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Photoelectric Detection Efficiency Calibration of Double Channel
Self-Calibration Radiation Reference Source
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Abstract Based on new calibration technique of photon correlation, a prototype of self-calibration radiation
reference source (SRRS) is designed. This prototype combines the self-calibration and observation target function.
The precision of observation for target can be guaranteed by accurate measurement of detection efficiency in
observation channel. A two-channel self-calibration spectral radiation prototype is established, and the photoelectric
detection efficiency of observation channel is measured through the principle of correlated photon calibration. The
measurement uncertainty of 0. 35% for detection efficiency is obtained. SRRS can realize self-calibration for
photoelectric detection efficiency of observation channel. Transmittance changes of any optical element in the
observation channel don't affect the measurement accuracy of radiance of the objectives. An attenuator is inserted
into the observation channel to simulate the sight path photoelectric detection efficiency changes, so as to verify the
sensitivity of calibration spectra from the radiation source on the decay of the observation channel. By measuring the
photo count or coincidence count before and after inserting the photon attenuation, the actual transmittance of

20.12% of the attenuator is calculated, and it is in accordance with the change rate (20.11%) of the photoelectric

Wi B HA: 2016-04-20; Y EIMESR B HA: 2016-06-14

HEE&WHE: BEARRBEES(11204318,1275173) (K 863 K1 (2015AA123702)

EBR A mAPIQ990—), J W58 AR . 22 0w B Ol 5 8 R R S 8 B B R 5 TR AR
E-mail: dyanggao@163.com

SR /L A969—) 5 M W5 0L, B mOoR EOG A AR ST O A AT
E-mail: xbzheng@aiofm.ac.cnGE {5 B & A

1130001-1



ot % % i1

detection efficiency for observation channel before and after inserting the attenuator. The relative deviation between
the two is less than 0. 049%. Experimental results show that the radiation spectrum from the self-calibration
mechanism can accurately monitor the decay of observation channel photoelectric detection efficiency. Rationality
and feasibility of the SRRS design are preliminarily verified, which provides the technical basis for subsequent multi-
channel self-calibration spectral radiation prototype development and calibration of radiation.

Key words spectroscopy; self-calibration radiation reference source; photoelectric detection efficiency; correlated
photon; uncertainty

OCIS codes 260.2510; 300.6170; 040.1490; 300.6280; 300.6420

1 B B

L FE 55 77 v 5 b T2 5 A T3 R 306 ~ 7 6107 A 55 07 o TR0 AR 5 9 75 D0 T 4 )
S T L )50 A ) 0 (VR A PR T R RS B PO R L 9 — 7 T A AT AR O
B TS A 316 5 2 L o 3 08 16 258 ) 7 0 00 U AT 9 065 32 5 6 it R R 4 26 f) — T3

T = AF K B T 3 T 1 3 5 b TR AL FTF 9 4 B 15 2 10 5 M 0000 9 246 5604 2 4R 08 T — b oAy
TS TR FEBR T 25 3 00 AP BE 2 o 000 L ol A 5600 T X B0 £ R T R b e A 7 7E— A
AE 1T 6 0 M 405 T L 8 B F B b B0 ) e 5 B T A B L b o S R T A ol
KB K T DR R A O DK S AT VR B R G 7E 202 1/209792458 s 9 i I 1] BEE P9 7 47 32
BRI K ) L T TE 5 1905 22— B 28 ik — 2R 91 B 4 0 L B 1 K g R JE A7 L

