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LGED 100TW Commissioning Experiment : Dark Matter search

W, Four Wave Mixing W,

W / T W Focusing optics — Lens vs Curved Mirror
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Mirror with parabolic shape
Spherically shaped mirror has no spherical aberration

has spherical aberration
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S e Overcoming Aberrations — = o
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5 N Aspheric mirrors : AT\

. One focal point

Many focal points ' '

NOTE: The parabolic shape

above has been exaggerated. 4

www.edmundoptics.com www.thorlabs.com
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On-axis vs Off-axis Parabolic mirrors
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Expected incident beam height centered at 225 mm + 6” OAP mirror

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

0
0 encoder vocuum compatible ]
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a ; o Motorized Vertical Stage 8MVT120-12-4247 2 iy = ~N
v’, q & T T I _“""'!'“'l"'?_dj ’_j’g
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3 $-¢-3lg
& g ® 17917 m'o‘m olo Optocoupler end limit switches 2
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‘o\‘ N, ' e® ¢+ ©o || } Motor connector DB9(M)
o & o
! A 25 Material Aluminium
4 LNINS 0o
FE= _D580- N N\ Méx(}deesep L ?g o Finish Black anodize hard cover
s =i [\ 8 holes R L~ B— .
N 100N for Mo screw 100 Weight 3.5kg
— 4 clearance holes fe 120 o Recommended Controller 8SMC5-USB

www.standa.lt
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2. Basis for Mount Assembly + Operation Test
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Adaptors Beam incidence height centered at 225 mm : ACHIEVED

6” Mirror mount
! 2 152.4mm

Vertical
10mm

~95-107mm
10mm

x D 50mm

Mechanical
Base plate + XY+ XY-Vertical Adaptor plates +
Vertical + Mirror mount adaptor plate + Mirror mount
+ Mirror support ring with Teflon supports

225mm

Automation
Including Stepper motors and DC actuators
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Pitch: Rotation w.r.t H axis

OAP_ Mirror MOl_mt assembly V Yaw: Rotation w.r.t VV axis
with 5 motorized axes N V' Vertical
H: Horizontal
L: Longitudinal (= Laser Propagation)
Pitch 20
E N
Yaw
H —
C AT, S EFL =520 mm
R s S Full Angle = 15 degree

« Horizontal/Vertical Translation for Centering
 Pitch and Yaw for Pointing
« Longitudinal (Laser propagation direction) for Offset Position of OAP
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8MVT120-XX-V423 : ;
B
ce e Stage 1 A .
| s ‘ D .
e ] . -
ase
J : :
Ground P .
e — Y °
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J 1
. . H 2
Stage 2 g p .
Phase /B K
Phase B .
Phase /A L
Phase A ’7 u ;
| :
Ground T
S sz ‘ s
I SW1 S 9
MIL-C-25482
v A 19 PIN Air side HDB15(M
8MTFV-75/40LS05-V423 c 1
8 2
Stage1/ Axis1 Phasa /B . -
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[ | Phase/a | R ’
e | P .
I - SW2 N 9
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1
p 2
Stage 2/ Axis 2 Phase /B :
- 4
] e | !
B | :
| | sw2 ’7 9
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MIL-C-25482 HDB15(M
Vacuum side 13 PIN Air side

For the vacuum chamber:
Connect motor to the motor controllers
through the electrical feedthrough

VACUUM 105

MOTOR INFORMATION
STEPPER MOTORS { Torque, Phase Resistance, Inductance \giens/Revolution
Voltage, Phase Current, Holding Torque, Deter:“Nm ' Ohm ”‘?00, 200 (1.8
Design Voltage, Nm o 1.5:20% 2
Model [Wiring scheme v A 003 15 5.415% TeEa0% | 200(18)
43 0.6 - 375 6.8£15% i 200 (1.8°)
bipolar : 0.1086 : 15% 4+20% S
20 456 067 25 5.6t ST 200 (1.8)
28 bipolar '75 0.87 0.071 2'2 175215% 3.3120% 200 (1' &)
. - 0, .
285 biplal 2'1 5 1.8 05 85 30£10% 37£20% 200 (1.8°)
bipolar : 0.25 : 0% 6+20% ;
4149 12 0.4 55 30t ; 200 (1.8°)
4233 bipotar 12 045 5 24%15% gas0th | B0
4247 | VACUUM 106 1orr comm'rlif: s — L 2‘8 2:10% 10'%22(?;& 200 (1AS°)
TEPPER MOTO| 8.8120% —
56:)8 N 2£10% g | 200 (1.8)
e
91
201 W bipolar
S M bipolar
z W bipolar

