Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

IR EL K Wolter-1 BY X Gt 2k RS M1 R ik
FhA MY AsE XY FARa REF O KEFR
Development and testing of glass substrate Wolter-1 X-ray focusing mirror

Li Lin-Sen Qiang Peng-Fei Sheng Li-Zhi Liu Zhe Zhou Xiao-Hong Zhao Bao-Sheng Zhang
Chun-Min

5| 115 & Citation: Acta Physica Sinica, 67, 200701 (2018) DOI: 10.7498/aps.67.20181330
TE 7% 132 View online:  http://dx.doi.org/10.7498/aps.67.20181330
2 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/120

AT RE RSB E A L&
Articles you may be interested in

— AR AR X S PRI SR AE B RE AR E 751
A method of calibrating effective area of focusing X-ray detector by using normal spectrum of Crab pulsar
Yy %4.2018, 67(5): 050701 http://dx.doi.org/10.7498/aps.67.20172352

LT3 1) N FH F Sk Ci ZR ATR oh) XC S R U
Transmission-type miniature micro-beam modulated X-ray source based on space application
VP22 4%.2016, 65(14): 140703  http://dx.doi.org/10.7498/aps.65.140703

X G 15 FRGE A 43 A
Bit error rate analysis of X-ray communication system
Y4 2015, 64(12): 120701 hitp://dx.doi.org/10.7498/aps.64.120701

— IR I B M S B T
A new approach to designing circular grating focusing reflector
PP 2%, 2014, 63(24): 240702  http://dx.doi.org/10.7498/aps.63.240702

22 1) XRS5 15 AR M A 32 1 Bk o i ST
Grid-controlled emission source for space X-ray communication
VI3 2E4R.2014, 63(16): 160701  http://dx.doi.org/10.7498/aps.63.160701


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.67.20181330
http://dx.doi.org/10.7498/aps.67.20181330
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I20
http://wulixb.iphy.ac.cn/CN/abstract/abstract71684.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract67755.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract64439.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract62605.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract61199.shtml

3 % R Acta Phys. Sin. Vol. 67, No. 20 (2018) 200701

I HEEIK Wolter-1 81 X 514k BRER SR At I B it ™

FMRADVDY BBV B ARY xEY Aggd
REAY KER?Y

1) (PERERE R, b5 100049)
2) (AR BE, V4 710049)
3) (P R R 7 2 e ARG LRI S0 07, RS 5 TRORE R = A=, /i 710119)
(2018 4E 7 9 HULE; 2018 4F 7 H 25 HUYLEME IR )

Wolter-1 8 X §5f 25 58 £ 5% vl RE 45 NG 1) XS 286 S O 28 P T A, HLA e 5 ) AR AR 8 77, 78 R SCHR
St b B E AR e U X S SR B I A SR R T AR AT B TR, HE S TS T DA
BRFE AR RS WT S HOTRE, 7T TR RS AT B Bk, kI B vk, R BAWm R
v VU V8 R D263T BRI 40 #vES R S5 1 S IS B R I, 7 S S 5 3 T ) 6 4 J8 B T RS Dy S S FEE A
il 7 Wolter-1 B4 S8 41, FHA8 FH IO = 4E 1 F5 OO BTt i) 1) SR AR 8% T 24 b A7 1 K. Ik 48 R B, sk
PR P T 2 5 FRAREE 7 T B A ZE7E 10 pom BAPY AR AT 7 st A 1 50%. e #5 2 vT W 2% 4F T AR B
MRS, 1 H EGREMPURE BB EE EME, @it BUG 0T A 0T TH 5% K FE UG B IR BE 3 A ok o &
SINTEEBRIIRE R IE O, I E PR E S 8. St g B R: B RS R0 9 1.6 m, FEBEMY
RE A B 4S9 0.33 mm, XN AR N 0.7 5.

X H#iF): Wolter, X HTZR R £, HAG 2
PACS: 07.85.Fv, 07.60.j

R
F— H e 1% U A T B R S R KON
e AL AR BOULIN B A b BRORT R )V Bl
BEALHLH], B AEXT o 2 S SRR P 28 AR 1 o A
BT BRI B TN S R AL K T R E R AR T K
B A ISR OCI ST EAR T AL, AR I
T O I R A4 1) XS e B 4 2 1R AT L 2R AT Y
HET B, Hoh X2 SR GR BE5T rh AN ] Bk (1)
BB, TR, EANCA 2 RS X 528 R AR
BRI R R b, 2017426 3 H i
NASA & 4F I NICER (The Neutron star Interior
Composition Explore R) #&ill 2 2 56 4>

* [E K H AR G (ILHE S 61471357) BBIRERAE.
T #E/E#H. BE-mail: qiangpengfei@opt.ac.cn
© 2018 FEYIEF S Chinese Physical Society

