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Fig. 1. Schematic diagram of the experimental system for

single-photon detection.
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Fig. 2. Pulse response diagram.
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Fig. 3. Schematic diagram of the signal triggers and records

in time domain.

140703-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 14 (2021) 140703

2.2 MKID Rl ZF 03t FERME R AL 12

MEKID #0508 i b FESEBR bR — e [
5 A DG FE A o D08 A A (18190, 3¢ FEL AR A DC i
8 12 AT AL 2805 5 i o SR (S
5 Z AN EA OGRS i R A A O
e Z UMK 5 BOE 415 3

s =2 ), 1)
k=1

Forpr, s (OAURFERAFROB R s 8, n AR B
RIS REL, or (¢) 255 b YR HL KRR (E PR

Xt R GRS R REA T T 00T, i 4 B
N, ATRUR BAERARIR RS T, RGEHY SR F5 L
BT T FR A A OC pR R LB T iR
B IR BRI — W BRI RS, (3
AT X0 E 22 T BOF P15 B A B pR K0S
FLSLH DK AR A AR 1R 22 . Sl e M SR
PEATUE AL B, LI Wk i LR E ARk
:Titﬂ‘j [20]

A, AR bk s MR A DS T ) e D0 i LAV
V() AR BRI o B RS P ER AR 3, S (f) S
AR R R A RS S8, T T () S S 0 0 e A 2 Y
Mgt 7 T A . PRI AR RE RO b e S il G I
A Tk b ) e I R (AP K A PR 0 AR A S B

3
2 (a)
=} 2r
—
= 1
S o
1 . . .
0 2500 5000 7500 10000
Lags/ps
100
- (b)
<
10-20
%
[aW
1040 L
100 10! 102 103 10
Frequency/GHz

B4 Sl PRI AR e A (a) AR GRS (b) T3
WL J(f)
Fig. 4. Autocorrelation function (a) and power spectral

density(b) of detector noise measured experimentally.
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Fig. 5. Gaussian fitting results of pulse signal amplitudes
under optical attenuation of 17 dB (a) and 20 dB (b), re-

spectively, for the experimental noises.
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Table 1.  Energy resolution of detector under optical at-
tenuation of 17 dB and 20 dB.
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Fig. 6. Flow diagram of the signal processing.
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Table 2.  Comparison of detector energy resolutions after processing with measured noise and white noise model under op-

tical attenuation of 17 dB.
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tions after processing with measured noise and white

noise model under optical attenuation of 20 dB.
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Fig. 9. Autocorrelation function (a) and Power spectral

density (b) of the whitened noise.
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Fig. 10. Gaussian fitting results of pulse signal amplitudes under optical attenuation of 17 dB (a) and 20 dB (b), respectively, for

the whitened noises.
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Table 4. Comparison of energy resolutions for the experimental noises and the whitening ones, where the optical pulse is
attenuated 17 dB.
RE R F AEy/eV AE;/eV AFEy/eV AFE3/eV AEy4/eV AEFEs5/eV
SR 0.1015 0.3526 0.4360 0.4691 0.6140 —
MR Ak 0.1469 0.3274 0.4263 0.4897 0.5009 0.6216
/% ~44.73 +17.15 +2.22 -4.39 +18.42 —

Rtk AR A HZ i BRI s £ B R AR AR 2 — U e
EOPHEIIEAN L, Sl TR T MR R RO A A R AT
DEPRL, TBUETRHAERII A RE = AU A
% T P E LB P LS A G R BCE, B
SR FH AR B4 P M e R X g P e AT T O

£ 5 JEEEFEN 20 dB T SZIN KRS S (4L S
AL FRAS BN AR A8 RE 1 S PR LY
Table 5.

experimental noises and the whitening ones, where

Comparison of energy resolutions for the

the optical pulse is attenuated 20 dB.

e AEy/eV AE1/eV  AEy/eV  AEs/eV

ST 0.0955 03200 04199  0.4758 B BT e 0L, B T 2R RE /2 4 HE DG 5000
WEAEME 01932 0.2855  0.30649  0.4196 PEPERRAYIR T, S5 T M AR T AR X S
$em/% 10002 +10.78 4560  +11.81 MR EAT T FARALER ) X BCE 2R 1 8 I o S A

A, PR T SR R R R ACAH S S L. A
BE T Z i AR X 92 0 W 7 A AT i Ack B8 7 54 4 DE P P4
WP AR P I 75 58, MR A i P PR e DI D 18
B DR R DN 4% B9 SO T RE R P R S T

6 O 20 dB T LU I8 I R R R AR
RIS ERIN 25 A8 2 43 HEN [ (365 2 ot 5 AR T
SN b B TS B Y RE R MR B R T 43 L)

Table 6.
detector for the experimental noise, white noise and

Comparison of energy resolutions of the

withened noise, respectively. The improvemence is
relative to the those for the experimental noise. Here,
the optical pulse is attenuated 20 dB.

Re Rt AE;/eV AE>/eV AE3/eV

SR 0.3200 0.4199 0.4758
" 0.2650 0.3748 0.4032

g P 7

FERFEE 710%)  (+10.14%)  (+15.26%)

0.2855 0.39649 0.4196

l]l:l:l:‘

RREIE (1078%)  (+5.60%)  (+11.81%)

& @

FEXPRARIR ISR S MKID 55155 Wi [ fry I

17% 7ty BT BOE R BE R p R T 15% 72
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BT Z A RE 9 B DU 'G5 R 17 14 733
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FROEIE AR T IR R P (5 5 i AL B, o T
DB AL AR A $ DU LA e P A 5 DAy Al
f4, BT LG S I P i 1 AL AR BN T R A A DD
W5 PSSR R X 2 5 I 3. 72 LU A TAE:
T, A BEEE XTSI R R (— RO IR R
RAGIGHLA 27 > 19 T7 % A P A S 00 W s A B
AT BRI, BRI TR B, AT A 27
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Abstract

Noise is one of the main factors affecting the performance index of weak signal detection devices, and the
optimal filtering algorithm is an effective method to adaptively extract various useful weak signals from the
white noise background. In order to improve the performance of single photon detector (especially the photon
number resolution ability), one mainly focuses on the optimization of detector hardware such as the
optimization of photosensitive materials and the technology of device fabrication. However, in this paper the
performance of microwave kinetic Inductance detector (MKID) in the way of data processing is improved.
Considering the fact that the template of light pulse signal in the optimal filtering algorithm is obtained by
taking the average, we replace the noise model in the original optimal filtering algorithm with the white noise
model and the whitening noise model. Then we process the photon response data that are detected by the
MKID in an extremely low temperature environment. The results show that the energy resolution (one of the
main performance indexes of single photon detector) of MKID is improved by about 15%, and we achieve an
infrared single photon energy resolution of 0.26 eV. In this paper, the application and development trends of
superconducting single photon detector are briefed. Then, how the MKID responds to weak coherent optical
signal in low temperature environment, and the process of signal conversion, acquisition and output are
explained in detail. According to the optimal filtering algorithm, we use different noise models to analyze the
results of the signals detected by MKID. After that, we count the optimal amplitude multiple, perform the
Gaussian fitting analysis on the statistical graph, and compare the energy resolution with the photon number
resolution of the optimal filtering algorithm under different noise models. As a result, we find that under the
white noise model, the optimal filtering algorithm is used to obtain the best result for MKID processing, and

high energy resolution can be achieved.

Keywords: optimal filtering, microwave kinetic inductance detector, energy resolution, noise model
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