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Abstract: The X-ray compound lens is a novel optical device that focuses X-ray radiation by
refraction effect. The theoretical and numerical study of such a device is reported, including the
derivations of the diffractive screen function of the compound lens and the equations of the
intensity distribution in the focus plane by considering both refraction and absorption effect and
diffraction theory. The first-order and the second-order origin moments are used to describe the
optical performances of the device at the image plane. This theoretical method can be easily
generalized to the case of the compound X-ray lens with a double-concave shape. The structural
parameters of an X-ray compound lens with Al material are designed. The second-order central
moment of the intensity distribution at the image plane and dependence of the radiation intensity at
the focus on the structural parameters of the compound lens are analyzed by using numerical
calculationm at the focal plane after X-ray radiation passes the compound lens is calculated as X-ray
raidation energy is 0.93 keV, 9.89 keV and 29.78 keV, respectively.

Key words: X-ray optics; X-ray compound lens; diffractive screen function; first and second
centre moments; structure parameters of compound lens; intensity distribution

1 5] 5
* BF ARBIEHES (10174079 ¥ B BT X SHER U BT A AR AT 5 R 55 G st
E-mail: jlup_le@ yahoo. com RE/PNFHT4EETF D m R IR, #5875 Z I

WA B 8 :2002-10-11 5 e B & 2k B H - 2003-04-16 BIRIEBBEMALER, HIL ATH 2R T 2% 5%



48 SRHA%. REXFLXKREAFERNEBPIR 573

JEE H (FresneD) ¥ 4 A1 A b #% - JE 12 B (Bragg-
Fresnel) |z §F AT & 7T 460 | il T £ 2 B R 94850
XA SENE X HEAETHRRE X HEREH.
SR X e TO R M T I ZE R BB (5 ke VD X G Rl
B EER X FLNAERRNK R H R, Rl 25
SRR E R = AR S ORI BT,
XF R AR X A WA TR TR BOR By, Hitk
BEA 20 28 90 FEAR, X X 5 4 3B 51 i B AT LT BR
AR~ I iy Snigirev 7E 1996 41 S Hl AL 20 T
X HRHAB B, W 14 keV 19 X HREHEEK
BT 8 um AW, X HFRUAGBERERATEEX
SR B AR T, AN E R B IF B AS L AT
BTG RIRTREEF B SR SRR
BN BEREREEEEERKSESE. Rz
] 20 4R A B 5 2 AR 6 B Bl Wy A 5T DA K X ST %
W HEARFEGIHAE 2N AR R, ERXEEE
SRR A VTR X 4R & B BUR TR &
YRR Z T HERIE B X R MER S W A T A
5 BB a3 o HE B R RR 2 L 2 T A T 5 43 N
Mo XF B BEFHEOCE R RREI K X G4
HHEBFEOLS, CWRTHEFENRETH. B
A ESN B E N R C#EERE Y, AE
BENARNESE X FLRAGBERRITHBHR T
HREER . B X SREBRRM R SR8 %
TR AT ST R WSO N A5 1 A 5 5 R B R AT S B
R XFRAGBERETEALFRES T, R
JE RIS = e — By B R s R R AR T A /Y
JeEERe, 8 X HRA G BRNSWSERIT TR
FE. RAAHE4SRE AL E X A6 EES
WS8RSR R R RS R,

2 XWHLRHAGEGRBIT IS

FE X SR B MR B B 3T 5 R B OB 2% 50
WRERA 7=1—0—ip, HPA—OREKITIH,0
— AT L0 E 10" ZE, BT SR . pIRE
W, ST M B R TR OB E AR X 5
LB, RIEREE AW, X HLREHSBEHE
TAEHEANFREHENSNBREATHEE—E,
WA BE MR+ Z 580G 65, Wl &1
=PRIV, BRBHAEGBES X HLE
SRR K, HHERASERSSEWS BN
AR MW EINR 2. A8 30K DL F T 5T
HITHBK X HEHAEGBRE NGOG X FHLd s

BEH R BT EIE BT B T 7 M) = iy X
M3 55 TR X ST A B

B 1 prm R X G2k R A & 3 B 0P 3T 5
BT, HHF R OGMIE A2, ¢ Fd 505 3 5 8
TLH AL IR R, D) AT BLOT A B D AR AE
B R AL BB B R B B R B R A . — ok A
BB R R m /N T AR B, Y b AR 3 5 A
T(RAEGBEGBEE—THF.

