
MODELLING OF BEAM PARAMETERS OF RF LINAC FOR GBS-ELI-NP 
Piotr Tracz†  

for the ELI-NP team 
ELI-NP/IFIN-HH, RO-077125 Bucharest-Magurele, Romania 

Abstract 
The Gamma Beam System at the ELI-NP (Extreme 

Light Infrastructure – Nuclear Physics) currently being 
constructed in Magurele/Bucharest, Romania will be a 
high-brilliance advanced source of gamma rays based on 
laser Compton back-scattering. For a successful operation 
of the GBS a high brightness low emittance electron beam 
is of crucial importance. The warm RF linac is designed 
in two stages – one with the beam up to 300 MeV, and 
another one about 720 MeV. The S-band photo-injector is 
combined with a C-band linac. The beam is transported 
by transfer lines to the interaction points.  In this paper we 
report the results of computer simulations of the electron 
beam transport in the low energy linac and transfer line up 
to the low energy interaction point (IP1). The simulation 
model makes it possible to predict the beam parameters to 
be recuperated in case of failure of any magnetic or accel-
erating elements as well as it enables to determine the 
optimal parameters of replaced components. It will be 
used for the development of the Gamma Beam System in 
the future. 

INTRODUCTION 
The Gamma Beam System was designed and is being 
constructed by the EuroGammaS Association – a consor-
tium of European academic and research institutions and 
industrial partners, and it is hosted by the Horia Hulubei 
National Institute of Physics and Nuclear Engineering [1]. 
The technical design of GBS is described with details in 
[2], and several other publications like e.g. [3-5].  

To perform the simulations we used the Elegant [6] 
code, and SDDS toolkit [7] for processing and graphing 
of the Elegant output data. The simulations of the beam 
transport in the injector and calculations of output beam 
parameters at the injector exit were done with use of the 
program Parmela [8, 9]. Currently we are studying beam 
optimization in the injector using the Astra [10] code.  

Our study will be extended for the high energy linac. 
The aim is to provide means to re-optimize the linac set-
tings to new working points in accordance to users’ re-
quirements. 

S-band Injector 
The GBS injector starts at the RF gun with photo-

cathode. To suppress the beam loss by transverse spread-
ing there are two focusing solenoid magnets with high 
gradient field starting very close to the gun exit. They 
focus the beam to minimum size and make the beam 
emittance low at the entrance of accelerating structure. 
The photo-cathode RF gun generates electron beam in the 

photoemission process. Ultraviolet laser pulses are inci-
dent on the copper photo cathode. The charge of the elec-
tron bunches depends on the laser power and the conver-
sion efficiency of the photo-cathode material; in case of 
GBS it is 250pC. The 2D profile of the gun with electric 
field pattern designed in the electromagnetic code Super-
fish [11] is shown in Fig. 1. It will operate at 𝜋𝜋-mode with 
resonance frequency 2.856GHz with an input power suf-
ficient to achieve 120MeV/m field gradient at cathode.  
 

 
Figure 1: 2D profile of RF gun for GBS with electric field 
profile.  

The RF gun is followed by two TW accelerating struc-
tures. These are constant gradient (22MV/m), and will 
operate in 2𝜋𝜋/3 mode. The first structure is surrounded 
by twelve independent coils. The purpose of them is to 
keep the radius of the beam from the entrance along the 
accelerating sections. Additionally the S-band sections 
will act as a bunch compressor.  

Low Energy C-band Linac 
The low energy linac that follows the injector is based 

on four C-band sections operating at 5.712 GHz. The 
length of each section is 1.78449m and the length of a 
single cell is 0.017495m. Each section is fed by 52MV 
RF voltage. The input RF phase of the first two sections is 
82.5° and other two 115°. The dogleg type transport line 
transmits the beam to the interaction point. After the in-
teraction point the beam is transported to the beam dump.  
    In addition to the accelerating sections the linac mod-
ules are completed by magnetic and diagnostic devices. 
There are two quadrupole triplets in the diagnostic sec-
tions. One after the first C-band structure and another one 
at the end of the low energy linac. They are used for emit-
tance measurement and to provide the desired electron 
beam focusing. There are several beam profile monitors 
(screens) located at different positions along the linac to 
control the transverse profile of the beam. Figure 2 pre-
sents the distribution of the quadrupole magnets and the 
profile monitors in the low energy linac. Two S-band 
transverse deflecting structures will be used for measuring 
the longitudinal beam profile.   ___________________________________________  
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Figure 2: Location of quadrupole magnets and profile 
monitors in the low energy linac [2].  

