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Abstract: Fourier-transform ghost imaging (FGI) is an imaging method which exploits the high-order
correlation characteristics of optical fields to extract the Fourier information of samples. Due to its low
requirement for the coherence of the light source, it provides a new technical approach for miniaturizing and high-
resolution X-ray microscopy. However, in practice, limited X-ray flux is often required to reduce radiation
damage to the sample, and the existence of Compton scattering will reduce the signal-to-noise ratio when X-ray
photons interact with the sample. To solve these problems, X-ray FGI with limited flux was studied by simulation.
The results showed that when the detection flux was 0.1 PHS/ pixel, the amplitude and phase information of the
sample could still be obtained. The Geant4 Monte Carlo simulation program was adopted to analyze the influence
of Compton scattering noise generated by the gold, silicon and hemoglobin samples in X-ray FGI. The results

indicated that FGI could achieve better Compton scattering noise resistance than traditional X-ray diffraction
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Fig.1 Schematic of Fourier-transform ghost imaging (FGI)

S 2 S % T I ' 36 8 TR 0 S T ) 2 ) Ol 5 49
A5 53 50 R L ey, y )R (x,, v,), RoF G B G R AT C IR iB 2,
MW fRd = d, + d i,

2

(AL (x,, y)AL(x,, Y1) o

=2n(x, —x;) —2n(y,—y,)
f /ldz ’ /ldz

)]
AP OFTR REEE; UMK £ ) HEER B R
PR B A4 . DA ST DU S et SCHR T
TRV B A1 B RE b2 ) 58 ek A e R AR R A A
AT AT AR HURE S 4544 15 B o
1.2 Geantd (FERLLF &

X G2 A b TR AH B R A AR R,
RS R i A O S PR R . 454 Geantd 27 4F
S R DL B 3 s AR AL R G AT 2 R, A A
ASHL BATA BRI =5 . A S
B EFAY N (1) WoE X SR TRE M, a5 FRER
B K 7 AR, FEXET I S 7 AR bR AT R
BUIIFE; (2) ¥ IR FGI 280 RGBT S8, E2h
JUAT 4549 581 R BEE 5 (3) I8 Geantd FRi i, B
T S B A U B AR . R RS B A
J&i, BB AT A BRSO G T AT M AT o b A B,
WIGEBAT. T Bk AR, — ks E 24
F A, B F A A R B A, BT X
REAN LB, AP TR — YA E e,
TXRE 2 2 00 1 2540 SN T A G470 i 4tk Ak
B, e AR RS T A R Ak bR L g s

Geant4

Input
| [ Compton-
Energy scattering
number Geometry Material absorption
position Rayleigh-
momentum scattering

Run

Run event track step 1

Output

Particle, energy,
position, physics

Pl 2 Geant4 {5 EAE AL

Fig.2 Flow chart of the Geant4 simulation

P AR AF A T R,

Geant4 X 4 13 F2 A A5 40002 5L F A B4 A A mT
ACRGERE RIS AR T R L . 78 X P4 bk
st RS F) o R e, I ISR T T AR S,
a(Z.E,) b(ZE,) c(ZE,) dZE,)

E, i E} " E/ ’ E}
A Z W T FEG E G T RERE al by cFlld N f/h
ARG REL

7 Jii R B AR o, O R R I KA SR,
AXTEAGHE T3 1) b e 28, T 1) S ) 50 S 4 T LA
ALY 7R Ry BT

o(Z,E,) =

2

[F(¢.2)'dcos®  (3)

1 1+4cos?6
o (E) =mr? f 1 ;os

b, F(q,zmﬁﬁﬂﬁ%,qzzgsin(g)o i
SR T TR BT AR R B

1 HE 1 B AR P O T Rl A B, (R
P47 Tl 2 S 37 2L PR 40 2 1 8

20210734-3



i E ok A2

128

www.irla.cn

% 50 A

T EZL /N
log(1+2X) Py(Z)+ Ps(Z)X + P,(Z)X?
X 1+ aX+bX?+cX?
4)
Kb m A X = E,/mc*; P(Z) = Z(d; + e, Z+ fZ7),
Z¥a. b, c.d. eMl fAETHEREA B 1 U I A
i Geant4 i FH FLELARS(E . [RIRE, FIRI S B RIETT
AT AR JE T A4S 2 5 1 % T 0 e i S
SAfER

