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Abstract

High average current electron injectors are desired by
é high average beam power SRF linacs. With respect to the
2 different linac applications, different beam qualities are
2 required. Two kinds of the electron guns are planned for
Efuture projects at IMP, one is thermionic electron gun
g dedicated for high average current, and another one is
E photocathode gun for high average current and high beam
£ quality or even with high polarization. Current status and
= development of the high average current electron sources
é are investigated and summarized. The thermionic gun
'S studies are planned and the feasible types of guns for the
< future Electron ion collider of China (EicC) project are
£ also proposed. The pre-research of these required electron
—Fa injectors is schemed, which will be the start of high aver-
£ age current and high-quality electron source development
'é at Institute of modern physics (IMP), Chinese academy of
sciences (CAS).
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INTRODUCTION

High repetition rate, high average current electron in-
2 jectors are required by many high average power super-
& conducting radio frequency (SRF) electron linacs. These
5 high average power SRF linacs are dedicated for different
S applications, such as high average power free-electron
8 lasers (FEL) [1], medical isotope production [2], industry
‘g“application [3], electron ion collider (EIC) [4], electron
g cooling for high energy heavy ions [5] and so on. With
= respect to different applications mentioned above, the
< requirements of the beam quality are different. The final
> beam quality required in the interaction region can be
v traced back to the requirements on the electron bunches
% from the injector, the first stage of the SRF linac. The
f electron injector, beginning with a cathode, is the source
o of the electrons. The quality, bunch length, and timing of
g the electrons injected into the first linac cavities are criti-
o cal to determining the properties of the final high energy
= electron bunch.

e Electron injectors can use several different types of
= cathodes to generate the electrons. One approach is to use
2 a thermionic cathode, which can produce high average
8 currents, but its shortage is hard to generate short bunch
2 length and high repetition rate electron bunches, and the
Ebeam quality is mediate. Another approach is to use a
8 photocathode, which is very popular and the promising
.« method to produce high quality electron bunches and can
= be used for applications with high quality beam, such as
g FEL, EIC and electron cooling. However, the thermal
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issues, short lifetime, and drive-laser average power re-
quirements currently present limitations for high average
current photocathode injectors. Another unique advantage
of the photocathode injector is capable to generate the
polarization electron beam which is required for EIC. The
electron gun can be classified into three types by the gun
cavities and field modes, high voltage DC type, normal
conducting RF and SRF type [6]. Due to the critical ther-
mal loads for the normal conducting RF gun, it is not
efficient and suitable for high average current and high
average power electron source. Another issue of its poor
vacuum condition, the normal conducting RF gun is not
suitable for polarization electron source. Therefore, here
we mainly talk about the high voltage DC gun and SRF
gun.

The SRF linac projects are planned in IMP, one is dedi-
cated with high average power application for medical
isotope production and others are planned for EicC pro-
ject [7], which has two SRF linacs, one requires polarized
electron injectors with high beam quality and high polari-
zation rate and another one needs high repetition rate,
high bunch charge, high beam quality electron injectors
for e-cooling of the high energy heavy ions. Different
electron injectors are scheduled for the above projects
based on the properties of the different types of the elec-
tron injectors. In this paper, we discussed the designed
and required injectors’ parameters for different applica-
tion and proposed the solution and study plans of the
injectors.

RF MODULATED THERMIONIC CATH-
ODE HIGH VOLTAGE ELECTRON GUN

Due to the ability to generate high average current, long
lifetime, and good stability and reliability, the thermionic
cathode gun is preferred for many high average powers
with mediate beam quality applications, like IR-FEL [8]
and medical isotope production [9]. Normally, the thermi-
onic cathode high voltage gun generates the direct cur-
rent, which should be manipulated to short bunch with
chopper and buncher devices, in order to match the RF
acceleration. This method is inefficient and costly. Anoth-
er method is gated the thermionic cathode high voltage
DC gun with RF voltage, the generated electron bunch
repetition rate is same with the frequency of the RF volt-
age, which is very convenient to generate the high repeti-
tion rate electron bunches, as high as 1 GHz [10]. This
kind of gun is also considered to be the possible electron
source for energy recovery linacs (ERLs) [11], like ERL
based IR-FEL, electron cooling [12].
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The required electron gun parameters for medical iso-
tope production are shown in table 1. With these parame-
ters, the RF modulated thermionic cathode high voltage
DC gun is selected due to its optimal properties men-
tioned above. In addition, it is already successfully used
in other labs [13, 14].

