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Abstract

We are trying to measure the secondary electron emis-
sion coefficient of the ultra-low-loss dielectric cells used
in the dielectric assist accelerating (DAA) structure. The
DAA structure ideally is compatible with both high gradi-
ent and high efficiency, while the discharge from the cor-
ner of the dielectric cells near the beam axis and following
multipactor limit the accelerating gradient. This problem
would be defused by applying the TiN coating to the center
region of the cells. We manufacture the device to measure
the secondary electron coefficient of the cells, and trying to
measure the effects of the coating by comparing the ones
before and after the TiN coating. We will report the current
status of the experiment.

INTRODUCTION

Radio-frequency (rf) linac structures with high efficiency
and high gradient could play crucial roles not only in fu-
ture investigation of the origin of the Higgs sector and the
physics beyond the standard model in elementary particle
physics, but also in industrial and medical applications such
as material and radiation processing and cancer therapy, and
the synchrotron radiation-based science. The highly effi-
cient accelerators enable us to construct the accelerators ca-
pable of continuous operation at room temperature, which
would provide a large number of statistics needed for the
observation of the rare processes and the economic advan-
tage for the industrial and the medical applications. The
accelerators with high gradient allow us to construct both
extremely high energy colliders, e.g. 100-TeV collider, and
miniaturized linacs for the applications.

A dielectric assist accelerating (DAA) structure [1,2] ap-
pears to be very promising in terms of power efficiency. Fig-
ure 1 shows the conceptual structure of the multi-cell DAA
cavity. It applies a standing wave of a higher order TMyy,,
mode for the accelerating mode, which consists of ultra-
low loss dielectric cylinders and disks with irises which has
periodicity in the beam direction. The dimensions of the
dielectric structure are determined so that the peaks of the
electric field is confined within the ceramics which has rel-
atively high permittivity, €. ~ 10 and can hold many elec-
tric force lines. In the radial direction, the coaxial dielec-
tric layer partially confines the electromagnetic field in the
cavity so that the surface magnetic field at the copper sur-
face becomes relatively small compared to one of the pill-
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box cavity. It is known that the waveguides with dielectric
disks have a higher shunt impedance than all-metal waveg-
uides [3]. Naively, this is because the dielectric disks make
the electric force line concentrated around the beam axis.

Due to the above efficient structures and the use of the
ultra-low loss dielectric material [2], the five cell DAA
cavity provides the Q-value, Q = O(10%), and the shunt
impedance Zg, ~ 650 MQ. The shunt impedance is de-
fined as the ratio of the accelerating voltage V,.. and power
loss in the cavity Pjogs
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where L is the length of the cavity. Thus, the input power
of 1 kW would produce the gradient of 1 MV /m. However,
we found the input power is limited by a few kW which cor-
responds to the maximum gradient of multi-MV/m in the
tentative high voltage test due to the breakdown caused by
the multipactor at the surface of the dielectrics.
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Dielectric Disk

Figure 1: Conceptual illustration of a multi-cell DAA struc-
ture. This figure is taken from Ref. [2].

In rf applications, the multipactor effect [4] appear lim-
iting the power of the electromagnetic waves. The mech-
anism of the multipactor is understood as an electron
avalanche where the secondary electron emission (SEE)
and the electrons from external sources couple with the al-
ternating electric field. This process produces the electron
cloud which losses the input power without increasing the
gradient. The condition of the multipactor on dielectrics is
studied in the literature [5, 6] and the references therein.

The multipactor is naively understood by the energy de-
pendence of the secondary electron emission coefficient
(SEEC), 6(E,), which is defined as the ratio of the num-
ber of emitted electrons in the number of injected electrons,
where E, is the electron impact energy on the dielectric sur-
face. Naively, the multipactor could occur if 6(E,) > 1,
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where the typical impact energy is determined by the nor-
mal component of the electric field to the dielectric surface.
The empirical formula [7] of the energy dependence of the
SEEC is known as

S(Ep) = Smax(we' ™)k, 2)

where w = E},/Enax and Epgyx is the primary electron en-
ergy which yields 0pax. £ = 0.62 for w < 1 and k = 0.25
for w > 1. This formula tells us that the multipactor could
happen in the limited gradient region, and in the larger gra-
dient region corresponding to §(E,) < 1 the cavity may be
free from the breakdown. Thus, our issue to get higher gra-
dient with DAA structure is how to avoid the multipactor
effect.

The TiN coating can reduce the SEEC drastically and is
the standard method in the manufacturing of the rf window.
Since TiN coating could increase the power loss on its sur-
face and spoil the benefit from the use of ultra low loss di-
electrics. As a simple solution, we are trying to apply a TiN
coating on the dielectrics in DAA structure only around the
beam axis where a relatively strong electric field is applied
and we found the traces of discharge after the high voltage
test. In order to investigate the effectiveness of TiN coating
on the ultra low loss dielectrics, we try to measure the SEEC
in both dielectric cells before and after TiN coating. In this
paper, we will report the current status of our experiment.

This paper is organized as follows. In Sec. Methods, the
dielectric cell of the DAA structure is introduced and the
experimental setup to measure the SEEC of the dielectrics
is described. In Sec. Conclusion, we will summarize our
current status of the experiment and discuss the future study
of the DAA structure.

