
with each other, and the stability of the measurements is
good. The rms jitter of the 100% emittance in the horizon-
tal plane is !3:5% and in the vertical !2%, in agreement
with the statistical error estimated above.

In order to reduce space charge induced emittance
growth, the electron beam is focused by a solenoid magnet.
Figure 6 shows the normalized horizontal and vertical rms
emittances as a function of the current of this solenoid. For
each solenoid current the beam has been rematched to the
FODO lattice. Then the emittance is measured twice for
each solenoid current. The result from simulations [17]
using a normalized projected emittance of 2 mm mrad at
the optimal working point for the solenoid is shown as a
solid line. We can see that the behavior as a function of the
solenoid current predicted by the simulations agrees well
with the measurements. The optimal solenoid current, from
the emittance point of view, is around 277 A, which
corresponds to a magnetic field of 0.163 T. One should
note that the optimal solenoid current depends on the used
rf-gun input power. The measurements presented here are

performed with a power of about 3 MW. With a larger input
power, the optimal solenoid current is correspondingly
larger. A small remnant magnetic field on the cathode is
zeroed by a bucking coil.

During the measurements presented above, the injector
was operated with the nominal settings, but since the
solenoid scan is a first step of the optimizing process, it
was not yet tuned to obtain the minimum emittance. In
order to achieve the smallest emittance, it is important to
optimize, in addition to the solenoid, rf, and laser settings,
also the beam injection to the first accelerating module.
When the injector is carefully tuned and the beam is cor-
rectly steered through the accelerating module, we have
regularly measured normalized rms emittances around
1.4 mm mrad for 90% of a 1 nC bunch. For the entire
bunch, this value is typically around 2 mm mrad.
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FIG. 6. (Color) Horizontal (top) and vertical (bottom) normal-
ized rms emittance measured as a function of the solenoid
current. Results obtained by fitting for 100% (red circle) and
90% (blue circle) beam intensity as well as by tomography
(MENT) for 100% (red triangle) and 90% (blue triangle) inten-
sity are shown. Error is the statistical error only. The solid line is
not a fit but a prediction from simulations assuming the design
emittance of 2 mm mrad.
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FIG. 5. (Color) Horizontal (top) and vertical (bottom) normal-
ized rms emittances. The measurement is repeated 10 times
during !1:5 h. Results obtained by fitting for 100% (red circle)
and 90% (blue circle) beam intensity as well as by tomography
(MENT) for 100% (red triangle) and 90% (blue triangle) inten-
sity are shown. Error is the statistical error only.
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