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Highlights of the presentation 

1. Principle of Operation of FEL 
Å Qualitative and pictorial representation 

2. Outline of Delhi Light Source (DLS) at IUAC 
Å Phase-I ï Production of THz radiation by NC PC RF gun 

3. Challenges in FEL  

2/20/2015 
Indo-Japan school on Advanced Accelerators for Ions and Electrons                                         

16-18 February 2015 
2 



1. An electron gun ï based on laser operated PC 

      & a resonator powered by klystron/modulator 
 

2. A laser system ï produce the electron bunches 
 

3. An Undulator magnet ï to produce e.m. radn. 
 

4. Bending and other magnets ï transport the  

      electron beam - electron gun to beam dump 
 

5. Beam diagnostic and e.m radiation detector systems 
 

6.   Electronics, Control, Beam based tuning 
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Principle of operation of FEL 

Major components: 
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N S N S N How the Photons are generated 
ÅUndulator appears to move towards electron, length to 

     be contracted and is determined by (1/g). 

     For electron accelerated to 5 MeV,  

 

      

Å If lU = undulator period (~30 mm), then 

         after length contraction l* = lU /g = 3 mm 
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Relativistic effect on electron 
ÅEnergy > few hundreds of KeV 

ÅLength of the moving object contracts 

ÅThe electron oscillate and emit a radiation of wavelength l*  

ÅSo l* observed by the stationery observer is reduced by  

     (1/2g) (relativistic doppler effect)  

Å The final wavelength lR = l* /2g = 150 mm = 2 THz 
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Principle of operation of FEL 



Equation of the radiation produced by wiggling electrons 

Principle of operation of FEL 
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Importance of Coherent radiation 

Bunch length ~ mm, E-energy = few MeV  

Principle of operation of FEL 
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How Coherent radiation is produced in FEL  

ÅElectron emits radiation of a distinct 

  wavelength (photon),  

ÅThe photon moves in a straight line 

  interacting with another electron  
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Y = B 
X = E- field of e.m. rad. 

Z 

V = Velocity of electron 

Y = B 

X = E- field of e.m. rad. 

Z 

V = Velocity of electron 

3 1 

4 2 

Vx 

× Electron emits radiation  

         a  distinct wavelength ,  

         interacts w 2nd electron  

 

× E-field component of radiation 

         interacts w X-comp of the 

         wiggling motion of electron 

          Results to accl / deccel of  

          electron 

          some electrons move faster 

          some move slower 

          - velocity modulation 

Vx 
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How Coherent radiation is produced in FEL  



lu = 40 mm 

Electron velocity close to c 

E-beam bunch length ~ mm (ps) 

E-beam bunch separation ~ meter (MHz) 

mm 

meter 

× Results to accl / deccel of electron 
     Velocity modulation  

× Electron are injected in bunches.  

× Each bunch will be split in to 

microbunches due to velocity 

modulation. 

× Process is known as    

Microbunching 
 

Y = B 
X = E- field of e.m. rad. 

Z 

V = Velocity of electron 

Y = B 

X = E- field of e.m. rad. 

Z 

V = Velocity of electron Vx 

Vx 
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How Coherent radiation is produced in FEL  



Bunch length ~ 3 mm, E-energy = 7 MeV, Dt ~ 10 ps onwards 

l=wavelength of radiation 

7 1 6 5 3 2 S 

How Coherent radiation is produced in FEL 
ï Concept of Microbunching (followed in Phase-II/III, unlike Phase-I) 

ÅNow all the electron disks emit radiation in synchronism, & the  

  light can amplify itself to form high-intensity laser radiation. 

t0-Dt t0 
t0+Dt 
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Interaction of Photon and wiggling electron inside undulator magnet  
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lU ï Undulator wavelength 

BU ï Undulator mag field 



How Coherent radiation is produced in FEL 
ï Concept of Microbunching (followed in Phase-II/III, unlike Phase-I) 
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If the electron energy exactly meets the resonance 
 