Transfer Line 
The transfer line starts at the dipole magnet. There are 

two quadrupole triplets. The dispersion of the beam after 
dipole magnet 01  is corrected by dipole 02 . Figure 3 
shows the components of the transfer line.  
 

 
Figure 3: Location of quadrupole magnets and profile 
monitors in transfer line [2]. 

RESULTS 
Elegant Simulations 

For the simulations with the Elegant code 50 000 parti-
cles were used. The beam charge  Q = 250pC , output 
beam energy at the injector exit  E = 81MeV , bunch 
length σz ≈ 280µm, the transverse normalized emittance 
(1𝜎𝜎) at the injector exit (screen 04), calculated from the 
Elegant output data is 𝜀𝜀𝑛𝑛 𝑥𝑥,𝑦𝑦 ≈ 0.43 [µm ∙ rad] . Input 
Twiss parameters [9] are: 𝛽𝛽𝑥𝑥 = 31.69, 𝛼𝛼𝑥𝑥 = −1.98, 𝜂𝜂𝑥𝑥 =
0,  
𝛽𝛽𝑦𝑦 = 31.71, 𝛼𝛼𝑦𝑦 = −1.99, 𝜂𝜂𝑦𝑦 = 0.   

Figure 4 below presents the evolution of the transverse 
beam profile along the low energy linac, and transfer line.  
 

 
 

 
Figure 4: Transverse beam profiles at: injector exit (a), 
end of low energy linac (b), and interaction point IP1 (c). 
 

 
The transverse (Figure 5) and longitudinal (Figure 6) 
beam distributions are the histograms of three coordinates 
𝑥𝑥,𝑦𝑦, 𝑧𝑧. The z coordinate is calculated from the relation-
ship 𝑧𝑧 = 𝛽𝛽𝛽𝛽𝛽𝛽, where 𝛽𝛽𝛽𝛽 is the velocity of the particle, and 
𝑡𝑡 is time of arrival at the observation point. Figures below 
include the rms sizes of the bunch.  
 

  
Figure 5: Transverse beam distribution at IP1. 

 

 
Figure 6: Longitudinal beam distribution at IP1. 

A good approximation for the beam shape in phase 
space is elliptic. An ellipse can be defined by specifying: 
area, shape, and orientation. The beta function 𝛽𝛽(𝑠𝑠)  is 
related to the beam shape and size. The beam envelope is 
determined by the beam emittance and the function 𝛽𝛽(𝑠𝑠). 
The beta function is highly dependent on the particular 
arrangement of the quadrupole magnets. The alpha func-
tion 𝛼𝛼(𝑠𝑠) is related to the tilt (i.e. orientation) of the beam 
ellipse. Figures 7 and 8 depict the functions 𝛽𝛽(𝑠𝑠)  and 
𝛼𝛼(𝑠𝑠) along the low energy linac and the transfer line up to 
IP1. The gamma function depends on 𝛼𝛼- and 𝛽𝛽-functions 
in accordance to the relation 𝛾𝛾(𝑠𝑠) = 1+𝛼𝛼2(𝑠𝑠)

𝛽𝛽(𝑠𝑠)
. 

 

 
Figure 7: Function beta from photo-injector exit down to 
low energy interaction point IP1 (𝛽𝛽𝑥𝑥 -black line, 𝛽𝛽𝑦𝑦 -red 
line). 

 

a) b) 

c) 
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Figure 8: Function alpha from photo-injector exit down to 
low energy interaction point IP1 (𝛼𝛼𝑥𝑥-black line, 𝛼𝛼𝑦𝑦 -red 
line). 
 

The normalized emittance (1𝜎𝜎) at the IP1 calculated 
from the Elegant output data is εn x,y = 0.43-0.45 [µm ∙
rad].  

 
In Fig. 9 the transverse phase space at IP1 is given.  

 

  
Figure 9: Transverse (horizontal – left, vertical - right) 
phase space at IP1.  

Figure 10 presents the beam energy spread and beam 
energy at IP1, and Fig. 11 the energy distribution along 
the bunch.  
 

    
Figure 10: Beam energy spread (left) and energy distribu-
tion (right) at IP1. 

 

 
Figure 11: Energy distribution along bunch at IP1. 

 

CONCLUSIONS 
We presented the results obtained in simulating the 

beam transport in the low energy linac and the transfer 
line for the ELI-NP Gamma Beam System. We used the 
Elegant code. Our study will be extended for the high 
energy linac. Calculations of the injector will also be done 
with use of the Astra code.   
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