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Introduction

• Levitated objects in everyday life   

• Trap optically-levitated micro-objects in vacuum 

• Field Programmable Gate Arrays (FPGAs) 

• Real-time quantum control to slow the spheres
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~300 m

~100 nm



Motivation

• Search for physics beyond the SM 

• Developing better sensors — reduction of noise + better stability 

• Test fundamental laws at micro-scales 

• Test Q.M. for macroscopic particles 

• Astrophysical experiments: seek for DM + grav. waves @ high freq. 
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Red Pitaya (RP)
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Luda, Marcelo. “The Red Pitaya Board.” Marceluda, marceluda.github.io/rp_lock-in_pid/TheApp/RedPitaya_board/.

FPGA: 
reprogrammable, 
parallel processing, 
logic blocks, etc



Cold-damping feedback

• Monitor COM motion using backscattered light from trapped particle 

• RP takes signal in  

• calculates feedback force 

• outputs voltage —> pushes the sphere
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Past research reached ~100μK in vacuum (Tebbenjohanns et al. 2018) 
Experimental Design



Experimental Setup
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configuration, memory, etc

connects software to FPGA

Analog-to-Digital Converter

Shifts + Scales Data
Change from last sample

Digital-to-Analog Converter
Timing Clock



FPGA Signal Processing Logic
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FPGA —> Linux

• Python program using /dev/mem 

• User sets scaling + shift 

• AXI GPIO allows software to control hardware signals  

• Linux —> TCP Server on Red Pitaya
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Terminal

Python GUI



Oscilloscope
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Future Steps

• Full-feedback Loop 

• RP as a proportional-integral-derivative (PID controller) 

• Continuous-time derivative approx. (reduce noise) 

• Kalman Filter 

• combines measurement record w/ system dynamics 
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