Table 1: Designed RF Modulated Thermionic Cathode
High Voltage DC Gun Parameters

Beam parameters Designed values

Beam energy 300 keV
Average current 5 mA
Beam repetition rate (CW) 325 MHz
Bunch charge 16 pC
Energy spread 1%

Normalized rms emittance <5 mm mrad

The sketch map of the RF modulated thermionic cath-
ode high voltage DC gun is shown in figure 1(a). The
voltage applied on the grid is Ug=Uc+Ub+Urf, where the
Uc is the cathode voltage (-300 kV), Ub is the biased DC
voltage to block the electrons extraction, Urf is the RF
voltage used to extracting the electrons when the RF volt-
age is phased for positive polarization. Furthermore, the
RF voltage can be designed with fundamental plus the
high order harmonic RF voltage for generating the shorter
bunches [15]. From figure 1(b), it is clearly shown that
with this method it can generate the shorter bunch length
electron beams (conducting angle is smaller).

For this gun design, except the normal challenges for
high voltage DC gun, another big challenge is how to feed
the RF voltage into the grid between the cathodes. Some
lessons learned from TRUMF may be helpful [13]. One
method is putting the RF voltage supply on the high volt-
age platform, which will make the gun body huge. Anoth-
er method is putting the RF voltage supply on the ground
and connected to the grid and cathode by ceramic wave
guide and impedance matching network, which is not
only used for feeding the RF voltage to the grid, but also
for isolating the high voltage from the RF Voltage genera-
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tor. The gun body can be compact with this method.
Currently, we planned to use the ceramic wave guide. The
RF modulation test studies with 30 kV high voltages are
under way. The gun structure design combined with beam
dynamics simulation is studying with SF' [16] and GPT
[17] code.
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Figure 1: The sketch map and principle of RF modulated
thermionic cathode high voltage DC electron gun: (a)
principles (b) grid RF voltage for gating the shorter bunch
electron emission.

PHOTOCATHODE INJECTORS

A project for a polarized electron-ion collider in China
(EicC) is planned based on the high intensity heavy ion
accelerator facility (HIAF) [18]. The HIAF is already
starting construction. The preliminary design and layout
the EicC are shown in figure 2. Two electron injectors are
required for the EicC, one is polarized electron beam and
another one is for ERL based electron cooling (e-cooler).
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Figure 2: the preliminary blueprint of the EicC project and basic parameters. [Courtesy of J.C. Yang and G.D. Shen].
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The preliminary electron injector parameters for the po-
g larized electron beam are listed in table 2. Currently, for
<=
-Z the polarized electron beam, due to its unique cathode
s material (GaAs) and some critical demands, especially for
) the high vacuum (10'°pa) conditions, the high voltage
° DC photocathode electron gun is the most possible choice
2 [19]. The photocathode for polarized beam is strained
% GaAs. Currently the QE, lifetime and polarization rate are
2 still big challenges [20]. For high average current polari-
= zation electron gun, the cathode problem should be solved
vﬁrstly For the high voltage DC photocathode gun, the
£ gun voltage higher is better for generating high quality
§ beam, normally 500 kV is preferred. For polarized elec-
S tron gun, 300-200 kV is chosen because of lower field
‘E emission and beam energy for longer cathode lifetime and
.2 easy polarization manipulation [21]. Here we choose 300
2 kV, the same with thermionic cathode gun. The SRF pho-
%tocathode gun can produce high average current high-
g quality electron beam although the technology is not
£ mature. The biggest challenge is the compatibility of the
£ normal conducting cathode and the SRF cavity. The SRF
Z gun for polarized electron source was proposed and tested
E by putting the GaAs photocathode in the SRF gun cavity
5 but without beam commissioning [22]. There is still a
long way to develop the SRF gun properly for polariza-
—‘: tion electron source.

