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Motivation

• Quantum Imaging with Undetected 
Photons (QIUP)

• Spontaneous parametric down-
conversion (SPDC)
• Pump photon gets converted into signal-

idler photon pair
• Induced coherence without induced 

emission

• Imaging only signal photons which 
never interacted with the object 
directly

G. B. Lemos, V. Borish, G. D. Cole, S. Ramelow, R. Lapkiewicz, and A. Zeilinger, “Quantum imaging with 
undetected photons.,” Nature, vol. 512, no. 7515, pp. 409–412, Aug. 2014, doi: 10.1038/nature13586



Motivation

• 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.



Silver-Gallium-Sulfide (AGS)

• Low absorption coefficient from 5 μm
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.



Silver-Gallium-Sulfide (AGS)

• Phase matching condition

Energy conservation Momentum conservation
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Silver-Gallium-Sulfide (AGS)

• Pump laser at 660 nm

• Phase matching condition
• Phase matching angle

• Frequency angular spectrum

• Nonlinear coefficient for type I 
conversion

𝑑𝑒𝑜𝑜 = −𝑑36 sin 𝜃 sin 2𝜑

• AGS (polar angle 𝜃 = 70°, azimuth 
angle 𝜑 = 45°, length 1 mm, face 
dimensions 5 mm*5 mm)



Realization of the mid infrared photon pair 
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)



Realization of the mid infrared photon pair 
source in AGS
• Brightness, Photon count and state of polarization



Realization of the mid infrared photon pair 
source in AGS
• Spectral characterization



Realization of the mid infrared photon pair 
source in AGS
• Signal beam radius and 

photon count

• Brightness

2.92 ± 0.11 ∗ 104
𝑘𝐻𝑧

𝑚𝑊



Future work

• Building the Quantum 
Interferometer with the AGS crystal

• Momentum correlation (far-field)

• Resolution

𝛥 =
𝑓3𝑓1
𝑓2

𝜆𝑖

2𝜋𝑤𝑝

𝑓1 = 50 𝑚𝑚, 𝑓2 = 300 𝑚𝑚,
𝑓3 = 25.4 𝑚𝑚
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