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Background

Erbium experiment

Laser cooling using 401nm spectral line

(Gadway lab, UIUC)



Issue

How to get the laser source with enough power at desired frequency?



Methods

1. Buy expensive laser source

2. Frequency doubling

3. Injection locking



Injection Locking



Injection Locking

Basic Apparatus

Master 

Laser

Slave 

Laser



Injection Locking

Master laser

Photodetector

Acoustic-optic 

Modulator

Beam

Sampler

Polarized

Beam 

Splitter

Erbium Cell

Laser

Digital Controller

Output



Injection Locking

Slave laser & Master laser
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Injection Locking

Mode Matching & Wavelength Overlapping

Multi-mode Single-modeCan-style laser diode 

(Newport.com, 2017)



Injection Locking

Mode Matching & Wavelength Overlapping

Multi-mode laser diode Single-mode laser diode



Results

Efficiency

1. For multi-mode, get ~80mW with ~7mW injected

2. For single-mode, get ~106mW with ~1.6mW injected



Results

Wavelength & Frequency Spectrum (single-mode)
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Results

Beam Profile Change

Without injected beam With injected beam



Results

Discrete Change

I=300.2mA I=332.7mAI=323mAI=308.2mA

T=30 𝑜𝐶



Future Work

Improvement of the project

1. Stabilization of the signal

2. Transferring of the laser beam

Beam profile of the single-mode 

laser after injection-locked



Future Work

Cooling and Trapping of Erbium Atoms:

Optical Molasses & Zeeman Slower

Magneto-Optical Trap



Why Erbium?

1. Abundant bosonic and fermionic isotopes

2. Large magnetic moment
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