METHODS

The schematic picture of the experiment is shown in
Fig. 2. As an electron source, we use the photoelectron
emitted from the aluminum target. The primary electron
energy E,, is tuned by the gap between the aluminum target
and the outer cup, where we change the negative voltage of
the aluminum target from —0.1 kV to —2.0 kV. The purple
dashed line denotes the ultra-violet laser with wavelength
257 nm. The primary electrons shown as the green dashed
line pass through the Faraday cup whose current is denoted
as I, and hit the target put below the cup. The secondary
electrons shown as red dashed line emitted from the target
and captured by the inner cup which is biased by 50 V so
that all secondary electrons could be captured. The current
of the secondary electrons /g is measured using a picoam-
meter. Note that the hole of the inner cup is much larger than
one of the outer cup, so that the secondary current /5 con-
tains purely the secondary electrons and does not include
the primary electrons.

The SEEC ¢ is defined as the ratio of the number of the
injected electrons and one of the ejected electrons. Thus,

—0.1 ~ —2.0 [kV]
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Figure 2: The overview of the experiment.

we can calculate the SEEC ¢ as
o=—. 3)

Since the target is dielectric cells and does not conduct elec-
tricity, we cannot measure the primary current when we set
the dielectric cells as a target. However, the primary current
depends only on the laser power and bias applied on the alu-
minum target. Then we measure the primary electron using
the aluminum plate as a target instead of the dielectric cells.
Figure 3 shows the alternative target to measure the primary
current /,,. The primary electron beam injects into the alu-
minum target and flows to the ground via the picoammeter.

e,

O
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Figure 3: The alternative target to measure the primary cur-
rent.

In the low E, region, the terrestrial magnetism could be
the dominant error of the beam spot if the flight length of the
beam is too long or the beam energy is too small. Roughly,
if £, = 0.1 keV and the flight length is 40 mm, the error of
the beam spot is O(1) mm. In our setup, we made the flight
length of the beam around 40 mm and consider the error of
the beam spot as o ~ 1 mm.

When measuring SEEC of the dielectric target, we need
to consider the charging effect. If the SEEC is large 6 > 1,
the beam spot becomes positively charged since the num-
ber of the emitted electrons are larger than one of the in-
jected electrons. In this case, the electrostatic potential on
the surface of the dielectric cell becomes positive, and the
emitted electrons are attracted by the cell. Thus, after inject-
ing many electrons to one spot, the SEEC becomes 1. Re-
cently, the time-dependence of the secondary current I;(r)
is understood as an equivalent circuital model in the litera-
ture [8] and the authors found the good agreement of their
circular model and their results. Using the formulae driven
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in Ref. [8], we can read off the SEEC ¢ by fitting the relax-
ation curve of the secondary current.

Figure 4 shows one of the dielectric cells used in the
DAA structure. In order to accumulate the statistics of
the measurement, we will measure one place until the sec-
ondary current becomes stable, then change the place to in-
ject the beam by rotating the dielectric cells using the ro-
tary motion-vacuum manipulator. We will rotate the cell by
a fixed angle which corresponds to 20~ separation between
each adjacent beam spot. Figure 5 shows the sectional view
of the apparatus we manufactured for this measurement. In
order to rotate the cell in the cylindrical chamber with a
radius around 90 mm , the cell must be put on the holder
connected with the rotary motion-vacuum manipulator in
the bottom of the chamber and the electron beam must be
shot from the top to the bottom.

Figure 4: The dielectric cells used in the DAA structure
seen from bottom of the cell (left) and top of the cell (right).
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Figure 5: The sectional view of the apparatus that we de-
signed to measure the SEEC of the dielectric cells.

Figure 5 shows the sectional view of the apparatus. All
the three Aluminum parts are insulated by using the screw
of alumina. The outer Faraday cup has a hole on the top of
size ¢ 0.5 mm, while the inner Faraday cup has a hole on
the top of size ¢ 3 mm. In order to shrink the flight length of
the electrons, the cell holder becomes much high by tuning
the coupling between the pole of the rotary motion-vacuum
manipulator and the holders.
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CONCLUSION

DAA structure is a candidate for the highly efficient ac-
celerator which can realize continuous working at room
temperature with a large current. Due to the large SEEC
of the dielectric cells used in DAA structure, the multi-
pactor followed by the breakdown is an obstacle to go to
the high gradient region, Eyec > multi-MV/m. In order to
overcome this problem, and realize the ultra-low loss accel-
erator with high gradient, it is indispensable to reduce the
multipactor effect. In the DAA structure, the discharge ef-
fect around the beam axis due to the high SEEC may cause
the multipactor effect, where the growing electron clouds
eating the electrics. In order to manage both the reduction
of the SEEC without spoil the benefit of the ultra-low loss
dielectrics, we will try to locally apply TiN coating around
the beam axis. We manufactured the apparatus to measure
the SEEC of the dielectric cells both before and after the
coating, to confirm that the uncoated cell energy region of
0(E,) > 1, and TiN coating decreases the J.

After preparing all the setups e.g. enough power of the
ultraviolet laser, we will start the measurement. First, we
will measure the primary current [, by introducing alu-
minum plate shown in Fig. 3 on the dielectric cell. We
will clarify the table of the primary electron energy and its
primary current. Then we remove the aluminum plate and
measure the SEEC of the dielectric cells before and after
the TiN coating. If we will confirm the reduction of the
SEEC, we will again carry out the high voltage test and
check whether the discharge effect is relaxed or not.
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