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Introduction

« Sensitivity of LIGO

H1 DARM noise budget - December 10, 2023 20:41:02 UTC
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Future L1IGO Upgrades
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Motivation

« Low Quantum Efficiency of Photo detectors at 2 micron

- |Indirect Detection of 2 um. Quantum Noise for Upgraded LIGO (100kg, 2pm)

Un-squeezed Noise
== Squeezed, n = 100%
== Squeezed, n = 90%
== Squeezed, n = 80%
= = Squeezed, n = 70%

Squeezed, n = 60%

Squeezed, n = 50%

« Using Sum Frequency Generation
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Sum Frequency Generation

In conventional Optics: Polarization depends linearly on Electric field. }5(;) = €pX (D) E(z)

Non-linear materials: Higher order dependence are considerable.
P)=e[xVE®)+ xPE*t) + xPE3@t) +---]

The quantities x® and x® are known as the second- and third-order non-
linear optical susceptibilities, respectively.

Second Harmonic Generation.

Difference frequency Generation.

Sum frequency generation.



Sum Frequency Generation
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Sum Freqguency Generation
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 Low Quantum Efficiency of Photo detectors at 2 micron

* Indirect Detection of 2 um.

« Setting up Sum Frequency Generation.
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Bowtie Cavity Setup

Transmission Photo detector Reflection Photo detector

. Plane Mirror
Plane Mirror Input coupler

N

N

1064 nm

Infrared Camera

700 nm Up conversion

2 Micron
LASER
20 mm x 10 mm x 0.5mm _
Periodically poled Signal

Curved Mirror 1

Curved Mirror 2

Lithium Niobate

Mirror Type | Radius of Curvature [m] | Transmission (T) | Reflection (R)
Input Coupler Flat 00 0.003 0.997
Plane Mirror Flat 00 0.001 0.999
Curved Mirror 1 | Curved 0.2 0.001 0.999
Curved Mirror 2 | Curved 0.2 0.001 0.999 9




Bowtie Cavity Setup
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Gaussian beam propagation

* Beam complex “q” parameters z—20\ Tws
} —_ ]_ . z =
w(z) = wy + - , 2R h
» Measuring the Beam Profile
« Fitting the data and obtaining ¢ parameters. wp is the beam waist(minimum width)

Beam profile
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Gaussian beam propagation

« ABCD Matrices

= (2—2) +iZ
Matrices to mode! propagation q(z) = (2 — 20) + iZR

Paraxial assumption 1 d
Free space (0 1)

1 0
Thin lens _% 1

Thin lenses assumption
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Cavity Eigen mode

Bowtie Cavity Eigenmode with Optical Elements
* Pump-resonant (1064 nm)
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Mode matching

To summarize:

Optimized Two-Lens Mode Matching Solution
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Mode matching

Beam Profile around Input Coupler of Cavity
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Cavity flashing

 Higher order modes of light TEMoo TEMy,
 Cavity flashing 3 0y 30
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Measurements for the Bowtie Cavity

 Cavity flashing

* Transmission Signal

» Measuring mode matching efficiency ~60%
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o VigM,, 18 the peak voltage corresponding to the fundamental mode,

e Vioum are the peak voltages of the higher-order modes (HOMs),



Future plans:

 Characterizing the Cavity.
« Pound-Drever-Hall Locking the cavity
« Two mode squeezing from the bowtie cavity ?
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