DOI: 10.7498/aps.67.20181330

X 26 R AEBE, H TR rp 7 B X R AT
Bar e -4, 20124E 6 A 13 H & 45 i NuSTAR
(Nuclear Spectroscopic Telescope Array) #Rill T &
FHEEAA X LR ES, T RIS SRR
PRI X S 2R AT i 7t P8 E A 2T
TSR TR R, E RS =T
23 [ RE 24T 55 7 ) 5% R i B 5% TL2 EP (Einstein
Probe) =11 DL K i o B R £ ZOR AT E S I E K
bR B2 (R 220 H 3G 58 A X G 2R i AR 5
PR KL H eXTP (enhanced X-ray Timing and
Polarization mission) 213, Hrp EP TEKHEE
— 6 X LR EERE, HTER X FL3 BRI
IR ZR 25 28 O N BICAR 1 P XS 28 38 I 90 A B A2 s
R R AR ) X S 2678 eXTP WK HEH 134 X A
AIRFES, TR B B AS X 2R

http://wulizb.iphy.ac.cn

200701-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20181330
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 20 (2018) 200701

BN BEATTRINBIE TT. 1 — R FI RIS ) St 0T 2
e 3 R SCHERI AT FC R A, A5 38 ] ) =43 ) s 2 ik
N iz et (4T 51 BAT R 2R L

IR 3 XU 28 3R AR B A AT 1) R 3N
52X Wolter-1 BB it MRAEGE FAS R (K858 A S A1
Bl SRR LR BT i e BEAT S AR B bl T
T RGO B 0 25 AR X AT R AN B
PR, BT ORI R, BB R,
[ Py CA A B B R 1EAT X 2 R AR B A R
iff g8 =160 AR S 3 L 5 DA VB N R R I 5
BB BT R S HOG SR RENNR. SR B
fEBE LS ERE A AR ZAAET: T TER
(5, Wolter-1 451 F 46 2570 9 Btk AT ¥ ik, et
o 2 RS A BB B TR] ST D' % PR 52

2 REFHH
2.1 RBEFRLIT

BTN R AE T (9 S SR BT 1 Wolter-1
X PRRERESZRME, /R ZHINRESR
ARG, R RRES T R E A
JEBE R S A, X 2R AR AR T A S R A (1)
AP

R = Rpe — (4nasin0/)\)2, (1)

Forh Ro 9 BRAR R TH 0 X5 40 (0 S 5 285 o 9 S
ST IR RE s 6 9 NS AL | (1) 3R, 3
NI AR, RO Al B B R RS
B fEPRAGE R R T A B, REB IS N
RIS X G2 SRR R MR AL B, AT SEBLNS H AR
AP, LRI S B ] 1 ps.

XHHEAAEE

K1 X SRR R

Fig. 1. Detecting schematic diagram of X-ray focusing mirror.
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Fig. 2. Schematic diagram of Wolter-1 focusing lens.
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Fig. 3. Design parameter diagram of Wlter-1 focusing lens.
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Fig. 4. Thermal bending process of flat glass.
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Fig. 5. Picture of focusing mirror.
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Fig. 6. Physical picture of testing system.
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Abstract

The wolter-1 X-ray focusing mirror can reflect grazing incidence X-ray to the focal plane, which plays an important
role in the astronomical detection and other fields due to its good image detecting capability. A geometric model of
the optical system is established for theoretically deriving the optical path equations which is useful in this glass based
focusing mirror designing, all the design parameters of the focusing mirror can be obtained by solving these equations.
In the manufacturing process, the D263 T glass is chosen to be the structural material of the focusing mirror due to its
light weight and super smooth surface, after a slumping process, the flat glass mirror will have the shape of Wolter-1
X-ray focusing mirror. This slumping process has been used successfully in the manufacturing process of an American
mission named The Nuclear Spectroscopic Telescope Array, which was launched in 2012. According to X-ray reflecting
theory, the reflectivity of the Wolter-1 mirror can be improved significantly by coating metal film on the surface of the
mirror. In this work, an iridium film is coated on the surface of the glass mirror through a vacuum evaporating process.
In order to learn the influence of the focal spot caused by the mirror shape tolerance, the morphology of the mirror
is tested by using a 3-D laser scan instrument. The results show that 50% of the total test points are located in the
tolerance range of —10-10 um, in which the tolerance represents the difference between the actual lens profile and the
ideal lens profile. Then the focal spot test is carried out with the help of a visible light test system: a laser collimator
is installed in front of focusing mirror as an incidence light source, and a charge coupled device (CCD) is placed in the
focal plane to gather the image of the focal spot, by calculating the gray level distribution of the focal spot image taken
by the CCD, the energy distribution characteristic of focal spot can be obtained. The experimental results show that
the focal length of the focusing mirror is 1.6 m, and the half-power surrounding diameter of the focal spot is 0.33 mm,

corresponding to the angular resolution of 0.7 arc min.

Keywords: Wolter, X-ray focusing mirror, grazing incidence optics
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