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ATF Damping Ring 
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Compact laser wire position 
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Compact 4 mirror laser wire system 
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Length of optical cavity = 103 mm 
Side by side distance = 29.2 mm 
Radius of Curvature = 101.81 ± 0.2 mm 

Minimum Beam waist 

𝝈𝒔= 4 𝝁m,  𝝈𝑻 = 14 𝝁m 

Wavelength = 532 nm 
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Design Of Mirror holders & Mirror Alignment scheme 
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Injection  

Long PZT Actuator  

Short PZT Actuator  

Concave  Concave  
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Compact optical cavity design 
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103 mm  

29.2 mm 29.2 mm 
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System setup 
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NPRO  
CW 
532nm 

CW Laser Oscillator 

532 nm 

300 m W 
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Beam evolution inside compact resonator 
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Finesse 

Reflectivity 
R1=99.9% 
R2=99.99 % 
R3=99.99 % 
R4=99.99% 

𝐹 = 𝜋
𝑅1𝑅2𝑅3𝑅4

4

1 − 𝑅1𝑅2𝑅3𝑅4
 

= 4831.3 
 

Measured Finesse= 
FSR/FWHM 
=  4126.6 ± 230 
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FSR 
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Beam waist measurement using divergence method 

P.D. With Pin Hole 

X 

Y 
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Beam waist Measurement 
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Beam waist as function of divergence angle 

𝜎𝑇 =20.14 ± 0.7 um 𝜎𝑠 = 6.9 ± 0.3 um 

𝜎𝑇 = 14.1 um 

𝜎𝑠 = 3.95 um 

Theoretical design values for waist in tangential plane 

Theoretical design values for waist in sagittal plane 

Ratio = 𝜎𝑇 𝜎𝑆  ≈ 3.5 

Measured Ratio = 𝜎𝑇 𝜎𝑆  ≈ 3 

Errors in divergence angle and radius of curvature is considered for calculations 
                          R= 101.81 ± 0.2 mm 

𝜎𝑆 

𝜎𝑇 
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Guoy Phase Measurement  
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Mirror Separation 𝛿 in mm 

Guoy Phase for 𝛿 = 0 

Guoy Phase for 𝛿 = 0 

Sagittal Plane 

 Tangential Plane 

Minimum beam waist 

Sagittal Plane beam size (𝜎 𝑣𝑎𝑙𝑢𝑒) 5.79 ± 1.535 um 

Tangential Plane beam size (𝜎 𝑣𝑎𝑙𝑢𝑒)  16.02 ± 2.5 um 

Radius of curvature =101.81 ± 0.2 mm 
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Mode-Locked Pulsed Laser Oscillator 
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O/P Power of 714 M Hz Laser Oscillator 

Repetition rate = 714 M Hz 
O/P Power = 650 m W 
Pulse width = 7.5 ps  
Crystal = Nd: VAN 
Wavelength = 1064 nm ( IR) 

714 MHz 
Repetition 
rate 
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Conversion of IR pulsed laser into Green laser 
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Dimensions of Crystal = 
 1 mm (T) * 2 mm (W) * 15 mm (L) 
PM temperature = 45 ±5 C 

Non Linear crystal and use of 
Dichroic mirrors to separate IR 
and Green wavelength 

Conversion efficiency ( IR to Green ) of 
20 % is achieved using Non linear crystal. 
 
If we amplify the injection IR power , we 
can obtain high second harmonics 
conversion. 
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Preparation of Green Laser oscillator 
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714 M Hz IR LASER 
OSCILLATOR 

Fiber  
Pre Amplifier 

PCF based  
Main Amplifier 

SHG using Non 
Linear Crystal 

4 Mirror 
 Compact Cavity 

700 m W 

~2 -3 W 

~25 W ~ 5W 

We are now working on development of fiber amplifier in order to 
obtain high power green laser beam. 
 
Simultaneously,  feed back operation to be done. 
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Electron bunch and Laser pulse collision 
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𝜗 (𝜇𝑚) 

According to  
Model Calculations 

Electron bunch and 
laser pulse collision 
angle will be 90° 
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Installation of compact resonator inside DR 
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Merits of Compact Resonator 
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1. Four mirror resonator reduces the sensitivity to the misalignment of mirror 

compared to two mirror resonator, thus more stable. 

 

 

2. When CW Laser wire is  replaced with  pulsed laser wire, more efficient laser-

beam collision can be realized. 

 

 

3. CW laser wire system takes more time in scanning of electron beam  compare to 

Pulsed laser. Pulsed Compact resonator will take less than one minute to scan 

electron beam profile 
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Conclusion 

• Green Laser amplification by fiber amplifier system( via 2nd 

harmonics generation ) is under development. 

 

• Beam waist of compact resonator can be reduced to smaller 

size  , once we experimentally determine mirror curvature value 
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