
Expertise in Custom Microscope Objectives 
• Design and Fabrication: Special Optics Inc. specializes in

designing and fabricating custom microscope objectives that 
meet the specific needs of researchers working with different 
atomic species. This includes optimizing the optical 
properties to enhance performance at the specific 
wavelengths used for laser cooling and trapping.

• Wavelength Optimization: Different atomic species absorb
and scatter light at specific wavelengths. Our expertise allows 
us to design optics that maximize efficiency for lasers used 
with Rubidium, Strontium, Barium, and Ytterbium, ensuring 
effective atom trapping and manipulation.

• High Numerical Aperture (NA): Custom objectives with high
NA are critical for achieving the tight focus needed to trap

atoms in optical lattices or tweezers. Special Optics Inc. can 
provide objectives that deliver high resolution and excellent 
light collection efficiency.

• Minimizing Aberrations: Our optical designs aim to
minimize aberrations that could affect the trapping and
imaging of cold atoms. High-quality optics ensure that the
laser beams remain focused and coherent, which is essential
for maintaining the quantum state of trapped atoms.

• Integration with Experimental Setups: Our experience
includes collaborating with researchers to integrate custom 
optics into complex experimental setups, ensuring
compatibility with existing equipment like vacuum systems
and laser configurations.

We bring extensive experience and expertise in advancing quantum computing and atom 
trapping research by developing custom microscope objectives specifically designed for 
a range of atomic species, including Rubidium, Strontium, Barium, and Ytterbium.

Versatile High NA Microscope Objective 
Lenses for Cold Atom Experiments



Advantages of Custom Microscope Objectives 
• Enhanced Resolution: Custom objectives can provide

higher spatial resolution, allowing for better imaging of
atomic distributions and dynamics in optical traps. This
is essential for examining quantum correlations and
entanglement.

• Tailored Light Fields: Custom optics can create specific
light patterns (e.g., optical tweezers or lattices) that can trap
and manipulate atoms with high precision. This can enable
advanced techniques like quantum state engineering.

• In-situ Measurements: Advanced objectives can facilitate
real-time monitoring of cold atoms, enabling the study of
dynamical processes and phase transitions in quantum
systems.

• Integration with Quantum Computing: In quantum
computing, cold atoms can be used as qubits. Custom
microscope objectives can help in manipulating these qubits
through precise laser pulses, allowing for the implementation
of quantum gates and algorithms.

• Tailored Solutions Based on Atom Species: Choose
your wavelength based on your atom. Objective wave
lengths can be tailored to support Rubidium, Strontium,
Barium and Ytterbium experiments

• Quantum Imaging: High-quality imaging systems can
enhance the ability to visualize quantum states and their
evolution, providing insights that are crucial for both
fundamental research and practical quantum computing
applications.

Key Aspects of Cold Atom Experiments 
• Cooling Techniques: Atoms are typically cooled using laser

cooling methods, such as Doppler cooling and evaporative
cooling. These techniques help achieve temperatures in the
microkelvin range, leading to the formation of Bose-Einstein
condensates or Fermi gases.

• Trapping Methods: Optical traps (using laser light) or
magnetic traps are often employed to confine the cold
atoms. This spatial confinement is crucial for studying
interactions and coherence properties of quantum states.

• Measurement and Manipulation: Understanding and
manipulating the quantum states of atoms requires
precise measurement techniques. This is where custom
microscope objectives come into play.



Numerical 
Aperture

Field of 
View (mm) Model Design Wavelength Working 

Distance Housing Customer

0.65 1.5 mm 57–14–11 780–860 nm 16.5mm Titanium MIT/Harvard

0.65 0.4 mm 54–5.5–4 780 & 810 nm 14mm Titanium NDA

0.7 0.1 mm 57–33–23 780–1064 nm 10.5mm Ultem Harvard

0.6 0.5 mm 57–24–20 369, 399, 460, 486, 532, 556, 760 nm 23.5mm Ultem Harvard

0.57 0.3 mm 57–12–10.5 780–850 nm 7mm Stainless Steel

0.65 0.1 mm 57–31–24 461, 497, 515–520, 67, 679, 689, 698, 707 & 813 nm 14mm Macor

