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MICROWAVE MEASUREMENTS OF AZIMUTHAL ASYMMETRIES IN

SLAC-PUB-~307¢
DE83 012705

ACCELERATING FIELDS OF DISK-LOADED WAVEGUIDES*

NOTICE

This mmmum:mmywp.mﬁﬁrmu of atimuthal
asymmetrics ip the aceclerating fields of tho SLAC disk-londed
wavegdide. These feld asymmetries lead to RF phase-dependent
beam stecting which ean be detrimental to operstion of linear

aceclcrators in goneral and of the SLAC Linear in par-
ticulsr.
Intsoducilon
The work Eﬂmmed here waz molivated by iwo questions,
the first one over from 2o old vnexpliined observation
in the SLAC linae, ihe second one prompted by o tical

requiremont of the SILAC Linear Collider {S1.C}. When the
SLAC linae wos being designed, it was understood that am-
plitude asyinmetrics ig the acceleratiug Aeld? which bad been
observed olong the x-axis (see Fig. 1) of the inpul and output
coupling cavitics of the disk-lozded waveguide (DLWG] w3uld
Jead to RF-dependent transverse beam deflection. As a re-
suli, tho amplitude asymmetry was simost entirely comrected
by a mechanical offset of the couplers, The phase asymmetry
along the x-axis which was discovered after beginning of linac
construction could not be corrected by s mechanical change
within each section and it was compensated for by an alter-
nation of the coupler arivntation accurding to 3 scheme called
[abab-babn). Alier the Jinac was put inlo operation, it was
found that the coupler corrections had indeed been quite suc-
ecssTul in compensating for field asymmetries along the x-axis
of the eouplers, but that other steering effecta, both in x and
ip y, wore apparent.? More recent measurements takea in 1080
shawed that for & gradient of 7 MeV/m, several linac girders
[eonsisting of four accelerator sections] produced RE trans-
verse kicks in phase with acceleration {cosine-tike, as will be
seen below) of up to 18 keV/e, both in x and y. It was also
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Fig. ). Inpul of disk-londed waveguide section showing co-
ordinates and force components due to amplitude and phase
avminciries,
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diseovered by uwsing short RF aod beam pulses that these of-
fects were ofien esused by the maia body of the sections and
not necessarily by the couplers. Sinee thess effects wete tao
large to be explained by scetion or girder misalignment, it was
thought that perhaps some internal misaligament ar imgerfee
tion of the disks snd cylinders in the DLWG which could not be
seen from tbe cutside might be eausing the prablem. Curiosity
about this unresolved question was recentiy revived when the
timee came {0 select 8 SLAC 3.03 m - sectina for the first com-
pressor section of the SLC? In the the electron acd
positron bunches which emerge from !g:a damping rings are 4
or 5 limes longer than in the linsc and instead of riding cloae to
the accelerating crest, must be centered 90 ahead of the crest.
RF pbase-dependent momentum kicks which are not corzected
can lead lo unacceplable emillanee growtih, Could microwave
meascrements op a seciion be used to defect apiplitude and
phase asymmetrics, or at least to set gp upper limit on their
mazgaitude, therchy allowing to sort out an undesirable DLWG
section before installetion?

Teangverse Momentum Kieks duve to
Accelerating Field Asymmoteies

Referring to Fig. 1, the transverse momentum Ap imparted
1o an cleetron traveling at an angle 0 with respect to the ace
celerating erest (9 = 0) is givey by:!

eE\d
Pl i el _

T 2e o o .tna) m
where Ap ran be in the x or y direction (or both) depending
on the direction of the phase asymmotry A¢é or the amplh
tude asrmmelg AE{E; measured aleng & of y over a beam
aperture 20; E; is the axiat accelorating Geld, d is the eav.
ity tength along which the asymmetzies are measured and av-
eraged, and M is the wavelength. To {llusteate the magai-
tude of the quantities involved, il might be pointed out that
when the conplers were originally built, it is befieved that
the quantity AEJE; along the x-axis over the beam apey
tuse 20 was reSuced to @158, Thus, for example for 26 ~
2.5 em, AE{20E, = 0.04/moter, d = 3.5 ¢m, A =105 ¢m
and eE; = 10 McV/m (the presently chosen accelerating gra-
dical in the compressar), Ap; = 0.234 ain® keéV/m. Note that
in the crmpressor, the bunch which has 2 &, of & mm or 20° i
limited by a trapsverse beam clippiog to a tatal lengih {0, =
807 contered around 8 = —~90°. Thus the teansverse momen-
tum imparted to the central clectraa is 0.23¢ keV/c whereas
the extreme electrous receive momenta of 0.150 keV /e, both in
the same direction. These quantitics nre extruncly small and if
neressary can be compensated for by a de stesring dipole. Cone
versely, a phase asymmetsy or skening of Adf% = 1.4%fem
slong the x-axis i the inpot coupler leads to a iransverse mo-
menivin Apgy = 2.2 cosd keV/e whish is equal to zem for the
center of the bunch but has gpposite values of £7.84 keV/fe
fur the vxtreme electrons at X30° Nrom the conter. This efect
woull reault fo 3 transverse shearing of the bunch. Fortu-
rately, 1o lirst order, it ean be compunsated for by a minor
angular tilt (22p/Ap;) of the section. .

