Chinese Physical Society

M!l ﬁ Acta Physica Sinica

. Institute of Physics, CAS

TE Biom 2 SN BRI X S8R
4'&4'%% RES BZE Rt R KRB KR Fik

Ffluorescence X-ray source used for calibrating the detector of X-ray navigation
Dai Jin-Fei Zhao Bao-Sheng Sheng Li-Zhi Zhou Yan-Nan Chen Chen Song Juan Liu Yong-An
Li Lin-Sen

5| F15 2. Citation: Acta Physica Sinica, 64, 149701 (2015) DOI: 10.7498/aps.64.149701
7E 26 %35 View online: http://dx.doi.org/10.7498/aps.64.149701
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/114

B RE RSB E M S

Artlcles you may be interested in

— Mk b A SRR T i
A new method for the pulsar signals simulation
YE = 4.2014, 63(21): 219701 http://dx.doi.org/10.7498/aps.63.219701

XSS 2k e e JE A A XS 3 ARG JEE 52

Effect of stability of X-ray pulsar profiles on range measurement accuracy in X-ray pulsar navigation
YyH % 4.2014, 63(6): 069701  http://dx.doi.org/10.7498/aps.63.069701

Néf P A B 0 T P 2R B ABE A 70 gk Ik i B A 5 Y e
Empirical mode decomposition pulsar signal denoising method based on predicting of noise mode cell
PP 22 4%.2013, 62(20): 209701  http://dx.doi.org/10.7498/aps.62.209701

BET S AR by fik v B A A I et A5 5 A
Pulsar signal detection based on S-transform
YE=4.2013, 62(13): 139702  http://dx.doi.org/10.7498/aps.62.139702

XU Ee kb B B 3= ST R0 75 72
Timing equation in X-ray pulsar autonomous navigation
YE = 4.2013, 62(13): 139701  http://dx.doi.org/10.7498/aps.62.139701


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.149701
http://dx.doi.org/10.7498/aps.64.149701
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I14
http://wulixb.iphy.ac.cn/CN/abstract/abstract61462.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61462.shtml
http://dx.doi.org/10.7498/aps.63.219701
http://wulixb.iphy.ac.cn/CN/abstract/abstract58475.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58475.shtml
http://dx.doi.org/10.7498/aps.63.069701
http://wulixb.iphy.ac.cn/CN/abstract/abstract56234.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56234.shtml
http://dx.doi.org/10.7498/aps.62.209701
http://wulixb.iphy.ac.cn/CN/abstract/abstract54608.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54608.shtml
http://dx.doi.org/10.7498/aps.62.139702
http://wulixb.iphy.ac.cn/CN/abstract/abstract54610.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54610.shtml
http://dx.doi.org/10.7498/aps.62.139701

3 % R Acta Phys. Sin. Vol. 64, No. 14 (2015) 149701

PR IE Bk 2 SFAER N 2R BT X STee iR

RAETCD) BEAD BIAD AEMED HED KL
WAZED BHAED)

1) (F E BB 26 E R N ST, BSOSO TRARBE R E AR E, 1% 710119)
2) (R EEABERY:, dEET 100084)

(2014 4£ 12 A 9 HILH; 2015 4 2 A 17 HIREME R )

R TE XA 2 ik 2 S TR PRI RS, Berh T — RO X AR IR, A R IR ¥ AR R R F X R
H G 2 3 R s R, T SRAF RE R — I 2O X PR, I LAEAE ba s PRI 4% (75 e X 2k, R
PRV RS 2 AR 58 75 RSP N Mt 1 4 b 5 8 2 1) 9% 0l XS R R IR R i 20 A A IR, M
TR ENTHER 72500 X EOGIRA T 52 R G0 b SR 2 EAT b3 € 1T A7, BRI T 906 X 4%
JCURFEL, JEAE A R G0 26 X SHEOGIEFENLE TRt A I, ERWEES D, = 300 cm, X S 2%
BT, = 200 pA I, Bl 55t X 4O IR ¥ & ik 19.57 ph/s@4.51 keV, 25.22 ph/s@5.41 keV,
33.27 ph/s@8.05 keV, ik T Fr#E AR AT ATE, IRA5 T FR i BRI ER 15206 X I EG .

KR kot ST, 26 X ST EOLIR, RIS R E

PACS: 97.60.Gb, 07.85.Fv, 07.05.Fb

1 5 =

AR, X A2kt 2 B 3% 20T 1)
RyE D01 XU BRI B3 A SR G ) b
wefr iz —, WHIT M U E R . XU Z R 4%
MW FUN H CA LT EEZ A, BRI T X Lkt
B AR N 258 A TR R T B 10—, b2k
RS 0 FL AR Bt AR 25 il 7™ 4% 52 B b
iR, 1 HE— b HERE X SR Tk S AU
WEFURERE, WAARAS RE & o6 TR T Y X 4L

T I X5 2 6 U5 0 7] 20 i A B X4
2. BURFD R XA 2o I B A oAb e A
AL AR AL, B R D A A Se Bt ol Kk R i R
A%, ARMEAE [F) 20 48 S5 SIZ 30 3 56 BB 8 SR 36 — AR
X AE, HL TR M YT f) 5 Bl P S el B A
FEMNT A2 X GF 2R, 6 PLEOIR IR 1 B 12 3%
BEETE bE aCH BE 0 10)) ANE T b e R A 11 i

* [ER AR S (MHES: 61471354) BEHIAGIRAL
T #{E/E#H. E-mail: lizhi_sheng@opt.ac.cn

© 2015 FEYIEF S Chinese Physical Society

DOI: 10.7498/aps.64.149701

RN

N T AREUH B R I X SRR, A SCHR H R
P XU 28 3 o R 8 G RE M I T R ARG 9Ok
X EAR IR, RIZITVETAT It X 2ot
PRBENS I RBR BEHLIR A IR 5, (EEIRIT A0
A, I H AT LIS I 5% ' BE A4 5 e SE B R e v
F Y.