0.5 1.5 mm 57–10–10 780–1066 nm 13.5mm Ultem Quantum Science Center

0.6 0.2 mm 57–25–19.5  359 & 532 nm 25.5mm Aluminum Korea U

0.5 0.42 mm 57–54.6–45.5 399, 556, 633, 759 nm 25.6mm Ultem Beijing Light-Quantum 
Technology Co

0.44 0.2 mm 57–25.4–30 401, 486 & 583 nm 58mm Ultem U Innsbruck

0.5 3 mm 57–16–16 852 & 935 nm 23mm Ultem Waseda U

0.7 0.1 mm 57–28–20 532–780 nm 13mm Aluminum KAIST

0.6 0.2 mm 57–40–33.5 532, 671 & 1064 nm 16mm Ultem Peking U

0.9 0.075 mm 57–25.2–14 400 & 421 nm 10mm Macor Universität Stuttgart

0.7 0.25 mm 57–26.6–19 532, 750, 767, 780 & 805 nm 10mm Ultem ETH, Institute for Quantum 
Electronics

0.6 0.1 mm 57–18.5–15 420, 460, 480, 670, 780, 795, 813, 852, 894 & 1015 nm 14mm Ultem Max-Planck-Institut für 
Quantenoptik

0.6 0.2 mm 57–6–5 459, 830, 852, 915, 1039, 1064 & 632.8 nm 15mm Ultem Academia Sinica

0.6 0.2 mm 57–36–30 317, 461, 515, 698 & 813 nm 15.5mm
Ultem 
*3mm holes on-axis 
through all elements

University of Cambridge

0.65 0.3 mm 57–10–7.7 420, 460, 780–910, 1013 & 1060 nm Ultem University of Chicago

0.8 0.1 mm 57-29-18 400–800 nm 10mm Stainless Steel Memorial Sloan-Kettering 
Cancer Center

0.65 0.1 mm 57-31.2-24 323 & 401 nm 1.5mm Macor Fraunhofer IOF
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sales.specialoptics@ametek.com | 973-366-7289

Learn more about our microscope objective lenses and 
custom design capabilities at navitar.com/specialoptics

Applications in Quantum Computing
• Quantum Gates and Circuits: In quantum computing, cold

atoms can serve as qubits. Custom microscope objectives
enable precise control over the quantum states, allowing
researchers to implement quantum gates effectively.

• Entanglement and Coherence Studies: By providing
high-resolution imaging and manipulation capabilities,
these optics support experiments that investigate quantum
entanglement and coherence properties, critical for
developing reliable quantum algorithms.

• Scalability of Qubit Systems: As quantum computing aims
to scale up the number of qubits, having flexible, high-
performance optics is essential for accommodating larger
arrays of trapped atoms and complex quantum circuits.

• Hybrid Quantum Systems: The ability to create custom
optics that work seamlessly with other quantum systems
(e.g., superconducting qubits) allows for innovative hybrid
approaches in quantum computing, enhancing the
robustness and functionality of the qubits.

Specific Support for Different Atomic Species
• Rubidium: Often used in laser cooling experiments;

objectives are designed for optimal absorption and
manipulation using the D-line transitions.

• Strontium and Barium: Their unique transition
characteristics necessitate specialized optics for precision
laser cooling and trapping techniques.

• Ytterbium: As a promising candidate for quantum
computing due to its long coherence times, custom optics
are essential for effectively manipulating its atomic states in
various quantum applications.

Future Directions
• Scalability: Developing optical setups that can easily scale

to more atoms or more complex arrangements will be key
for future quantum computing architectures.

• Hybrid Systems: Combining cold atoms with other
quantum systems (like superconducting qubits) could lead
to hybrid quantum computers that leverage the strengths of
different platforms.

• Advanced Control Techniques: The integration of machine
learning and adaptive optics could further refine the
manipulation of cold atoms, enhancing the precision of
quantum operations.

Conclusion
Special Optics plays a crucial role in advancing quantum 
computing and atom trapping research through our custom 
microscope objectives. Our ability to tailor optics for specific 
atomic species and experimental needs enables researchers 
to explore new frontiers in quantum technology and 
contributes significantly to the development of scalable 
quantum computing systems.  In summary, the intersection 
of cold atom experiments and custom microscope objectives 
presents a rich area of research with the potential to advance 
our understanding of quantum mechanics and propel the 
development of robust quantum computing systems.


