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Image from : The real-time distributed control of the
Virgo Interferometric Detector of Gravitational Waves
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Image from : Mehmet, M.; Vahlbruch, H. The Squeezed Light Source for the
Advanced Virgo Detector in the Observation Run O3. Galaxies
2020, 8, 79. https://doi.org/10.3390/galaxies8040079
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Image from : Mehmet, M.; Vahlbruch, H. The Squeezed Light Source for the
Advanced Virgo Detector in the Observation Run 03. Galaxies
2020, 8, 79. https://doi.org/10.3390/galaxies8040079



ETMO8 Coated, Sl 160mm diameter

Image from : Gianpietro Cagnoli,; Advanced optical coatings for the discovery of gravitational waves
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X: Zy = ]44128 W = 62.3
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Light Amplilication by Stimulated Emission of Radiation
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N IS-I M1064:£10-30-D400/22-G3-APK

G-Series High Power Laser Diode Module

Features 4 High output power of 30 W
‘ € 400pm/0.22NA multimode optical fiber
4 Center wavelength 1064+10nm
Applications 4 Medical Application
Package Dimensions (mm)
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Pin-Out Assignment ;
Function Pin Function
LD(+) 9 Fiber Connector Detector LED (-)  — by
o Fiber Connector Detector LED (+) ==t
PD (N) = ]
{ I 1
- " PD (P) ~ 4] {
LD (4 12 PD (N) i % Y
= 13 4
- 14 PD (P)
Aiming Beam (+5V) * 15 Thermistor

Aiming Beam (0) 16 Thermistor
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Output Coupler, 98%

High Reflective, 99.9%
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Cavity type : V-shaped
Gain Medium : Yb(1.5%):KGW 2x2, 5 mm thick N,-cut, AR Coated (980-1040), water cooled

Dichroic mirror A.R(~980 left) , H.R(1010-1040 right)

Output Coupler, R = 10%

Radius of Curvature = 300mm
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W Mode Cleaner

- Mode cleaning







"M Laser Cavity

High Reflective, 99.9% Output Coupler, 98%
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W Longitudinal Modes

High Reflective, 99.9%
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Output Coupler, 98%
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/I Total length=0.5m
| Laser A= 1064 nm
I/ /l Repetition ~5,000,000

S
o
-

A E
X X X




"M Transverse Modes

High Reflective, 99.9%
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"M Misalignment

High Reflective, 99.9% Output Coupler, 98%
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- Mode cleaning
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Q-switching : Charge up the gain, then suddenly /]

use up the energy. lopt.ca.
power
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Mode-locking : Fix multiple modes’ phase in time. The final electric field
of overlapped modes forms in a pulse.
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Any beam of the greatest net gain
dominates all other beams and oscillate.



SESAM

SEmiconductor Saturable Absorber Mirror
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* Astructure of integrated Bragg-reflector,
which contains a saturable absorber layer
in it, on a semiconductor substrate.

* It has diverging reflectance by cavity power.

* Bragg mirrors have large bandgap that
makes no absorption occur.

* Position of the absorber layer determines
the modulation depth and saturation fluence.
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Incoming weak beam experiences more loss than intense beam.



Pulsed Laser

Modulating .
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Net gain of oscillating pulse is higher than the CW beam.
It is more beneficial to oscillate in pulse form than CW form!
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GTI Mirror is a sort of Fabry-Perot interferometer cavity.

It can provide chromatic dispersion. So negative

dispersions

can be served inside the cavity.

(o]

4
—

v
S

o

R=10% R=100%

\ 100%

100
99.9
99.8
99.7
99.6

R [%]
99.5

99.4 4

99.3 4

99.24

99.1 4

99.0

-100
-200

Phi"-300

[fsec?] b
-400 —
-500+

-600 —

-700+

-800 ; .

T
830 880 930 280 1020 1080

1130

1180

1000 1010 1020

T T T T T
1030 1040 1050 1060 1070 1080

Wavelength [nm]



31
=

Parabolic Mirror

—
=

M2

| Yb:KGW

AD



Intensity (a.u.)

Central wavelength 1027 nm

FWHM 6.35/ nm
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Average output power 7.14 W
Threshold power (Pump) 4.56 W
Cavity length 242 m
Repetition rate 62.7 MHz
Energy per pulse 113 nJ

Pulse width (FWHM) 170 fs
Wavelength bandwidth
(FWHM) 6.35 nm
Central wavelength 1027 nm
Slope efficiency

32.5%



