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Abstract into a single form in March 2006. We are now working

: . . together to construct an ERL test facility at KEK site to
An electron gun producing an e-beam with high- . . -
X ; . resolve technical and physical challenges[8]. In the joint
brightness and high-average current is a key component {0 _. ; . .
. . : roject, JAEA is mainly responsible for the gun develop-

realize a next-generation X-ray light source based on an . o
ment and KEK has charge of superconducting cavities[9].

energy-recovery linac (ERL). In JAEA, we are developing )

a photocathode DC gun for a future ERL light source. The In this paper, we present 'the status OT electron gun devel-
DC gun is operated at 250 kV and 50 mA at maximum?pment for the future ERL light source in Japan.
and equipped with a load-lock chamber for cathode prepa-

ratiqn. In order to keep small emitt_ance athigh currentop-  ELECTRON GUN FOR ERL LIGHT
eration, we adopt new type of semiconductor photocathode SOURCES

such as AlGaAs and superlattice. In this paper, we present

the status of the gun development and future plans towardsnext-generation light source based on the ERL technol-
the ERL test faCIllty to constructin collaboration with KEK ogy provides an evo|uti0nary path of X_ray Science, be-

and other institutes. cause the ERL generates coherent X-rays and femtosec-
ond X-rays which are difficult to obtain in existing stor-
INTRODUCTION age rings. When the divergence of an electron beam is

) smaller than the intrinsic divergence of an X-ray, a large
In JAEA (Japan Atomic Energy Agency), we have conpart of undulator radiation becomes coherent, and this cri-

ducted_a research program for a high-power free-electrqgyis is called “diffraction limit” and given by < /4,
laser since 1987. As a part of the research program, gfhere: is geometrical rms emittance ands X-ray wave-
energy-recovery linac (ERL) has been commissioned. Thength. In order to satisfy the diffraction limit for A X-
design study of the ERL was started in 1999[1]. After onerays emittance should be less than 8 pm-rad, which cor-
year construction period we made first demonstration %sponds to normalized rms emittance~dd.1 mm-mrad
energy-recovery operation in 2002[2]. The ERL consists oft 5 Gev. Average current of an ERL light source should
a 250 kV DC gun with thermionic cathode, 2.5 MeV injec-pe 35 large as 100 mA to obtain X-rays of flux compara-
tor, an ERL loop for 17 MeV electrons, and an FEL undupje to 3rd-generation light sources. Thus, the requirements
lator. The FEL wavelength is around 2@ [3]. The ERL  of an electron gun for a future ERL light source are aver-
also generate strong radiation in millimeter wavelength '&1ge current of 100 mA and normalized rms emittance of
gion by coherent synchrotron radiation from a bending 1 mm-mrad.
magnet[{f]. ] Developing an electron gun to satisfy the above require-
Following the successful demonstration of ERLS afent is a serious matter. Photocathode RF guns have been
JAEA and Jefferson laboratory[5], several new proposajydied for high-brightness electron beams and normalized
of ERLs have been suggested. Since the energy-recov@pys emittance is approaching to a value of 1 mm-mrad
linac provides a versatile technology to generate a higrplo]_ Recently, a DC gun with a thermionic cathode gen-
brightness electron beam of high-average current, it can geaﬂng an electron beam of 1.1 mm-mrad was built for an
applied to various kinds of accelerators. Next—generatio;q,:EL[ll]_ These guns, however, are designed for pulsed
X-ray light source is one of the most promising directioryperation with small duty cycle. The gun of JAEA-ERL
for the future ERL development. We can produce X-rayg compatible with 10-mA CW operation but has rather

with excellent coherence and/or ultrashort pulse duration, jfrge emittance, 13 mm-mrad, due to its gridded thermionic
we employ an energy-recovery linac equipped with a highsathode[13].

brightness injector such as a photocathode gun. In Cor-Tne only candidate for the future ERL light source is
nell university, a 5 GeV ERL light source is proposed aghe combination of a DC gun and semiconductor cathode
a successor of CESR, and an injector for the ERL is Unyjith negative electron affinity (NEA) surface. Since GaAs
der development[6]. Research and development towarggth NEA surface is able to emit photo-electrons by visible
next-generation light source based on an 800 MeV ERL igsers; it is an optimum electron source for generating high-
carried out at Daresbury[7]. average current. An NEA cathode can be installed only at
In Japan, KEK and JAEA had proposed each own 55C guns, because stable operation of an NEA surface re-
6 GeV ERL project for a future light source independentlyquires ultra-high vacuum, typically0—° Pa. A DC gun
These two institute, however, agreed to unite their projecigith NEA cathode has been employed at the JLAB ERL,
#hajima.ryoichi@jaea.go.jp where average current of 9 mA and normalized emittance




of 10 mm-mrad have been obtained[14]. Similar electroelectron sources clearly showed the above physics, and ini-
guns are also used for generating polarized electrons. tial emittance equivalent to thermal motion at room temper-
the studies on a polarized electron source, emittance afure is only available when the laser photon energy tunes
0.1 mm-mrad has been demonstrated with small averagethe band gap energy[15] [16].
current, 1 nA~ 1pA [15][16]. Quantum efficiency of NEA semiconductor is propor-
We consider that an electron gun for future ERL lightional to density of state of conduction band and shows a
sources can be realized by improving existing technologigsonotonically increasing function of injection photon en-
of DC guns and NEA photocathodes. ergy. Operation of high-average current requires electron
excitation by photon energy larger than the band gap en-
STRATEGY OF GUN DEVELOPMENT ergy. This behavior of quantum efficiency is incompatible

with the criteria for small initial emittance.