FITIT % 2 1 5 O B 1T L 28 78 4 3 T 4 560 T 10 2 A B AR 10 85 K5 A0 TR 17 3 5 8 L A 560 T
B R S B 2 8 7E 8 B R A L 2007 47 25 [ [ 5¢ b 15 4 AR R 9 e BF 9 72 W1 A 6 0% T O W5 AR f 2 T
LR T 1.8% , 55 f6 5007 o bRt A Lo 22 SN T 1.4 %170 L SR TTHS 5 K5 B2 0104 560 T b R TR AL A 5
LRITT R ZARE L P R 5 22 RO S K B HUBBIT 5 BT 0 /8 52 400590 IR 5 7 B0 4 T A2 10 7 o 4 0
W TSR TR A5 3 L L B K0 1 O 5 K P A R R SR TR HI R R O A
P B b B i — B T A 6 T 11 1 R v S 5 (SRRS) J7 8 L 1% 77 e L b b 38 1 11 3 A0
b L BE S TE AR IR T AN LM O 4 PR F . 52 B0 X 0 S 0L 0 o EL LU0 45 5 15 400 58 7 T3 . SRRS #  kf
P T AR BT 5 B P 02 456 T P 1O 65 7 55 3 A0 A

A SCLE SRRS T F HYT5 5 F o A0 20 9645 6 T U0 8 J5 BIRE HL I 1145 1 B 60 5 A s 8, BP9 42 T
ST 1 5B B AR SR REHIL A 11 R MO 4 00 2030 I I S W B L 34 M 56 6 T 4 X 5 5 1 3
il b B e — R R B R B O ST T S AR 7 L SRR S SR A B T e G Y B 3
F 2 B L T Y B S b 1 T AT A

2 e

(1 % 2 BT 54077 2 B AT XGE T0 76 ik T I622 k 451 30 3 1 5 7 B T 00 28 kT 2 R 4 0k o A 7
A 2 T A 8T R AN 1R L FUrR SPD SR TR B DUT 5 MM 3% s N il it 1 8. F
B 1.2.c P BIREE 1.2 DURAFG M N, [R5 [ & 50 TR 4 1 T4

S04 i 5308 T A ) — A T B L 7 S A UL 2 PR B — A~ 5 2 M6 T, (BB 3 B 5 N <, B

tri -SPD1
correlated rigger

photon pairs

pump beam

loss
element pDUT-SPD2

BT MO T E R

Fig. 1 Experiment setup of correlated photo calibration

1130001-2



ot % % i1

JEF R 2R 2 FRORA g 15 A OE 6 F BOR A <IN =, 25 18 B3R I 45 14 165 15001 23 18] 56 3 35 7ok 51 i
AITHE Ny IR 2 i 3d 8 DU'T 5 38 LA K A6 D i i i 71180 N AT 3RoR R

Ny =mn7t; <N;>+ Ny,

Ny =57, <N >+ Ny,

N.=ngtipt: <N, >+ N... @)

R N ESME AR,
MO ATTEAE . DUT 38 18 BO6 R IRICR g0, W] IR R
N.—N.
N2T2 :mo (2)
[l Fif SR (1) ‘(2>4C_ILJ%HJ. -DUT 38 A R DG AR AL T IF & R T al Ll 2 50 7 BeR e &

THRCROR AT . 3k A T5 i 53 5824 30nT Ly Bl 3R

N7 — N
T _NO NOA ]
b2
NI'—NI  NJ—NY
TLL: >< T © 3
N?— N~ NT—N§ )

K, BAR T,0 43540 R 2 ARG TR s AR sc Al ce 20 IR AT 3807 AT A &
s 1 R ik % SE TE L 2 B R R bR R R TR 2 i E ., BRSO R s Tee=Tee o XA
St VR ARAT 1 7 S R A5 5 I ST 37 S T (KN DA BB AN 8 TE B B AR e TG T A S 50
FOEF I BORSUEAF G T E0ER Y A8 Ak 5 R 52 B0 37 S 23 10 446 %o ) o