ÅMicro-bunching of the electron beam is taking place 

Å50% electron will gain energy from photon & 50% will lose 

ÅBut there is no net energy transfer from electron to photon 

ÅThere is no net gain so the photon intensity doesnót grow 
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Injection energy of an Electron in to Undulator 
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But before that let us introduce the concept of separatrix 
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Concept of separatrix ï an analogy with simple pendulum 

Curve is circular for small H 

and eye shaped for extreme H 

Separatrixï> curveï> H =  

Separates the phase space  

into 2 distinct area 

Inside ï curves corresponds 

to oscillating motion 

Outside ï curves corresponds 

to continuous 3600 motion 

Closed curve  
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Injection energy of an Electron in to Undulator 

Electron energy & its phase co-ordinate is outside 
Å wonót be confined in oscillatory motion 

Å lost during the transit through accelerator 

Å Results to e-beam loss and hence radiation, I  ́N2  
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Injection energy of an Electron in to Undulator 

If the electron energy exactly meets the resonance 
 

Å There is a (micro)-bunching of the electron beam 

Å But there is no net energy transfer from electron to photon 

Å There is no net gain so the photon intensity doesnót grow 
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Picture Courtsey: Dr. P.Michel, HZDR 
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Injection energy of an Electron in to Undulator 

Picture Courtsey: Dr. P.Michel, HZDR 

Electronôs energy is to be slightly enhanced 
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Injection energy of an Electron in to Undulator 

Picture Courtsey: Dr. P.Michel, HZDR 

Electronôs energy is to be slightly enhanced 
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Injection energy of an Electron in to Undulator 

Picture Courtsey: Dr. P.Michel, HZDR 

Electronôs energy is to be slightly enhanced 

[ [ 2

2
 = 1  

2 2

U U U
R

eB

mc

l l
l

g p
ø ø+ ú ú



2/20/2015 
Indo-Japan school on Advanced Accelerators for Ions and Electrons                                         

16-18 February 2015 
19 

Injection energy of an Electron in to Undulator 

Picture Courtsey: Dr. P.Michel, HZDR 

Electronôs energy is to be slightly enhanced 
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Injection energy of an Electron in to Undulator 

Picture Courtsey: Dr. P.Michel, HZDR 

Electronôs energy is to be slightly enhanced 

[ [ 2

2
 = 1  

2 2

U U U
R

eB

mc

l l
l

g p
ø ø+ ú ú



2/20/2015 Indo-Japan school on Advanced Accelerators for Ions and Electrons                                         

16-18 February 2015 

21 

Injection energy of an Electron in to Undulator 

Picture Courtsey: Dr. P.Michel, HZDR 

Electronôs energy is to be slightly enhanced 
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Injection energy of an Electron in to Undulator 

Picture Courtsey: Dr. P.Michel, HZDR 

Electronôs energy is to be slightly enhanced 
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Injection energy of an Electron in to Undulator 

Picture Courtsey: Dr. P.Michel, HZDR 

Electronôs energy is to be slightly enhanced 
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Injection energy of an Electron in to Undulator 

Picture Courtsey: Dr. P.Michel, HZDR 
Electronôs energy is to be slightly enhanced 
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Electron losing energy > Electrons gaining energy 



It is an Free Electron Laser machine & produces em radiation 

 

Motivation:  
Å IUAC ï national research facility using ion beams from accelerators  

Å To extend the research activities using coherent photons in emerging 

      areas of physical, chemical, biological and medical sciences 

Plan:  

Å Development of a Photo injector based electron gun to produce  

      electron beam of ~ 7 MeV suitable for a free electron laser (FEL) 
 

Å Develop a compact FEL to produce radiation up to THz (Phase-1) 
 

Å Develop SC RF-gun to produce THz with higher av. power (Ph - 2) 
 

Å Extend it to increase the radiation range to IR & X- rays (Phase-3) 
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Layout of Delhi Light Source (DLS) 

30 m 

40 m 

Phase-I (1 mm - 200 mm) 

Phase-II (1 mm - 200 mm) 

Phase-II  

Phase-III  
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lR = (200 ï 50) mm 

lR = (50 - 4) mm 


