, and TMll modes of

rectangular waveguide are degenerate. The vanes may be thought of as breaking the

rectangular symmetry, mixing TE and TM modes and splitting the degeneracy (see [62,

Fig. 2]). The structure can be matched with the standard procedure provided one applies

the internal matching condition to the inner cells only, where the effect of the evanescent

band has died out. It was actually matched, however, using the procedure described in the

next paragraph, We note here that the evanescent band problem is unusual, and also that its

effects can be avoided by using enough cells in the simulation. Hence in the following we

shall assume (as in Eq. I-4 of [62]) that only the band to be matched is excited.

The new matching procedure is based upon the determination of the ratio of the backward

propagating wave to the forward propagating wave within the accelerator structure section

(the quantity B(zJF(zO) in Eq. 3 of [62]). Backward and forward are defined with respect

to the input port designated in the simulation. Equation 3 [62] (without the absolute value

signs) defines this quantity in terms of v and the difference expression A[62, Eq. 4]. It is

to be understood as the reflection coefilcient RCfor the forward traveling wave by the

output coupler at the reference plane defined by Zo. Just as in the case of the analogous

quantity for a waveguide its absolute value should be independent of the position of the

reference plane, a property which provides an additional test for the absence of evanescent

bands. The matching condition is simply R, = O, and one can approach this condition in a

systematic way by observing the dependence of RCin the complex plane (at fixed ZO) m

coupler parameters are varied. We note that the constancy in ZOproperty expected for

COS(V)and lR~as computed above hold only if the points one period ahead and one period

behind ZOare also within the periodic structure. The reason that it is desirable to use at
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least three cells for the accelerating structure is to allow at least a one cell range for testing

constancy, thereby testing for evanescent bands. As it happens, however, none of the

applications discussed below (except the zipper) exhibited an evanescent band problem.

The method has been used to design the coupler for the zipper, for RDDS designs, and for

PBG structures. With reference to the RDDS designs we note that every change in the

design of the end cells requires a coupler redesign. The fact that these redesigns can be

done much more easily has an impact on ones willingness to consider design changes in

cells or in cell profiles. A case in point is the four port coupler cavity which has been

designed both to provide an output for the accelerating mode and damping for those dipole

modes that reach the end of the structure. These are typically modes which have been

decoupled from the manifolds through decoupling of the last cells from the manifolds in

RDDS1 [58]. The four port symmetry is necessary to provide damping for both dipole

mode polarizations. It also has the added advantage of eliminating the quadropole

distortion of the coupler fields present in our current two port coupler designs.

We have also taken advantage of the new method to study the long standing problem of

enhanced electric fields in couplers. It seemed clear to us that increasing the radius of the

iris that connects the coupler to the accelerator structure and simultaneously increasing the

waveguide to coupler cell coupling so as to preserve the match would be guaranteed to

reduce the general level of field strength in the coupler cavity. Our concerns were that it

might enhance the field in the cell adjacent to the coupler or that the field on the iris edges

might not be reduced even though the general level was reduced. We have found,

however, that none of our concerns were realized, and that the enlarged iris appears to

solve the problem completely. We have studied the field at the iris edges and find for the

standard case that the maximum field occurs just where cell damage has been observed,

We have also found that the problem is exacerbated by the quadropole component in a

manner consistent with the observed azimuthal variation of the damage. With the enlarged

iris, however, the largest fields are in the main accelerator section even in the presence of

the quadruple component in the coupler. We note that enlarging&e iris reduces the phase

advance in the cell adjacent to the coupler unless the radius of that cell is adjusted. The

effectiveness of this approach has been demonstrated both for the PBG structure and the

NLC couplers and is expected to have a general applicability.