3 MR

A IR B AL A G BE R T R 2 frn . B EEH PUMP Bl S8 N i (PDO S
W55 A e S B% (OSO) BB TN 22 %% T3 5 (MPC) BB 25 B CH i, PUMP 55 B 35 32 48 {3 7= A 4 G
JEF X FHE U5 PDC 8B 3 B4R 58 1 BEAR OGOt 7, IR0 AR BT 17 06 5 OSO AR B2 J5 AL ML AE W H
B F AL P Rl TAEALS T 0952 FG I MPC ALHUH T 43 SR 2 B0 F it B S FF A 30 . 2 R BAEHLIY 32
B RE R S BEH A b B R B A LI . AR LI B 2 W8 T AR S N R AR A OGO xS B
FE A AR DU R A 6T 7R SRS E R IR 22 5 L A5 A B e A 457, X i R B AR ML T AR 7E H AR
SLI AL T o D0 A T AT LSS B E bR 4 0 A B ORI . 3% R BRE WL ARG A S E T RE S S
FI A 0 4 00 3 3 e A A DU R X T R RO AT — R R HE L BT AR R R R A AL Y
5 HE T AE B S5 3030 0 P00 2403 0K At ) *E%E(zﬁ:,rm%‘—H$;‘ﬁ%ﬁ§&%&ﬁ%§fﬁ%ﬁ§&%ﬂﬁ/*
e A SET/TUH\'T' TAC ] 8] i B e 4 4 , SCA iy B3 T 43 1A, MCA Sy 223 38 43 4 .

| 45 355 nm [
° MIirror pand filt |
| an palss ! Ier - 355 nm |
7] Iris ] | | pump filter |
I A/2 wave plate [
[ m BBO crystal pump module |
THE T 430nm | T T
: {;\t longpass filter MPC module i
i v trigger |
i PDC module SPD-1 _. 685~10 nm !
[ Y bandpass filter |
[ SN it |
N () E 725~40nm |
R ERE 430 nm longpass filter bandpass ﬁlter!
I N L
| % Jr”‘?‘/”f Tt _A_AJL’T" |
! % 0S0 module 705nm  DUT SPD-2|
:objec " dichroic mirror |
| 4°scanfmimor | e i

2 55 A o Y B AR AL B Dl B e i

Fig. 2 Optical path design of radiation reference source prototype
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Table 1 Photon count and coincidence count measurements

Coincidence Valid trigger Accidental Valid trigger DUT DUT background

Number counts counts coincidence counts background counts counts counts

1 5321 491749 2820 27369 6615720 558218

2 5161 487952 2909 27092 6624778 555346

3 5303 490150 2873 26978 6599178 553318

4 5278 488099 2868 26872 6580464 556457

5 5178 490424 2885 27090 6582065 556569

6 5200 488924 2903 26805 6574389 556862

7 5274 488561 2814 26859 6590935 557656

8 5264 485855 2795 26774 6610429 556673

9 5099 488617 2768 26833 6586683 557034

10 5267 488946 2771 27110 6609522 558194
Average value 5234.5 488927.7 2840.6 26978.2 6597416.3 556632.7
Standard uncertainty 71.27 1598.76 53.41632 186.73 17039.76 1448.79
Relatively standard uncertainty ~ 0.0136 0.0033 0.0188 0.0069 0.0026 0.0026

Channel detect efficiency 7,7, 0.5182%

F 2 TR RE AR AR T A o R S O T RO S T O B

Table 2 Photon count and coincidence count measurements after inseting NDF in front of DUT

Coincidence Valid trigger Accidental Valid trigger DUT DUT background

Number counts counts coincidence counts background counts counts counts

1 1129 493285 618 26818 1394228 106222

2 1098 491516 576 26829 1393217 105985

3 1127 494637 630 26651 1394697 104656

4 1097 489679 595 26683 1393690 104276

5 1077 489901 572 26584 1401481 104630

6 1075 490411 643 26960 1389623 105563

7 1117 493189 660 26536 1396487 105273

8 1093 494771 607 26612 1396265 104643

9 1084 491884 644 27003 1393375 104350

10 1110 491618 611 26637 1391753 103582

Average value 1100.7 492089.1 615.6 26731.3 1394481.6 104918

Standard uncertainty 19.51 1835.73 29.31 161.57 3176.41 825.15

Relatively standard uncertainty — 0.0177 0.0037 0.04761 0.0060 0.0023 0.0079
Channel detect efficiency 77 0.1042%
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Fig. 5 NDF spectrum transmittance curve obtained by traditional method
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Table 3 NDF transmittance values obtained by four methods

