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The studies on the design and the user potantial of accelerator based light 
sources in Turkey have been made by our research group under the
feasibility project named as “Particle Accelerators: What should be done 
in Turkey?”

Then the research for accelerator technologies and designs dedicated to TAC 
(Turkish Accelerator Centre) project proceeded with several works. 
http://bilge.science.ankara.edu.tr

Eventually in 2006, the project has been enlarged including 9 other 
universities in Turkey under the coordination of Ankara University.

TAC Project in Brief
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Approximately 10 years ago, a linac-ring type charm-tau factory and a synchrotron light 
source were proposed as a regional project for research on elementary particle physics
and applied sciences. 

Starting from 2002, the conceptual design study of the TAC project has been started 
with a relatively enlarged group (with the DPT support).
The TAC CDR has been completed in 2006. 

Currently TAC project includes:

• A Linac-ring type charm factory

• Free electron laser based on 
electron linac

• GeV scale positron accelerator

• TAC IR FEL Facility.

TAC Project in Brief
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The Radiation Sources in TAC Project 

An IR FEL as the First Facility
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2006:
• The Technical design study
2007:
• Infrastructure of TAC IR FEL Facility 
2008:
• Installation of the IR FEL linac
2009:
• Installation of the IR FEL and beam lines with the experimental stations
• TAC technical design report will be completed.

2010:
• Commissioning of TAC IR FEL
• Governmental decision on approval of TAC project
2015:
• Particle (charm) factory and (synchrotron + SASE FEL) light source part of 

TAC project will be completed. 
2017:
• Proton accelerator and experimental stations will be completed.

The Schedule of TAC Project 
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FEL Oscillator 

• In an FEL oscillator the radiation that is obtained from the undulator is 
trapped between two mirrors. 

• The radiation interacts with the electron beam in its each round trip in the 
cavity.
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TAC IR FEL FACILITY 

Superconducting 
Acceletor Modules

RF 
Photo 
Injector (2 or 3  9-cell cavities

considering an achievable
gradient of 15 MV/m)
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Undulator for IR FEL

Halbach formula
for the peak field



11

Undulator for IR FEL
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• With respect  to the Halbach formula, with a period length of 5 cm, K and B values for 
the gap values between 2 and 5:

• The minimum value of the gap has been chosen as 2 cm in order to leave enough 
space for diagnostics tools and the vacuum chamber inside the undulator.
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Flux for FEL Oscillator
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Flux for FEL Oscillator
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Undulator for IR FEL

Forschungszentrum Rossendorf, ELBE
U27
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Undulator for IR FEL

Forschungszentrum Rossendorf, ELBE
U100
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Brightness for FEL Oscillator
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Brightness for FEL Oscillator
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Cavity for IR FEL

Mirrors have to be considered !

• Determination of the radius for each mirror

• Radiation spot sizes on mirrors and in the undulator

• Radiation waist is a limit for minimum applicable undulator  gap  

02 gω <
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Radiation Power for IR FEL
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Semi-Analytical Gain Model 

• An FEL oscillator operates in low gain regime where the paramount 
parameter is low gain parameter given as,

[ ] [ ] [ ] ( )
2

23
0

0

/16
u b

J A m
g m m N f

I A
π λ λ ξ ξ
γ

⎡ ⎤⎣ ⎦=

( ) ( )0 1bf J Jξ ξ= −Bessel factor
2

2

1
4 1 / 2

K
K

ξ =
+

c
z

µ
σ
∆

= Nλ∆ =

4Nε εµ σ=

0

4 L
g
δθ =
∆ 0.456sθ =

Slippage effect

Inhomogenious broadening effects

Cavity length detuning parameter

• Other parameters can affect the gain and must be taken into account when 
calculating it.

(velocity difference between 
photon and electron beam)

(energy spread)



23

Semi-Analytical Gain Model 
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a intra-cavity loss of %5
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SASE FEL from electron beam with energy of 130 MeV

TAC SASE FEL
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TAC SASE FEL

A NbFeB hybrid undulator has been considered for the SASE FEL.
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TAC Synchrotron Source

Synchrotron radiation from pozitron beam with energy of 3.56 GeV
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• Indeed the ring has been proposed for a charm factory, and has a structure 
of DBA (double bending achromat) cell.

• The design includes 32 bending magnets, 96 focusing and defocusing 
quadrupoles.

• It is also proposed to have 12 magnet free regions in order to include 
undulator/wiggler magnets and rf cavities, 4.4 m each (Nergiz, 2004).

• Since 1 or 2 rf cavities will be used one can design at least 10 beamlines.

TAC Synchrotron Source

(Nergiz, Z. 2004)
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TAC Synchrotron Source

Some Parameters of the Magnets

There are 4 types of wiggler magnets that are not shown here 
with K values of 4, 8,12, 24 and all having the period length of 10 cm.
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TAC Synchrotron Source

Some result of SPECTRA code.
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Flux

Brigthness
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• The bending magnets used in the ring has a radius of 12.22 m and a 
magnetic field of 0.972 T .
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• Three different undulators have been considered in order to propose as possible 
choices to use in the further design studies of IR FEL facility that will be built in 
Ankara. 

• The possible use of obtained laser beam will be in basic and applied 
research areas such as  biotechnology, nanotechnology, semiconductors
and photo chemistry. 

• The desired wavelenght range is 1-100 microns with the electron beam
energy range of 15-45 MeV. (60 MeV depending on modules)

• A SASE FEL and a synchrotron source from an existing ring design were proposed 
as the alternative radiation sources for the project.

Further Questions on the IR FEL facility
• Using cold technology for RF gun or / and accelerator modules,
• The dimensions of the facility building including needs for radiation safety,
• Structure of beamlines and experimental stations.

Results and Discussion
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...Thank You...
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