There has been some recent discussion at SLAC on the effects of detuning on coupler

design. The standard practice has been to match the input coupler to a uniform structure
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based upon the dimensions of the first cell and the output coupler to a uniform structure

based upon the dimensions of the last cell. One depends upon the adiabatic change of

parameters to assure that the overall structure will be matched and that the accelerating field

will have little standing wave character. This discussion led us to reexamine 1994 NLC

NOTE-16 [51] which had been inadvertently omitted from previous “GR4NT

PUBLICATIONS AND REPORTS” lists. The work was originally done to see whether

detuning explained an overall phase advance discrepancy between experiment and a very

accurate YAP simulation. The answer to that question was negative, and the discrepancy

was explained by a subtle difference between the machined and simulated disc aperture

profile. With reference to the matching question, however, adiabaticity is limited by the

fact that the structure consists of a set of discrete cells, so that some departure from perfect

matching is to be expected. Reference [51] provides an estimate of the size of the effect.

The structure is perfectly matched by construction in the uniform structure sense since the

coupler cells are replaced by uniform periodic structures continuing indefinitely on the input

side with input cell dimensions and on the output side with output cell dimensions,

Nevertheless, Fig. 5 [51] shows a reflection of 0.0215 from the input coupler.

Examination of the field amplitudes in Fig. 8b,c,d [51] shows a standing wave pattern of

fixed amplitude and phase along the interior of the structure implying a reflection coefficient

of 0.013 at the output coupler. The reflection from the input side of the structure noted

above is the sum of the reflections from the input and output couplers. The localization of

the reflections at the two ends is thought to be due to the fact that the cell variations are

most rapid there. The effect would seem to be of little practical significance and it is

possible that it is eliminated by the cold test tuning procedure that is used to optimize the

match.

V. RF POWER HANDLING

This continues to be a very active,

own participation has been limited

AND DISTRIBUTION

varied, and exciting area of research at SLAC, but my

to a few specific areas, and I will not attempt in this

report to give a comprehensive review.

The H plane 3 dB hybrid described in the proposal has been fabricated, tested, and reported

in [55]. Two different versions are reported there, a two rung “ladder” configuration, and

the H conllguration described in the proposal. Both worked very well although the H

configuration was somewhat superior. As is apparent from Fig. 2 [55] it is a broader band

device, has significantly less misdirected power, and has a coupling of -2.96 dB as
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compared to the ideaI -3.01 dB and as compared to -3.19 for the ladder (at 11.424 GHz).

A version without the half post indentations [Fig. lb, 55] has been designed by making use

of the HFSS optimization package. An ingenious symmetric combination of four of these

hybrids to form a single eight port structure in a “cross potent” configuration as been

proposed by Chris Nantista. The internal connections are such that it performs the

functions of the four 3 dB hybrids required for the single mode DLDS. It is also playing a

central role in a new multimode launcher design. FoIlowing on another subject discussed

in the proposal, a number of tapers from circular to rectangular waveguide are described in

[56]. Reference [56] includes a table enumerating the adiabatic connections b>tween a

number of circular waveguide modes and square waveguide modes. It also contains a

design of a simple compact transducer from TEO1circular to TE02rectangular (Figs. 4 and 5

of [56]). Such a transducer also provides an element in a TEO1bend, since, as implied by

[2], it is straightforward to design a rectangular bend which preserves the TEOZmode.

There has been a major experimental effort to study long distance transmission in highly

overmoded circular waveguide. The experiment was sited at the ATF facility at KEK and

involved 55 meters of 12.065 cm diameter circular waveguide, a guide which supports 94

propagating modes at 11.424 GHz. The focus of the experiment was the propagation

characteristics of the TElz mode. There has been major concern that, propagating over a

long distance, tiny departures from circular symmetry would cause the polarization to

wander. The proposed multimode DLDS scheme uses both polarizations of this mode,

and proper power distribution requires that their linear polarizations remain linear and freed

in direction as they propagate. There is a draft of a long paper which describes the

experiment in detail, including a description of the many RF components developed for

DLDS application that were used in the experiment. The experimental set up also included

RF components for correcting polarization wander, but they turned out to be unnecessary

as essentially none was observed. There is a virtual degeneracy between the TEIZ and TEgl

modes (as well as the exact one between the two TEIZ polarizations) and some small

conversion was observed to it. The experiment successfully demonstrated possibility of

using the TEIZmode in the DLDS system as planned. The over&l losses were small and

compared relatively well with theory.
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