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1. Importance of the Off-Axis Parabolic (OAP) design 

LGED 100TW Commissioning Experiment : 

4 
www.edmundoptics.com 

Focusing optics – Lens vs Curved Mirror 

Overcoming Aberrations –  

Aspheric mirrors 

w1 

w2  

w1 

w2  

Four Wave Mixing 
w3  

w4  

w1 

w2  

Dark Matter search 

www.thorlabs.com 



On-axis vs Off-axis Parabolic mirrors 
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1. Importance of the Off-Axis Parabolic (OAP) design 

www.owlcation.com spectroscopy.wordpress.com 
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7 www.standa.lt 

Dimension, Degrees of Freedom and Load capacity check of stages in order to 

fit this expectation 

Expected incident beam height centered at 225 mm + 6” OAP mirror 

2. Basis for Mount Assembly + Operation Test  
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XY 

Vertical 

6” Mirror mount 

Adaptors 

Mechanical 

Base plate + XY+ XY-Vertical Adaptor plates + 

Vertical + Mirror mount adaptor plate + Mirror mount 

+ Mirror support ring with Teflon supports 

X 

X 

Automation 

Including Stepper motors and DC actuators 

10mm 
50mm 

10mm 

10mm 
~95-107mm 

Beam incidence height centered at 225 mm : ACHIEVED  

152.4mm 

10mm 

225mm 

2. Basis for Mount Assembly + Operation Test  



 OAP Mirror Mount assembly  

with  5 motorized axes 

• Horizontal/Vertical Translation for Centering 

• Pitch and Yaw for Pointing 

• Longitudinal (Laser propagation direction) for Offset Position of OAP  
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V 

H 

L 
Yaw 

Pitch 

Pitch: Rotation w.r.t H axis 

Yaw: Rotation w.r.t V axis 

V: Vertical 

H: Horizontal 

L: Longitudinal (= Laser Propagation) 

EFL = 520 mm  

Full Angle = 15 degree 

2. Basis for Mount Assembly + Operation Test  



www.standa.lt 
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For the vacuum chamber: 

Connect motor to the motor controllers 

through the electrical feedthrough 

2. Basis for Mount Assembly + Operation Test  



Stage 2 

Stage 1 

DIN connector 

Bayonet type 
 
19 Pin DIN connector 
 
Compliance standard : MIL-C-26482 
 
Company: Hermetic-sealing 

www.hermetic-sealing.com 

Vacuum side Air-side  
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2. Basis for Mount Assembly + Operation Test  



Feedthrough 

Ethernet-based 

12-axis Motor 

controller 

Computer 

Router 

Standa :  XI Lab 
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2. Basis for Mount Assembly + Operation Test  

http://www.standa.lt/images/catalog/b/multi-axis-stepper-dc-motion-controller-industrial.jpg


1. Precision and accuracy tests 

2. Stage translation limits established.  

3. Positioning Centered before optical study.  
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2. Basis for Mount Assembly + Operation Test  
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He:Ne Laser 
Mirror 

Mirror 

Mirror 

Mirror 

Beam Expander 

Convex 

f=10mm 

Convex 

f=100mm 

Convex 

f=150mm 

Convex 

f=125mm He:Ne Monitor 

CMOS Camera  

Aspheric Lens 

(f=4.51mm, 

NA=0.55) 

Convex 

f=500mm 

Mirror 

Mirror 

OAP (EFL=520mm, Full Angle = 15 deg.) 

Co 

Schematic of optical set-up with Helium Neon laser 

3. Optical Alignment  

Φ50mm 



Optical set-up with Helium Neon Laser  

16 
Co 

3. Optical Alignment  



Step 1) Set Reference Trajectory (1/2) 

• Magnified the He:Ne laser before M1 (f 45 - 50 mm in this case) 

• Align the laser though Iris 1 & 2 by adjusting M1 & M2 

• Insert M3 mirror perpendicular to laser injection  

 

 

 

17 

Iris 1 

M2 

M3 on  

Rotation Stage 

M1 

Iris 2 

Co 

3. Optical Alignment  



Step 1) Set Reference Trajectory (2/2)  

• Rotate M3 by 7.5 degree (15 degree is full angle of OAP)  

• Mark the laser trajectory by Iris 3 and 4 
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Iris 1 

M2 

M3 on 

Rotation Stage 

M1 

Iris 2 

Iris 3 

Iris 4 

OAP (F = 520 mm, Full Angle = 15 deg.) 