Microwave Mcasgeements

In order 10 cxplose the extent of possibl> amplitude and
phase asymmetties in the DIAVG canstant.gradient scetion to
be selectedd for the SLC compressor {3.03 m long, 88 eavities), it
was neeessary (o build a very aceurale mechonieal and RF sets
up which is shown in Fig. 2. The principle of the measurement
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Fiz. 2. Mechanical and RF measurement set-up.

Is that if a small bead is placed inside an RF exeited structure
at coordinate {2, y, 2), the perturbation causes g small amount
of power o be reflected, whose amplitnde E{z) is shows in
Fig. 3 and given by:

El)=K E—";(’T'—' Edz) 2

where K is o constani which dopends on the bead, Bz, y, 3) is
the eloctric ficld at the bead, P(z) is the forward r-wer flowing
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Fig. 3, Effect of bead perturbation showing veetorial relation:
ship betwaen incident (£, reflccted (Er) end transmitted (£r)
waves.

- meross the structore at z and

e cieni which is measu

- showg

2z

. i the incident wave ampli-
tude which [s proportional to \/P(s). The reflection coelBeient
st the bead Is then pz) = E;(z)/Ey(z). The, reflection coefli-

E{O)/E{0). Por ea stienystion per uoit epgth o it emy
at . L LM A ianys Ayt iy

Lkt s

This s an interesting vesult because it shows that fo7 »
constani-gradient structare where for integer 1,
E(z,n2Y= E(z,5,5 £ nd), p(0) s independent of which eav-
ity the bead s Io and only depends on X and y. Assuming
that E;{0) ia constant, the square root of E,(Q) measured in
the reflected arm of the reficctomeler is then proportional to
Eiz, 9, 2)-

Given the vaetorial relationship between By, E; and By
(the transmitted wave) shown in Fig. 3, 25 Jong 2s By temains
sal], the angle between E’.- and £, Is very close to 60° apd
to first order does not change. ‘Thus, 3 measurement of the
phase change of E, with respect to E;(0) at the phase bridge
is also a measurement of the phase change of £{2). The phase
bridge showa in Fig. 2 which uses a double-balanced mixer
was inseositive to amplitede varfations. Agcurate phase mea-
suraments were made by reading a calitr-ted precision pbase
shifter which was used to zcro the bridge output afler each
bead movenent.

Each of the 86 cavities of the compressor section was
seanned with the bead. Amplitude and pbase variations were
pluticd by hand for a few caxities (see Fig. 4) but phass vari-
ations were recorded for every single cavity by means of sn
x-y recarder (sce Fig. §). ‘The points in Fig. 4 were obtained
for n grid of 13 points per cavity io each plane (x and y) as
shown {2=0, £4/4, £d/2, x and ¥ = 0, £0.5 cm}. The ampii-
tude plats show the effeet of the space barmopies.? As is well

known, these are collinear and all jo phaseia the center of the
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Fig. 4. Phase and amplitude variations as plotied in successive
eavities at various x,y and 2 coordinates.

at the ipput of thiscétion is p{0) = .
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Fig. 5. Phase variations jn transverse planes of carly
{a} and late (b) cavities showing change in phase
“bowing.® The continuovus lines, which represent a

20 phase variation of about 1° between center (x = ¥
1 p =0) and disk edge (x or y =e 0} at £ == 34 mm, are
g [ 4 symmetrical with respect to the z-axis, The dashed
3 @ lines are *skewed® and give s net asymmetry Ad.
w B Center Do
gt=dmm 220 ¢4 ta=Amm  2=0 z=+4mm
T —
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eavity (z = 0) and nllemainli in phose anu 150° out of phase
at the disk edge (z == 1d/2 e resulting ficld variations
are on the order of 3 to 1 as shown, The amplitude measure-
ments as o function of £ and y were reliable 10 an aceuracy of
1°¢ for x and ¥ = +0.56 em, giving an cquivalent upper limit
10 AE/20E; of 1/m, of Apmes < 5.85keV /e per cavity for
the compressor. Since the amplitude measurements were very
time-consuming and eatlier beam measurements on the accel
erator bad not shown any sysiematie sind-like steering cilects
[sce Eq. (1)), only a few cavities were scanned carefully.