In order to develop an electron gun which fulfills the We have suggested that the incompatible properties,
requirements of future ERL light sources, 100 mA angmall emittance and large quantum efficiency, can be ob-
0.1 mm-mrad, we have launched two apparatus: a phottined concurrently by using a superlattice semiconduc-
cathode test bench and a 250-kV DC gun. tor instead of conventional bulk cathodes[19]. In order

Since the performance of electron guns depends much hpromote this strategy, we made a series of experiments
their photocathode, improvement of semiconductor photavith bulk GaAs and bulk AlGaAs, in which quantum ef-
cathode is the main task in the gun development. For thfigiency and life time of different cathodes were measured
purpose, we have assembled the photocathode test befigonfirm the predicted relation between the performance
consisting of an old MBE chamber and a mode-locke@f photocathodes and their band structure. From the mea-
Ti:sapphire laser. The chamber reaches ultra-high vacuugHrements, it was found that AlGaAs has two times larger
~ 3 x 1079 Pa, which is enough to activate an NEA surguantum efficiency and more than 10 times longer life than
face. Quantum efficiency of a photocathode can be me&aAs[20]. The large quantum efficiency in AlGaAs is due
sured as a function of injection laser photon energy by u#o its band gap energy 1.79 eV, which is larger than GaAs,
ing the Ti:sapphire laser and other auxiliary lasers. In th&-42 eV. We can also attribute the improvement of life to
test bench, beam current is limited at a few because of the difference of electron affinity, 4.1 eV for AlGaAs and
available extraction voltage 1 kV. This small current and 3.8 €V for GaAs, because the smaller electron affinity re-
low voltage operation makes it difficult to estimate cathodg&ults in the lower vacuum potential, i.e. the larger negative
life time in a practical situation. This is because ionizatiorglectron affinity. As a result of the measurements, we have
rate of residual gas by electron beam is a strong function 6Pnfirmed that performance of NEA cathode is controllable
electron energy and degradation of NEA surface due to id# tuning the band structure.
back-bombardment shows quite different behavior depend-
ing on DC voltage and field. However, we can compare
performance of various cathodes with respect to their rela- loadlock
tive life time at the test bench. chamber

We decided to construct a 250-kV, 50-mA DC gun for
the demonstration of high-brightness and high-average cur-
rent beams under more practical conditions than the test
bench. Although simulation studies predict normalized
emittance of 0.1 mm-mrad is obtained at gun voltage higher
than 500 kV[17] [18], we chose a rather low voltage gun,
250 kV, which can be assembled by making best use of
spare components available at JAEA-ERL. In the DC gun,
we will explore the performance of newly developed pho-
tocathode under high-average current and high voltage con-
dition as well as beam diagnosis at the downstream.
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There are two sources of initial emittance at semicon-
ductor photocathodes. One is thermal motion of electrons
which reflects the cathode temperature, and the other is 250-KV DC GUN
residual energy of photo-excited electrons with respect to
the potential of the conduction band. Although the latter is Figure 1 shows layout of the 250-kV, 50-mA DC gun
partially compensated during electron diffusion to the sumander construction. A high-voltage generator of Cockcroft-
face, the compensation works little for electrons generataffalton circuit and a ceramic colum are installed in the tank
near the surface. In previous experiments with polarizefilled with SF; gas, and the high-voltage terminal is con-

Figure 1: Top-view of the 250-kV, 50-mA gun.



necting to a cathode block in the main chamber. In thperformance of AIGaAs agrees with the theorical prospect

preparation chamber, a photocathode surface is activatiédt the larger band gap gives the larger quantum efficiency,

by cesium and oxygen to turn it into the NEA state. A laseand the larger electron affinity results in the longer cathode

light is introduced from the bottom of the light chamberJife. We continue further improvement of photocathode in-

and an electron beam is extracted to the right side. cluding superlattice structure. The 250-kV DC gun is under
A high-voltage test without a beam load was completedssembling and the first beam is expected around summer

[20], and further assembling of vacuum chambers is undeof 2007.

way. The first beam extraction is expected around summer The outcome from the photocathode test bench and the

of 2007. 250-kV gun will be succeeded by a 500-kV gun for the
We are also designing beam transport and diagnostic sySRL test facility which is to be constructed at KEK site.

tems for the 250-keV beam. A solenoid magnet will be inAs for a drive laser for the photocathode gun, we plan to

stalled at: = 0.25 m for emittance compensation and beandevelop a fiber laser system.

focusing at the down stream. The solenoid has a bucking The authors would like to acknowledge the contribution

coil to compensate magnetic field at the cathode surfacef Profs. Y. Takeda, M. Tabuchi for preparing AlGaAs

The beam emittance will be measured by double slit tecland GaAs photocathodes under a collaboration program

nique. Figure 2 is a result ®ARMELA[21] simulations fora between JAEA and Nagoya University. This work was sup-

250-keV electron beam, where we assume the initial bungiorted in part by MEXT KAKENHI (18740253).
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In JAEA-ERL, we are developing a photocathode DC
gun for future ERL light source. Studies at the photocath-
ode test bench have revealed that AIGaAs has higher quan-
tum efficiency and longer life time than GaAs. The better