Co 

3. Optical Alignment  



Step 2) Initial Tuning by Centering 

• Remove M3 and put the OAP  

• Check the center of OAP  

• Translate the stages in H/V direction. 

– The center of laser beam hits on the center of OAP. 
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V 

H 

Co 

3. Optical Alignment  



Step 3) Initial Tuning of Offset and Pointing   
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Iris 1 Iris 2 

Iris 3 

Iris 4 

• However OAP is located at the offset position in 

longitudinal direction with improper Yaw & Pitch 

angle like dotted blue line 

• Close Iris 1 to make small beam 

– With small laser beam diameter on the center of OAP, 

OAP works as a flat mirror.  

OAP + 5 axes 

L 

Yaw 

• Shift Longitudinal L to compensate offset. 

• Adjust Yaw & H  and Adjust Pitch & V to 
sustain the beam to the same Iris 3/ 4 line within 
motor limits. 

• After this step, you should have the optimal 
pointing parameter sets of Pitch, Yaw, H, V and 
L with excellent focusing. 

Co 

3. Optical Alignment  



Step 4) Check OAP Rotation   
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Iris 1 Iris 2 

Iris 3 

• Place CMOS camera at focal spot   

• Observe the far-field to check OAP Rotation 

• If rotation angle is not good, rotate OAP and mount it again and go back to Step2. 

OAP + 5 axes 

Co 

3. Optical Alignment  



Step 5) Coarse Adjustment of Focusing  
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Iris 1 Iris 2 

Iris 3 

• Put CMOS camera with aspheric lens to see the shape of focusing. 

• Move the camera in H/V direction to see the image on the center of camera 

• Check the profile not only at focal spot but at off-focal spot by moving the camera along laser 

propagation direction. Astigmatism found at off-focal spot is also important information for the 

adjustment. 

OAP + 5 axes 

Co 

3. Optical Alignment  



1. Importance of Off - Axis Parabolic Design 

2. Basis for Mount Assembly +  Operation Test 

3. Optical Alignment 

4. Preliminary result 
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Step 4) Check OAP Rotation 

24 

a) Anti-clockwise Rotation  b) Clockwise Rotation  c) Optimal orientation 

V 

H 

VOAP 

HOAP 

These images were obtained using an aspheric lens on CMOS camera.  
View from the laser propagation 

Co 

4. Preliminary result 



Step 5) Coarse Adjustment of Focusing 
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• Set the camera position and the Camera gain to see the change of astigmatism clearly. 

• Iteratively Adjust Yaw & H and Pitch & V to keep the image on the camera center to get 

symmetric ring pattern.  

 

 

 

at focal spot at -1 mm off-focal 
spot 

at focal spot at -1 mm off-focal 
spot 

Before Adjustment After Adjustment 

Co 

4. Preliminary result 



Step 6) Fine Adjustment of Focusing 
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(a) (b) (c) (d) (e) 

Red dotted line is eye guide for you 

Profile Change along with Laser Propagation Direction (after fine-tuning) 

-400 um  -200 um  0 um  400 um  800 um  

Co 

4. Preliminary result 
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Summary 

• Mechanics and Automation of the assembly were designed to meet 

experimental requirements.  

 

• The procedure of OAP alignment was established successfully with 

He:Ne laser on the optical table.  

 

And then… 

• Post data analysis, the diameter of Φ50 mm He:Ne focusing profile was 

11 um at FWHM 

• Similar focusing profiles were later obtained with Φ35 mm Nd:YAG by 

OAP1 (F=520mm) and Φ50 mm HPLS inside the vacuum chamber.  

• Telescopic alignment of two OAPs for signal collection 

 

      …leading to 100TW commissioning experiment 
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Thank you 


