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A. With Acceleration

As part of the 1.6 cell photocathode RF gun develop-
ment program a detailed design study of an 1.6 cell RF
gun emittance compensated injector was conducted. The
starting point for our simulations is the physical layout of
the ATF in-line injector.
The parameter space that an in-line RF gun operates

in is multi-dimensional. Examples of accelerator section
parameters are cathode to input coupler distance, accel-
erating gradient, and input coupler RF phase. The emit-
tance compensation magnetic parameters are magnet �eld
strength, @Bz

@z
and the location of Bmax. Electron bunch

and gun parameters used in these simulations are found in
table I. It should be noted that the laser injection phase
was set to maximize the electron bunch energy on the out-
put of the gun, which also minimizes the energy spread to
1%. Figure 1 is a plot of �n;rms versus z for an optimized
parameter set. A halo is developed around the core of the
bunch, in which 2% of the particles contributes 15% of the
�n;rms.
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Figure. 1. Parmela Simulations of Emittance Compensa-
tion with Acceleration

B. Without Acceleration

The initial testing of the BNL/SLAC/UCLA 1.6 Cell
Emittance Compensated Photocathode RF Gun will be
conducted on the Low Energy Beam Line at the ATF. Fig-
ure 2 is a representative plot of �n;rms versus z for an ac-
celerating gradient of 100 MeV=m. An important features
that stands out are the two local minima in the emittance.
A possible cause of the double local minima is dissimilar
space charge forces in the core and tails of the beam. This
would cause di�erent slices of the beam to be compensated
for at di�erent locations down the beam line. Simulations
are on underway to understand this phenomenon.

III. The ATF Low Energy Experimental Beam

Line and Experimental Characterization of

the RF Gun

Figure 3 is the schematic diagram of the ATF low en-
ergy experimental beam line. The main components of the
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Figure. 2. Parmela Simulations of Emittance Compensa-
tion without Acceleration

experimental beam line are the 1.6 cell photocathode RF
gun and a pair of bucking solenoidal magnets. These are
followed by a S-band RF kicker cavity operating at TM120

mode and a X-axis translational achromate which consist
of two 90o sector magnets and a quadrupole triplet.

The nominal operating �eld for the 1.6 cell RF gun is
100 MV/m, therefore a signi�cant amount of �eld emission
current (dark current) will be present. This dark current
causes beam loading in the RF gun. The beam loading
e�ect will be experimentally studied using a six-pot re
ec-
tometer [8] located in the waveguide feeding the 1.6 cell RF
gun.

The diagnostic devices installed on the low energy beam
line consists of a RF kicker cavity, energy spectrometer,
beam pro�le monitors and pepper-pots. The pepper-pot
located in-line with the gun will be mounted on a z-
translation stage, which will allow the mapping of the in-
tegrated �n;rms (z), with a z range of 100 cm.

When the RF kicker is used in conjunction with the z-
translation pepper-pot, slice emittance studies of the dou-
ble local minima seen in �gure 2 can be conducted. This
will allow full reconstruction of the transverse phase space
of the beam along the electron bunch. The RF kicker and
beam pro�le monitor will also be used for electron bunch
length measurements.

The major improvement of the 1.6 cell gun over the origi-
nal BNL 1.5 cell gun [9] is the elimination of all �eld asym-
metries in the gun cavity. The manifestation of a �eld
asymmetry is the presence of multi-pole spatial modes in
the RF gun. Experimental measurements of the dipole and
quadrupole modes will accomplished by shaping the laser
pro�le on the cathode [10] and observing the transverse
electron bunch pro�le down stream of the gun, as illus-
trated in �gure 4.

The aperture of the 1.6 cell RF gun was increased by 0.5
cm to increase the cell to cell coupling. A secondary ben-
e�t is that larger aspect ratio beams can be transported
thru the RF gun. Removal of the emittance compensation
solenoids and installation of a quadrupole triplet will be ac-



9. Six-port Reflectometer
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Figure. 3. Low Energy Beam Line Design

complished after cylindrical symmetric emittance compen-
sation studies are completed. This will facility 
at beam
experimental studies, which have applications to XLC type
RF gun designs [11].

Quadrapole

Profile MonitorCathode

Dipole

Figure. 4. Dipole and Quadrapole Field E�ects

IV. Conclusions

An emittance compensated photo-injector based on the
BNL/SLAC/UCLA 1.6 cell photocathode RF gun is capa-
ble of producing �n;rms � 1 � mm mrad with a peak
current of 100 Amps. We have outlined an experimental

program to test the 1.6 cell RF gun at the ATF low energy
experimental beam line. Beam loading will be studied us-
ing a six-port re
ectometer. Integrated and slice emittance
measurements will enable us directly study the emittance
compensation process. The z translation stage pepper-pot
will allow mapping of �n;rms (z). Using the kicker cavity in
conjunction with the z-translation pepper-pot will allow for
the study of the double local minima in �gure 2, which will
increase our understanding of the emittance compensation

process.
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