Number Method Value
1 o 20.11%
2 T. 20.12%
3 T. 21.35%
4 T, 19.51%

42 MELAHBEESH
KA ZEIPAL T3k X 5T 3R GETE I 3508 9.7, 1 NDF 3% 5% i & 8 6 8 B 3517 0. 115
ghEI y B IR RE R AT DL A bR E R i E B SRR LD
N N-1 N
ul(y) = Ecguz(x,-) + 22 E ciciulxDulx)drx;,x;), 4)
i=1

i=1j=itl

K BT Y ERE o, AR EARTNE B w () TR R G5 o, Wik iR B h
2, . 1 S N
u (Ik)_in(nfl);(lk x)°, 5

Ao =af/0x, MARMAR. BERRZTEy, SHZE o, THUEWRRZR;r (xisy)=ulx,,2;)/
ulxDulx;) FRNHRRE TR AR o Ml o, AR I 22 w(a, vx,) =<aa;, > —<<a, ><<a; >,
MR 1 T B0 7 17 28 A ity 10 AS I 6l 1 5 PR I A5 381 % 3 T 0 480 % 1 N I E R R 4 TR
AR FRAE R b AN A
A Ml AR 2R 1,38 2 AR e AR O 3 HBUE , SE 30 TN 5 (9 NDF 3 S 2 A 8 BE Nk 5 R . B
T 073 AR R AF 8 AR EE 0T A AR R

5 4% §7
T UG I A0 1R VR O R L R T S B IR L IR T 0.35 Y6 R X B M AR B . SC
IOAIE 7 3 T T 28 A 2 IO i ST R B A U 1 L A L 4 R 2 T R A R {1 5 00 0 T G 5 R

1130001-6



ot % % i1

4 WA RN ECR oo, FHE

Table 4 Measured uncertainty of channel detection efficiency 9,7,

Average value Sensitivity Standard Uncertainty

Symbol Description coefficient uncertainty contribution

e ¢ ulx) c; Xulx;)

N? Coincidence counts 523.45 s ! 2.06X107°° 7.13 s7! 1.47X107°

NY Valid trigger counts 48892.77 7' —1.12X10°8 159.88 s ! 1.79X10°°

N Accidental coincidence counts 284.06 s ! —2.06X107° 5.34 57! 1.09X107°

N Valid trigger background counts 2697.82 s ! 1.12X10°¢ 18.67 s~ ! 2.09X10°7

r(NY,ND Correlation between N? and N/ 0.19 3.16X10°°
u’ (o) Combined standard uncertainty 1.81X107°

u’ (ge) /e Relatively standard uncertainty 0.35%

F£5 IEM NDF E5 R T AHEE

Table 5 Measured uncertainty of NDF transmittance T

Average Sensitivity Standard Uncertainty

Symbol Description value coefficient uncertainty contribution

T, c; ulx;) c; Xulx;)

N7 DUT counts” 139448.16 s ! 1.66 <10 ° 317.64 s 5.26 10"

N9 DUT counts’ 659741.63 s ! 3.53X10°7 1703.98 s ! 6.02X10°*

N DUT background counts” 10491.8 s —1.66X10°° 82.51 s ! 1.37X10*

N9, DUT background counts’ 55663.27 s ' —3.53X 10’ 144.88 5! 5.12X10°°
u(T) Combined standard uncertainty 81.264X10°

u(T. /T Relatively standard uncertainty 0.38%
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