The phase measurements were made much more systemat-
feally in cach eavity becnuse, indend, most of the past beam-
steering observations had been cosé-like. Figure 4 shows the
120° phase advance per cavity characteristic of the 27/3 mode
used at SLAC, Note the difference between the plots for x and
y = 0 and those for x and y = £0.5 cm. This difference can
be better understood by looking at the solid line phase varia-

tions (leading on-axis and lagging off-axis) shown in Fig. S(a) .

which exhibit “phase bowing® as one approaches the disk ra-
dius where the phase is more nearly stationary. In the first
50 or 50 cavities, the phase bowing exhibited mirror symme.
try with raspect to the 3 = 0 plane of the cavity. In the last
few cavities, however, il assumed a shape like in Fig. 5(b).
This gradual flip-aver scemed to be related to the thickness
and dicleetrie constant of the string and is bricBy discussed
below, The uncertainly introduced by this observation was
elimicated by turning the etructure around, thereby switch-
ing iaput and outputl. Then the downstream cavity patterns
looked again as in Fig. 5{a}. The transverse phasc asymmetry
was measured by cxamining each of three planes per cavity (z
=0, 2= +0.4 em) and g whether there was any average
phase skewing over the beam aperfure as indicated schemati-
cally by the dashed phase lines. The input coupler was found
to have a phass skening of 1.2°fem and the output coupler of
=0.6%fem. All other eavities seemed to be symmetrical lo at
least 0,03% ~0.1°fem, which was the limit of accuracy to which
the measurements could be made. A phaxe skewing of 0.1°fem
represents o masinmm Agp at the 22; cdge of the beam in the
compressor of £9.05 keV/e. Assuming that 1hese asymmetries
of < 0.1°/¢m are random in sign and therefore not additive
{i.e. they average oul to zero net transverse momentum), one
would hove to assume that o section with such characteristies
is nceeptable for the compressor. The transverse momentum
kicks on the order of 5-15 keV/e produeed By a number of
SLLAC linae girders and observed on the beam along both x
and y axes would have to be explained by non-random me-
chanicgl cffects or some other phenomenon.

Experimental Conditions

A few of the stringent experimental conditions which made
these icsts possible are discussed below:

{a) The entire DLWG-roctangulat waveguide set-up bad
to be temperature stabilized to within 2£0.1°C atl 25°C and
purged constantly with dry Nitrogen at the same temperature.

(b) After considerable experimentation, the best bead
turned oxt to be a hollow hypodermic needle (1.D. = 6.15 mm,
O.D. = 0.3 mm, leogth = 7.3 mm) which, when in the center
of the eavity, introduced a reflection cocfficlent p(0) = 0.08
{YSWR = 117). The best siring bad 2n O.D. of 0.13 mm.
The reflecting introduced by its presence was about 0.02. This
reflection (t ‘getber with a¥) other imperfections of the section)
was matched out externally to a (0] = 0.005 before the nee-
dle was introduced into the section. A thicker string was used
at first bul turned out to already produce the effect shown in
Fig. 3(b) when the needle was half-way through the section.
Although this effeet is not well understood, it is suspected that
it has to do with the loeal p(z) which, toward the outpnt of the
section, is 3.12 times larger than at ¢ = 0, j.e. 0.2, duye to
attennation. When p(2) reaches this magnitude, the perturba-
tion measurcment loges its validity.

{c} The positioning of the needle in X and y was made
repeatable to 0,05 mm. This was verlfied with a boreseope.
The drive mechanism shown in Fig, 2 consisted of a motor
and three anti-backlash gears which drove the string by means
of two parallel micrometers, one at each end of the section.
The mierometers tracked to within 10 microns of each otber.
The effect of the catenary of the string wos minimized by only
sweeping it ie the horizontal plage. The section was rotated
by 00° {0 scan the section in the atber plane. The z-coordinate
of the ncedle was chocked frequently by driving it to one cad
or 1he other of the section. The center of each cavity (z = 0
was lorated by scarebing the plane for maximum p(0).
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