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Fig. 1. (a) Schematic diagram of type I non-collinear parametric down conversion; (b) cross section spectrum

simulation diagram of parametric down conversion.
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Fig. 2. Diagram of the non-collinear phase matching
condition. «, B are non-collinear angle of signal pho-

ton and idler photon in the crystal.
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Fig. 3. Sketch map of the correlated photon emission
angle. «, B are non-collinear angle of signal photon
and idler photon in the crystal; 65(\), 6;(\) are emis-

sion angle of signal photon and idler photon.
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Fig. 4. Distribution map of the correlated photon

emission angle at different wavelength.
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Fig. 5. Zemax design diagram of the optical system.

355 nm
St JE\,

— j —— ] [ [
Z#E  BBO
EE AWk

K6 dmizufimuis &

Fig. 6. Beam path diagram of the pump light transmission.
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Fig. 7. Distribution curve of different wavelength cor-

related photon rings on the reflector.
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Table 1. Aperture size table of pump light and corre-

lated photon rings on the reflector.

H/nm HFHMAE Ray z/mm Ray y/mm Bore
/mm
355 0 1.14 1.61 1.62
472 8.02 2.96 4.18 4.18
573 8.64 3.47 4.91 4.91
603 8.83 3.56 5.03 5.03
686 9.66 3.93 5.56 5.56
734 10.34 4.23 5.99 5.99
862 12.67 5.22 7.4 7.4
932 14.13 5.75 8.14 8.14
1429 25 5.9 8.33 8.41
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Fig. 8. Light path receiving correlated photon ring.
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Fig. 9. (color online) Design sketch of light path re-

ceiving correlated photon ring.
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Fig. 10. (color online) Correlated photon ring size at
the end of light path: (a) Spectrum channel 1 680-690
nm; (b) spectrum channel 2 705-745 nm.
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Fig. 11. Light path diagram shooting wide spectrum correlated photon ring.

K12 (a) MIZOGTIRIE; (b) Bt 45° J5
Fig. 12. (a) Correlated photon ring; (b) rotating the half-wave plate 45°.

(a) 430 nm/10 nm

C

(b) 550 nm/10 nm (c) 685 nm/10 nm
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Fig. 13. 430-860 nm correlated photon rings.

194211-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 19 (2016) 194211
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355 nm & Sz e 8 ik 0 P K O 355 nm
()7 IR, PEBRIEOLAS S Aot E, i
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PR IEIE 1 PMT G A A4 H 5 iz e bl
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18 IAE A, 0k TR NS S 6w ik 77
). PMT1, PMT2 i 43 ) 550 E 71 38 380y AeT
N A5 B Rvivk =/ ) i 7 B2 oy A o = A
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RSN =0 N Ry N LI EA S R

TS W
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HHE I
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Fig. 14. Experimental system of measuring 685 nm, 736.89 nm correlated photon rings time-dependent characteristic.
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15 (a) 685 nm J@E PMT JEIHALGHE; (b) 725 nm
I PMT JGHIH AL GBE

Fig. 15. (a) 685 nm focal spot on the sensitivity sur-
face of PMT; (b) 725 nm focal spot on the sensitivity
surface of PMT.
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Table 2. The data of coincidence measurement.
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Abstract

The optical radiometric calibration method based on correlated photons generated by spontaneous parametric
down-conversion (SPDC) is a promising method, because it is based on the basic physical phenomena and does not need
radiometric traceability. At the present, the SPDC calibration technology is applicable for the photon-counting detector
with a highest calibration accuracy of 0.18%. More and more researchers are making effort to improve its calibration
accuracy and expand its applicable targets to analog detectors. Correlated photon circles have the high photon rate
characteristic. The photon rates of signal and idle light can be improved significantly by using correlated photon circles
in calibration. It has very important significance to study the time-correlation characteristic of correlated photon circles.
In this paper, the spatial distribution of emission angle of the broadband (450-1000 nm) correlated photons generated by
type-I spontaneous parametric down-conversion is presented through the theoretical calculations. The ZEMAX® optical
software is used to design the optical system which can receive the broadband correlated photon circles and remove the
pump laser which is the main source of stray light. The 355 nm wavelength laser is used to pump S-barium borate (BBO)
crystal to generate the broadband correlated photon circles. A low-light-level CMOS camera is used to adjust and align
the opt-mechanical system. Finally, the 430 nm-860 nm correlated photon circles are received by the optical system
and detected by the low-light-level CMOS camera. An experimental measurement system is established to measure the
time-correlation characteristics of 685 nm and 736.89 nm correlated photon circles. Using 1.0 mW continuous-wave laser
to pump BBO crystal, a coincidence peak is observed evidently. The results show that the correlated photon circles
generated by type-I SPDC have the characteristics of time-correlation and high photon rates. It can be conductive to
improving optical radiometric calibration accuracy based on correlated photons and promoting the development and

application in analog detector calibration.

Keywords: correlated circle, broad spectral band, the characteristic of time-correlation, optical design
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