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Abstract

The longitudina accelerating field £, has been measured as a
function of azimuthal angleinthefull cell of the cold test model
for the 1.6 cell BNL/SLAC/UCLA #3 S-band RF Gun using a
needle rotation / frequency perturbation technique [1]. These
measurements were conducted before and after symmetrizing
the full cell with a vacuum pump out port and an adjustable
short. Two different waveguide to full cell coupling schemes
were studied. The dipole mode of the full cell is an order of
magnitude | ess severe before symmetrization for the 6-coupling
scheme. The multi-pole contribution to the longitudina field
asymmetry are calculated using standard Fourier series tech-
niques. The Panofsky-Wenzel theorem [2] isused in estimating
the transverse emittance dueto the multipole componentsof F, .

I. INTRODUCTION

To produce high brightnesslow emittance el ectron beams nec-
essary for X-ray FEL application such asthe LCLS[3] we have
developed a 1.6 cell emittance compensated S-band photocath-
ode RF Gun that is designed to minimize emittance growth due
tothedipolecomponent of E,. To accomplishthiswehavedim-
inated the side coupling into the half cell that isused in the orig-
inal BNL RF gun design [4], which is designed to suppress the
zero-mode. The coupling between the two cells was improved
by an increase in the beam iris, which aso increased the mode
separation between the zero and m-modes. The coupling be-
tween thewaveguideand full cell wasstudied usingtwo different
coupling schemes. The full cell was symmetrized to minimize
emittance growth due to the 7'M, mode. The half cell length
has been increased to provide more RF focusing. Resistivetem-
perature control was elected over water cooling to facilitate de-
sign and minimize construction costs.

Il. FIELD BALANCE VERSUS MODE
SEPARATION

The full cell to haf cell coupling isvital since side coupling
was not used in this gun design. We further improved the tech-
nique of using mode separation for field balance tuning [5]. To
measure the field bal ance versus mode separation it is necessary
to measure E, on axis for the 7-mode, f, and f; for different
full and half cell frequencies. For large differenceinthefull and
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Energy,

half cell frequencies the f, and f, are essentially the indepen-
dent cell frequencies, but when the cell frequencies are close to
each other the coupling, which is frequency independent, sepa-
rates the cell frequencies into the f, and f; [6]. Field balance
versus mode separation data is presented in figure 1. This data
was taken using a .472 cm diameter dielectric sphere and a self
excited loop instead of a network analyzer which increased the
accuracy of the frequency measurement down to 100 Hz.
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Figurel. Field Balance versus Mode Separation

The predictions of our equivaent circuit model, 2-D field
solvers such as SUPERFISH [7] and the 3-D field solver
MAFIA [8] are dso shown in figure 1.

1. WAVEGUIDE TO FULL CELL COUPLING

We have investigated two different types of waveguideto full
cell coupling schemes. The#-coupling scheme was produced us-
inga.375" diameter cuttingfluterunning4.2268" center to cen-
ter inthe direction, the thickness of the couplingirisis.0917”.
The z-coupling scheme was produced by cutting out a .913"
x .650" rectangle with the long dimension in the z-direction,
the thickness of the coupling iris was .108”. In the final gun
design we have elected to use the 6-coupling scheme since its
dipolefield, before symmetrization, isan order of magnitudeless
than the z-coupling scheme. We have measured the dipolefield
offset by a transverse disk pull in the waveguide plane and the
multi-pole field components of the full cell by a needle rotation
technique before and after symmetrizing the full cell for both
schemes.



IV. TRANSVERSE DISK PULLS
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Figure2. Experimental Setupsfor Full Cell Disk Pull and Trans-
verse View of Full Cell Needle Rotation

Figure 2 shows the experimental setup for our transverse disk
pull, using a 6.35 mm diameter 0.30 mm thick Cu disk, used to
measure E, (zg,y). The dipole offset is directly measured by
this technique assuming that £, can be modeled near the beam
pipeaxisby . (z¢,y) = A + B(y — C')*. Experimental disk
pull datais shown in figure 3 for the #-coupling scheme. The ¢-
coupled dipole data along with waveguide to full cell coupling
as afunction of short positionis shown in figure 4.
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Figure 3. #-coupled Disk Pull Data Before and After Sym-

metrization

V. MULTI-POLE MODES

In previous measurements of the dipolefield in an RF cavity,
needles were pulled longitudinally offset from the beam axis[9]
or were pulled transversely [10] to the beam axis. In our needle
rotation technique a 1.27 cm long .635 mm diameter needle is
parallel to the beam axis and was rotated in the é direction such
that a cylinder was swept out, and thereby only perturbing the
E,. The experimental setup used for the needle rotation can be
seein figure 2 and figure 5. Accurate positioning of the needle
was accomplished by using a compound arrangement of tranda-
tion and rotation stages. The trandation stage allowed the posi-
tioning of the needle in the » direction with respect to the beam
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pipe center. The rotation stage alowed the positioning of the
needle in the @ direction with respect to afiducial mark that we
defined asthe z-axis. It should be noted that thedisk pull datais
asubset of the needle rotation data. The full cell field, £, can
be expressed as an infinite sum of modes represented by

E.= 3 3% AT Mg (1)

m=0n=1 (=0

By measuring ., (r1, #) asshownin figure 6 we can calcul ate
the Fourier series coefficient A,,,,; of the infinite series, whose
absolutevauesare showninfigure7. These coefficientsarethen
used in the cal culation of the emittance growth dueto these mul -
tipolefields. Notethat there is alarge and changing (before and
after) x-axisdipol efield component, because thetunerswereim-
possibleto position precisely and in general were not symmetri-
ca. Symmetrically feeding RF into the full cell would remove
the phase asymmetry that existsinthe cavity dueto an asymmet-
ric Poynting vector.
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Figure5. Needle Rotation Experimental Setup

V1. EMITTANCE GROWTH ESTIMATION

Thechangeinthetransverse normalized emittanceisgivenby,
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Tablel
Electron bunch and RF gun cavity parameters

A
A¢y = O'yﬂ 2

mc

Using the Panofsky-Wenzel Theorem to find the change in
momentum, which isin phase quadrature with % wefind that
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Therefore the change in the transverse emittance is
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For the 7'M, and 7'M, type modes, % isgiven by

P OE. By rm=l
E. & Ey—sin(mf + 6,,) = -
T sin(mb + ém,) oy m B,

E, (9)
Therefore the change in the transverse emittance is
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Inserting the appropriate parameters from table | of the elec-
tron bunch and the symmetrized RF gun that we are modeling.
Where r; istheradiusat which £/, was measure at using the nee-
dlerotationtechniqueand ¢, isthebeam sizeinthemiddl e of the
full cell.

Assumingthat % can beapproximated by acosinelikefunc-
tion of > we find that the emittance growth in the symmetrized
case isgiven by

0.1 m mm mrad  Dipole mode ™
0.05 # mm mrad Quadrapole mode

Aey = {
VIlI. CONCLUSIONS

The dipole field components caused by the asymmetric RF
coupling before and after symmetrizing the full cell were inves-
tigated. Data on the waveguide to full cell coupling and dipole
offset versus short position was aso taken. A needle rotation
techni quewas used to measure the Fourier coefficient of themul-
tipole field components of the full cell accelerating field. The
dipole coefficient was seen to decrease by an order of magni-
tudeafter thefull cell wassymmetrized, withthe proper position-
ing of the adjustable short that islocated inthe vacuum pumping
port.
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Figure7. 6-coupled Fourier Coefficients Beforeand After Sym-
metrization