Design |continy

ous|Contii -
Voltage, v Current, A Tor';tllngu?\;rj: Contmu(ws
m : -r

Torr COMPATIBLE pc MOTORS

www.standa.lt
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Alignment Bayonet type
19 Pin DIN connector

Compliance standard : MIL-C-26482

Open contact/unused — Company: Hermetic-sealing

Vacuum side

DIN connector

www.hermetic-sealing.com
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Feedthrough

y4

Router

Computer

standa: XI La

XiLab 1.17.10

e doe: 310153

0 000/256

Ethernet-based
12-axis Motor
controller

12
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1. Precision and accuracy tests

2. Stage translation limits established.

3. Positioning Centered before optical study:.

13
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Beam Expander

He:Ne Laser Mirror . _
Mirror Convex
Mirror f=125mm  He:Ne Monitor
Convex Convex ,iMﬁS'C?_mera
I _ _ —==t Aspheric Lens
Mirror f=10mm f=100mm (ot
:I NA=0.55)
— )
Mirror
Convex Convex
f=500mm f=150mm

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

Mirror

Schematic of optical set-up with Helium Neon laser
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ptical set-up with Helium Neon Laser

g F
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Step 1) Set Reference Trajectory (1/2)

M1
Iris 1 Iris 2
' V M3 on
M2 A Rotation Stage

« 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
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Step 1) Set Reference Trajectory (2/2)

Iris 1 Iris 2 OAP (F = 520 mm, Full Angle = 15 deg.)

M3 on
Rotation Stage

* Rotate M3 by 7.5 degree (15 degree is full angle of OAP)
» Mark the laser trajectory by Iris 3 and 4 i
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Step 2) Initial Tuning by Centering

Iris 1 Iris 2
\i \4
A A <
|
‘ Iris 3
b Iris4
Remove M3 and put the OAP
Check the center of OAP

Translate the stages in H/\/ direction.
— The center of laser beam hits on the center of OAP.

19
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Step 3) Initial Tuning of Offset and Pointing

OAP + 5 axes
Iris 1 Iris 2 ———

b . .q ..
A4 . o

However OAP is located at the offset position in - Shift Longitudinal L to compensate offset.
longitudinal direction with improper Yaw & Pitch * Adjust Yaw & H and Adjust Pitch & V to
angle like dotted blue line 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. 20

Close Iris 1 to make small beam

— With small laser beam diameter on the center of OAP,
OAP works as a flat mirror.
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Step 4) Check OAP Rotation
Iris 1 Iris 2

Y Y

A —

& H_4
OAP + 5 axes
A .
g Cane 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.

21
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Step 5) Coarse Adjustment of Focusing
Iris 1 Iris 2

Iris 3 OAP + 5 axes

« 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. 2
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Step 4) Check OAP Rotation

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

These images were obtained using an aspheric lens on CMOS camera.

Ny
gy
......
uy
[

View from the laser propagation
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Step 5) Coarse Adjustment of Focusing

at focal spot at -1 mm off-focal

at focal spot at -1 mm off-focal
spot

spot

Before Adjustment After Adjustment

 Set the camera position and the Camera gain to see the change of astigmatism clearly.

 |teratively Adjust Yaw & H and Pitch & V to keep the image on the camera center to get
symmetric ring pattern.
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Step 6) Fine Adjustment of Focusing

(@) (b (c) (o (e
@ L) U

Red dotted line is eye guide for you
Profile Change along with Laser Propagation Direction (after fine-tuning)

-400 um -200 um Oum 400 um 800 um
» . ®
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Output of CMOS Camera

» Mechanics and Automation of the assembly were designed to meet e

experimental requirements. o i
* The procedure of OAP alignment was established successfully with | 1

He:Ne laser on the optical table. N 1
And then. .. o T
 Post data analysis, the diameter of 50 mm He:Ne focusing profile was i A N A

11 um at FWHM AN S N NN

« Similar focusing profiles were later obtained with ®35 mm Nd:YAG by
OAP1 (F=520mm) and ®50 mm HPLS inside the vacuum chamber.

» Telescopic alignment of two OAPSs for signal collection

...leading to 100TW commissioning experiment

27



Acknowledgement

el

nuclear physics

EXTREME LIGHT INFRASTRUCTURE-NUCLEAR PHYSICS
LASER GAMMA EXPERIMENTS DEPARTMENT

Full Team

Yoshihide Nakamiya Liviu Neagu
Ovidiu Tesileanu Madalin Rosu

Jonathan Tamlyn Catalin Chiochiu

GAMMA DRIVEN EXPERIMENTS DEPARTMENT
Mihai Cuciuc

TECHNICAL DIVISION
Bogdan Tatulea, Daniel Popa

28




el

nuclear physics

Questions

29




