
Quantum interferometry
with undetected photons in

mid-infrared spectrum
19th Photonics Workshop, March 2026

Filip Krajinić1, 2, Ivan Firez1, Ana Kiković1, Dupish Dupish3,

Marija Ćurčić2, Marina Lekić2, and Branislav Jelenković2

(1) University of Belgrade, School of Electrical Engineering, Bulevar kralja Aleksandra 73, 11120, Belgrade, Serbia

(2) University of Belgrade, Institute of Physics Belgrade, Pregrevica 118, 11080, Belgrade, Serbia

(3) Institue of Applied Physics, Albert Einstein Str. 6, 07745, Jena, Germany

HORIZON-WIDERA-2021-ACCESS-03-01 – Twinning
Grant agreement No 101079355



Outline

• Introduction
• Mid-infrared spectrum

• Spontaneous parametric down-conversion

• Tunable mid-infrared photon source in AgGaS2

• Experimental setup and results

• Quantum interferometry in mid-infrared
• Future work in imaging

• Application in spectroscopy



Mid-infrared spectrum

• Importance of the Mid Infrared 
spectral range for imaging
• Absorption bands for many molecules, 

functional groups
• Fingerprint region

• Suitable medium for photon 
generation in the fingerprint region?
• Potassium-titanyl-phosphate (KTP) and 

Lithium-niobate (LN) have low 
transparency above 5 μm 

G. Bellisola and C. Sorio, “Infrared spectroscopy and microscopy in cancer 
research and diagnosis.,” Am. J. Cancer Res., vol. 2, no. 1, pp. 1–21, 2012.



Mid-infrared spectrum

• Silver-Gallium-Sulfide (AGS)

• Low absorption coefficient from 
500 nm to 12.5 μm

• SPDC in type I-configuration
𝑝𝑒 → 𝑠𝑜 + 𝑖𝑜

• Nonlinear coefficient for type I 
conversion

𝑑𝑒𝑜𝑜 = −𝑑36 sin 𝜃 sin 2𝜑

G. Boyd, H. Kasper, and J. McFee, “Linear and nonlinear optical properties of AgGaS2, CuGaS2, and 
CuInS2, and theory of the wedge technique for the measurement of nonlinear coefficients,” IEEE J. 
Quantum Electron., vol. 7, no. 12, pp. 563–573, 1971, doi: 10.1109/JQE.1971.1076588.



Photon pair source

• Spontaneous parametric down-conversion (SPDC) 
in the nonlinear medium
• Spatial, spectral and polarization correlation

• Phase matching condition

Energy conservation Momentum conservation
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MIR photon source in AGS

• Experimental setup
• Pump laser - Hübner Photonics, Cobolt

Flamenco  (wavelength 660 nm, optical 
power 30 mW – 300 mW)

• Camera - Tucsen, Dhyana 400BSI V3 / 
Spectrometer - Avantes, AvaSpec-
ULS2048XL-EVO (exposure time 0.5 s –
1 s)

• Filters
• Notch filter 657 nm

• Longpass filter 685 nm

• Bandpass filter 730 nm (FWHM 10 nm)



MIR photon source in AGS

• Spectral characterization
• Phase matching angle

• Idler 5.66 𝜇𝑚 to 10.88 𝜇𝑚

• Signal 747.1 nm to 702.6 nm

• Signal/idler spectrum
• FWHM 54.192 ± 2.603 𝑐𝑚−1



MIR photon source in AGS

• Signal’s frequency-angular spectrum



MIR photon source in AGS

• Signal beam radius and 
photon count

• Brightness

29.2 ± 1.1
𝑀𝐻𝑧

𝑚𝑊



Quantum interferometry in mid-infrared

• Quantum imaging with the AGS

• Induced coherence without 
induced emission

• Momentum correlation (far-field)

• Resolution

𝛥 =
𝑓3𝑓1
𝑓2

𝜆𝑖

2𝜋𝑤𝑝

𝑓1 = 50 𝑚𝑚, 𝑓2 = 200 𝑚𝑚,
𝑓3 = 25.4 𝑚𝑚



Quantum interferometry in mid-infrared

• Quantum Fourier Transform Infrared 
Spectroscopy (qFTIR)
• Moving gold mirror (𝛥z = 500 nm) induces 

phase shift for idler photons

• Total scanning length (W = 800 𝜇𝑚)

• Spectral resolution

𝛥k =
1

𝑊
= 12.5 𝑐𝑚−1

• Coherence length

𝐿𝑐 =
1

𝐹𝑊𝐻𝑀 [𝑐𝑚−1]
= 184.09 𝜇𝑚



Quantum interferometry in mid-infrared

• Interferogram obtained 
from signal photons • FTIR spectrum of idler photons

𝐹𝑇



Conclusion

• Tunable MIR SPDC photon source in AGS was demonstrated
• Idler 5.66 𝜇𝑚 to 10.88 𝜇𝑚

• Quantum interferometer in MIR was realized
• Application in qFTIR spectroscopy

• Future work
• Measuring MIR spectra for different samples

• Upgrading the interferometer for quantum imaging in MIR
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