2 EARELIZE ARG

2.1 X FENRH =L [RIE

LIRHAE DI LI X SHHERBERE = M /c ()
NX PP A) KT RNCEM A R Z 4G
I, At 52 B B Ok, ISR RN
M4 e R KR B, %7 22 FHA G E R R
H K A2 RE; 5IRE, RE9¢6 X B2k, X &
LR R IR X BT R BE B AL

Ex = RhCO(Z — A,)%(ny? —ny?), (1)

http: //wulizb.iphy.ac.cn

149701-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.149701
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 14 (2015) 149701

A= R(Z - A,)(n;” = ny?), (2)

Horp Bx R X R RER; RFR BAEAR
5 h ARG C ARG, Z SRR IR T T
Ap REHEHG ny, e NIRTHUE 2 T4

T ALE XS 26 RS R R0 2 X G 2R IR 2
PRI 0 2 R T B0 (w). R A — 57, %%
KGR B wr (K R8I, wr, (L R
FERR), way (M RRIET=E) BT 28180, BT EA
K RS RGP E, WOER K R29¢6 X O &1
KA. W KRR X B =1, ng = 2,
A, =1, —H ZikE, iR RE LN K R%
e X B, DRk, AT DUE A R G HE A = A AN
) (1) K38 5% 6 X5 4R AR b s R I 48 1 6 5k
SE P R R Y R T ) H .

2.2 TLWRERYG
N T BRI SR ) 3R 5 R B O X R e IR
PIRTAT P, #5487 SLIGRe B, LUK (Ti). 5 (Cr). 4
(Cu) =Fh5e SR BTN G, 56 e X 528 eI
FIRETE A0 AT e T IR S HAR AT K. 22 e et
SR 1 Fra.
£1 SO RS

Table 1. The specific parameters of the fluorescent

targets.
RIGHITY Ti Cr Cu
HFF R SF /mm? 30 x 3
4z /N 4.5 3 5
g Ka/keV 4.51 5.41 8.05

SEIG R BN B B 1, X G2 B R
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Fig. 1. Schematic diagram of experimental set-up.
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Fig. 2. The spectra comparison between Ti fluorescent X-ray source and the Ti target X-ray source; (a) the

spectra of Ti fluorescent X-ray source; (b) the spectra of common Ti X-ray source.
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Fig. 3. Spectrum generated by different fluorescent X-ray source: (a) spectrum generated by Cr target

fluorescent X-ray source; (b) spectrum generated by Cu target fluorescent X-ray source.
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Table 2. Photon flux data of different fluorescent X-ray source.

Cu ZHETN Cr 365 Ti RIGHTN
X HELE R X SFEOGIR X G EOEIR X R
Io/puA 4% /phss—! Io/uA  iH#0% /phss—! Io/uA  T¥% /phss—!

1 731 0 320 1 312

7 3721 7 1634 8 1431

26 29967 21 5802 28 4314
64 53389 60 15499 72 10462
123 71505 112 28791 125 18052
24 kV 164 83611 159 40155 167 23845
193 94330 190 48268 197 27969
216 102255 213 54166 218 31222
236 109149 234 59163 240 33874
254 115470 253 63333 255 36296
269 116112 266 66582 271 38193
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Fig. 4. The relation curve for photon flux of fluores-

cent X-ray source with tube current.
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Table 3. The fitting coefficient of fluorescence X-ray

source photon flux intensity.

AR BEE PR IR L& R 5L

BICICIRFOHE
R/uA~! B
Ti 281.112 666.386
Cr 417.452 643.751
Cu 475.416 1170.555
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Fig. 5. Fluorescence X-ray source proto type.
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Table 4. Test results of the prototype fluorescence X-

ray source.

TMEE  AFZOE X FLICIRKE TR R T 40% /phs-s !

Dyfem  CullB#IeIE  CriEsObiR  TifEs LR
125 180.77 137.47 101.97
300 33.27 25.22 19.57

i (4) RHHITE D, = 300 cm, I, = 200 uA
BT S 9% X S TRAENE BT R R
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Abstract

Lots of research work on the X-ray pulsar navigation detector has been carried out, but the rigorous quantitative
calibration results of these detectors have never been given out. In order to further promote the research process in
X-ray pulsar navigation field, a kind of high-precision X-ray source which could be tunable in energy distribution and
photon flux is necessary. A new method has been proposed to generate such an X-ray source, in which a conventional
X-ray tube which is called the original level tube is used to excite a special fluorescence target to generate fluorescence
X-ray source. Firstly, the primary experiment system is built, with which the intensity of the fluorescence X-ray source
is measured in atmospheric environment. The result indicates that the fluorescence X-ray source can be implemented in
vacuum system to calibrate the detectors. Then an integral fluorescence X-ray source is fabricated which can be used in
vacuum system and its intensity is measured under the condition of D, = 300 cm and I, = 200 pA. The photo fluxes are
obtained to be 19.57 phs/s at 4.51 keV, 25.22 phs/s at 5.41 keV, and 33.27 phs/s at 8.05 keV. These data demonstrate
the correctness of our method and that this new fluorescence X-ray source can be used to calibrate the x-ray pulsar

navigation detector.

Keywords: X-ray pulsar navigation, fluorescence X-ray source, detector calibration
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