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A driver linac based on a photocathode RF gun injector 

system for a proposed free electron laser facility at 
National Synchrotron Radiation Research Center 
(NSRRC) in Taiwan is under study. This facility is 
designed to be operated in two modes, one for the VUV 
application and one for the THz application to fulfil the 
user needs. Generally the VUV radiation prefers a low 
emittance, high peak current beam free from collective 
instability during acceleration and magnetic pulse 
compression, whereas the THz radiation needs a moderate 
charge in hundred femtosecond bunch length free from 
space charge degradation in a transport line. In this paper, 
the schemes of bunch compression as well as the strategy 
to optimize and control of the beam quality will be 
presented 
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Velocity bunching and magnetic bunching are two 

kinds of useful compression scheme for the injector 
design. Although velocity bunching scheme is more 
compact in size, magnetic bunching scheme with a 
chicane compressor is chosen for the VUV Baseline 
instead because it uses the available accelerations more 
efficiently. Most importantly, an adjustable optics can be 
inserted into the magnetic bunch compressor for the 
compensation of nonlinear terms in the longitudinal phase 
space. These nonlinear terms come from the high order 
terms of the rf wave and the high order dispersion of the 
bunch compressor [2, 3]. It offers a wider flexibility 
which will be important for envisioned later operations. 

Assuming that the centroid energy of the injected 
electron is Ei and there is no energy chirp for simplicity 
( i = 0), the energy of the accelerated beam whose 
centroid is operated at an injection rf phase  can be 
expressed as 

0 cos 2 / ,f iE z E eV z                (1) 

where 0V  is the peak accelerating voltage of the rf field, 

 is the rf wavelength. The correlated energy spread can 
then be expressed as 
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For a general dispersive section, the longitudinal position 
of an electron is 
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where R56, T566 and U5666 are the 1st, 2nd, and 3rd order of 
the longitudinal dispersion function respectively. By 
combining Eq. (2) and Eq. (4), the longitudinal position 
of an electron can then be expressed as   

2 3
2 3/ ...,f i i iz z C A z A z                    (5) 

where  

1 561/ 1 bC h R             (6) 

is the linear compression ratio,  
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and  
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Figure 2: (a) The longitudinal phase space and its current 
profile after a conventional chicane. (b) The longitudinal 
phase space and its current profile after a chicane with 
optics linearization.  
 

For a typical chicane compressor, the first order 
longitudinal dispersion R56 is negative and the second 
order longitudinal dispersion T566 has an opposite sign to 
R56, hence A2 is a positive value normally. As shown in 
Eq. (5), a non-zero A2 leads to a high order nonlinear term 
in the longitudinal phase space. This phenomenon limits 
the compression in bunch length and causes a current 
spike in the compressed bunch for the typical chicane 
compressor as shown in Fig. 2 (a). It is well known that 
the longitudinal dispersion function is the integration of 
horizontal dispersion function in the bending magnet. As 
a result, an adjustable longitudinal dispersion function can 
be made possible by the introduction of quadrupole and 
sextupole magnets in the compressor. Hence the second 
order term in the longitudinal phase space can be 

compensated (A2 = 0) by a chicane compressor if we can 
set 
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For this case as shown in Fig. 2(b), the compressed bunch 
can have higher compression ratio and the current 
distribution is smoother as compared to the conventional 
one. 

 

 
The injector system is operated at 2998 MHz in S-band 

and is composed of three sections of 5.2 m linac and one 
section of 3 m linac. There are three klystrons, three 
modulators, and one SLED cavity. 

38 m 5 m
The accelerating field is 

operated at 18 MV/m for the 5.2 m section and 20 MV/m 
for the 3 m section. For the Baseline operation, this 
injector operates at 100 pC. The slice emittance of the 
accelerated beam after L0 is ~ 0.56 mm-mrad when the 
gun field is operated at 70 MV/m.  

 

In this injector, a single-stage compressor is adopted to 
minimize the CSR induced microbunching instability 
which is generally more severe in the multi-stage 
compression scheme. However with a single compressor, 
the shot to shot variation of the electron beam due to the 
initial jitter lacks the possible compensation scheme 
which is provided by the second compressor.  On the 
other hand, one should also be careful about the stronger 
wake field induced by the short electron bunch along the 
transport line. In this design, the generated beam from the 
cathode is tracked under the consideration of 3D space 
charge effects to L0 exit by GPT [4]. The accelerated 
beam is then transferred to ELEGANT for particle 
tracking with the consideration of the CSR induced 
emittance growth in the compressor, the longitudinal 
space charge effect and the wake field in the linac [5]. 
Figure 3 is the optics of the designed bunch compressor in 
this injector. 

 

-

2/0.1% and peak power of 200 MW at 
66.5 nm is achieved after ~ 2 m in the radiator. 
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