Ar Ap

D(r)

Fig. 1 Focusing scheme of a single X-ray lens
24 12 AT S RN, BN 25 R S S 0 IR G
Bf, —REE X &im @ » 47 A AL
%

{ $(r) = k(1 =D + k[t — D],

— _ 2 2 o i (1)
D) =d+R— VR =7 ~d+ gz

T BTRERSER T —MENREHN <) K
(OR7HL
t(r) =expli¢(r) ] =
exp[i %(t—&d)}exp(— i chlgz ) ,y (2)
LRAm AT B, X SRR ST I A TR R AN

Al =exp[— 4—;§D<r>]=
ow(~ e~ ). @
SF A B T 5 S5O N R Wk R AR A T B R
BB H(r) W8 X Hh

H) =AG) « z(r) =
Cexp<—2—7;‘f€L2>exp<—i%?2>, 4
H C:exp(—%&>exp[ii—n(t—é\d>].

R S B P R EIRE R AKX, IR
FE AT > 24— 2RF T B8 58 5 A 1o 3 5 R T
B JRTHT p A5 B2 R W T R



574 )t 2

H 24 %

U(p) ZﬂH(r)exp{ik[(po —px+ (qo —ql)y+%<%+%>(xz +y2)] }dxdy, (5)

Hrf (z,y) M) S AURERE » Mo srs R 7" 351K r R p SBRA O MBER, i T A BCH 10
?ﬁJﬂlﬂﬁ Po=¢q = 0,p1 = xl/z’Q1 = yl/z,(5) iﬁfﬁﬂéﬂif

7"2

U = ﬂHmexp(ik -

)exp[— ik(prx+ qy)]dxdy, (6)

W (6) L R A bR R » I A2 (4) 1 DL 2 /R B RGBS

2n

LG = 5 [expCizeos ddexpmddar <031, T = 771G Q)

0

G RXFALA

U(p) = ofCexp (— 2—Tc‘&;z)exp['

2

%<%—%)]]0 <i—:r{o>rdr. (8)

Horp Jo RAAEH I E/R BB FIFE XK,

. > _ 22k
JO(Z)—E( 1)kma

%ﬁ:{ﬁé\\iﬁ[lﬂjx"exp(— ax)dx = anT!N (n HIEE

o> 0) FFMITH RTHEEAX F =R/8,18
BB p s A958R R RK

I(p) = exp(-%‘gi)(%yexp<—la—z 2), €))

OXMRT X FLREHEL T HATE
TR TE SR EE /3 A . X F— A0 2 B s B B M
P T H R E X HRAEGER, REIZHAE
BEEH (AN FMITS R AR, WAGBENEE
Rothie . i im/NFHEBRWERF, = R/5,
HWHREHETRRN H, () =[ADc(N] . &3
KB EHESSRE, AR X HEAGEEE LT
)58 B 3 A

L) = exp<—8—“&d> ("%) exp(—%%>,

(10)

Fig. 2 Scheme of a compound X-ray lens
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Fig. 3 Second moment of the intensity distribution in the focus plane varies with the structure parameters of the compound

X-ray lens. (a) with the numbers () of the single X-ray lens, (b) with the radius (R) of the spherical segment;

(c) with the center thickness (d) of the single X-ray lens
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Fig. 4 Intensity distribution of the focus. 0.93 keV,
[=100, R=600 ym, d=0
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Fig.5 Intensity distribution of the focus. 9.89 keV,
=100, R=600 ym, d=0
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Fig. 6 (a) The intensity distribution of the focus; (b) The density plot of the intensity of the focus in the X-ray
plane. 29.78 keV, /=100, R=600 pm, d=0
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