u_4

2 Table 2: Preliminary Beam Parameters Requirement for
O . .

-2 EicC Electron Injector

Beam parameters Required values

Beam energy 6-10 MeV
Bunch charge 0.1-0.5nC
Micro-pulse repetition rate 30 MHz
Macro pulse length 50 us

Macro pulse repetition rate 20 Hz
Normalized rms emittance <2 mm mrad
rms beam energy spread <0.1%

rms bunch length <50 ps
polarization >80%

A high voltage DC photoemission electron gun fol-
lowed by an SRF accelerating module is presently the
best solution for generating high average power electron
beams of moderate bunch charge, particularly for energy
recovery linac. The general conceptual DC/SRF booster
injector layout is shown in figure 3.
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Figure 3: DC/SRF booster injector general layout [23].

The preliminary electron injectors’ parameters for elec-
tron cooling ERL are listed in table 3. It requires high
bunch charge, high repetition rate and high-quality CW
operatlon mode specially. With high voltage DC photo-
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cathode gun, the bunch charge is mediate due to limited
field gradient at cathode, normally the bunch charge less
than 1 nC and currently the highest record is 2 nC [24].
Another potential type of electron source is SRF gun,
which is capable to generate high bunch charge, for ex-
ample BNL 112 MHz quarter ware resonator (QWR) SRF
gun, the bunch charge can be as high as 10.7 nC [25, 26].
However, the SRF gun technology is still under develop-
ment. Other critical parameters are the low emittance and
small energy spread, which should be cared from begin-
ning of the beam dynamics design. For electron cooling
ERL injector, the QWR SRF photocathode gun is consid-
ered especially for high bunch charge. The “green” cath-
ode is most promising for high average current electron
source due to the high QE and high efficiency laser tech-
nology [27, 28]. Two types of photocathodes, GaAs (po-
larization and no polarization) and Cs-K-Sb are scheduled
to be studied in the future.

Table 3: Preliminary Electron Injector Beam Parameters
Requirement for EicC Electron Cooling

Beam parameters Required values

Beam energy 6 MeV

Bunch charge 4nC

rms bunch length 100 ps

Pulse repetition rate 0.3 -3 MHz
Normalized rms emittance <2.5 mm mrad
rms energy spread <5x10*

For the electron injector talked above, some common
critical technologies are the same. For high voltage DC
gun, thermionic cathode or photocathode, the high voltage
supply and high voltage platform is same. For high volt-
age DC photocathode gun and SRF photocathode gun,
photocathode fabrication and test system, laser system
can be shared. Furthermore, for characteristic the injectors
beam parameters, the test beam line is also proposed.
Therefore, it is essential to set up an injector test facility
for characteristic the beam parameters of different guns.
The conceptual design and layout of the high average
current electron injector lab is shown in figure 4, some
auxiliary system can be reused for different gun test, such
as booster, diagnostics, beam dump and so on.
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Figure 4: The conceptual design and layout of the high
average current electron injector test lab.
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SUMMARY

The high average current electron injectors’ require-
ments for IMP projects are listed and discussed. The high
voltage DC high average current injectors will be the first
step to develop and start with RF modulated thermionic
cathode type. The solution for polarized electron injector
and electron cooling ERL injector is proposed and the
difficulties to be conquered are also discussed. Further-
more, the high average current electron injector lab con-
ceptual design and layout is shown and essential for test
of different guns. The high voltage gun geometry design
combined with beam dynamics optimization is under way
and the design results will be reported soon.
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