2 FE4ER

2.1 AEIREE X 5% FGLIHAELER

h TR AEAS TG & R X 514k FGI B RS 5L
B, B BRI T X X B4R FGT A4 .
15 B S5 10 ARG AN 1E 1 TR, SRR SRS 22 18]
YRR B R 10 om, FF 5 5 ER00 2% 2Z 18] 7 #E 25 R 30 em.

o(Z,E,)=|P\(2)

2.0

(a) === ().1 phs/pixel
=1 phs/pixel
=== 10 phs/pixel

Intensity correlation
—_
~

1.2
1.0
0‘8 1 1 1 1 1
-3 -2 -1 0 1 2 3
Spatial position/mm

1.0

(c) === ().1 phs/pixel

=== 1 phs/pixel

08 r == 10 phs/pixel

Intensity

-3 -2 -1 0 1 2 3

Spatial position/mm

B3 KRFJei#E® T FGI 5 CDIfFEEE R, (a) K 1 nmX §f4k FGI 45

(d) #e 4 0.1 nmX 514k CDI %5

X X BRI KR 1 nm F100.1 nm PR 543 51 A T AR
ho RHAIBEERE i, X T4 0.1 nm By X T2k, B8
FE 5 %% 55 10 nm, R 4% (B8] BE 25 nm; X T K 1 nm
() X 2R, 5B RE A 4% 5E 100 nm, RUEE ] HE 250 nm.
R, R 28 RSF R 5 mm xS mm, TAIFE KN 256 x
256, ¥ B I G E 545 0.1 phs/pixel . 1 phs/pixel
F1 10 phs/pixel i 17 BUS B, AR AE A X (1) X515 5
AR PRI T8 D' 5007 A0 R AT R 3

P B 245 R 3 FioR, B 3(a) A (b) 451 B
31 nm 5 0.1 nm A X $F4R FGIL 458 . M E H AT L
A, BEE TR AR, 5 — b = B DK R R (E
AR o #8187 38 R 10 phs/pixel i, 16 {H 7
2 ik, SRS S0 D GE RN 1 phs/pixel,
WA Sy 1.6 BRI 5 i 4 4R DN T S g — A0 R IR E
0.1 phs/pixel, WEfE 20 1.1, %8 8 B4 P iy 13—

2.0 -
(b) ===().1 phs/pixel
18 L =1 phs/pixel
' === 10 phs/pixel

Intensity correlation
S

Spatial position/mm

(d) === (.1 phs/pixel
== | phs/pixel
0.8 | s 10 phs/pixel

0.6

Intensity

04 -

02

Spatial position/mm

3 (b) P 0.1 nmX HF4E FGL 4521 ; () DK 1 nmX 444k CDI 45

Fig.3 FGI and CDI simulation results at different X-ray flux. (a) X-ray FGI results with 1 nm wavelength; (b) X-ray FGI results with 0.1 nm

wavelength; (c) X-ray CDI results with 1 nm wavelength; (d) X-ray CDI results with 0.1 nm wavelength
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Fig.4 Compton scattering distribution of samples at different photon energies. (a)-(c) Scattering distribution of Au, Si, Hemoglobin in the X-ray system

with 1 nm wavelength, respectively; (d)-(f) Scattering distribution of Au, Si, Hemoglobin in the X-ray system with 0.1 nm wavelength,

respectively
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Fig.5 Scattering results of three samples at different photon energies. (a), (b) Curves of the coherent scattering photon number and the Compton
scattering photon number of Au, Si, Hemoglobin samples varying with the photon energy; (c) Curves of the ratio of the coherent scattering photon

number to the Compton scattering photon number varying with the photon energy
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Fig.6 X-ray FGI and CDI results with 0.1 nm wavelength at different flux. (a), (b), (c) X-ray FGI results with detecting flux of 0.1, 1, 10 phs/pixel,

respectively; (d), (e), (f) X-ray CDI results with detecting flux of 0.1, 1, 10 phs/pixel, respectively
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