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Fig. 1. Principle of inside-source holography [19].
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Fig. 2. (color online) The crystal structure, simulated hologram and reconstruction of Pd-H based on pure

detector rotation: (a) The crystal structure; (b) simulated hologram; (c¢) z = 0 nm plane reconstruction, red

circles mark the H atoms, yellow circles mark the Pd atoms.
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Fig. 4. (color online) Simulated holograms and reconstructions based on different rotations: (a) Type 1

rotation; (b) type 2 rotation; (c) type 3 rotation.
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Fig. 5. (color online) Simulated holographic reconstructions based on different rotations, 6 = 46.5° — 133.5°:

(a) Pure detector rotation; (b) type 1 rotation, x = 30°; (c) type 2 rotation, x = 30°.
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Fig. 6. (color online) Corrected holograms and reconstructions based on type 2 rotation with Poisson noise

and different x: (a) x = 26.56°; (b)

X = 50.16°; (d) simultaneous solution with x = 26.56° and x = 50.16°.

242801-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 24 (2015) 242801

TR 6 7E T — x BRI o vE BUE ) A, BN
T PR 77 1 AT A R A RIER I 2%, 46 K
(ksinxi,0,kcos x1) F (ksin 2,0, kcos xz2), 77 7l
AT B BN EIFZHNMELH0 = n—
BRI SRR 2 H 0 = 10— Yo BT AT AN, 3% (12)
AT BIPLHT7 A, K HAR DN 5 KA, 0 B el 3% m
J5 77 R S EE MR R G K, DR 6 A HORE s B
N A9 fsE.

AT LA P AR 88 R e %, L Tas ko
5N (0,0,k) Fl(ksin@y,0,kcos@y), ic R I 2%
1 AR IR 2. FRI 28 255 2 J5 kP (ksin(6 +
01) cos o, ksin(0 + 01) sin o, k cos(0 + 01)), LK
az(0,p) = al(0+61, o) +a (0+x, ), LiLiE M4,
ST G kN (—ksin(x — 61),0, kcos(x — 01)),
AJ DLA AR 77 R AT KA

Sy —J7 1, 7RSI I s ) 4 B B R % R
TEEG KT, R R4 (12) AR5 SEBR I of
AFERGAHAE. G| NGt (I, = 5 x 107, F
BB ML 208 2.7) #EAT HEL40L, 1816 (a) AR 6 (D) 43
SR x N 26.56° F150.16° FIZ 1E 4 2 & Al 4 1A
(A& ofET — x I A& ), Bl6(c) AB
TSR g (A I3 ) 2 45 m— x BRI ££11.80° 3%
TH7 x 1224008 ) 15 2 118 IE 4 B R S g ],
HEEeSERESE2 () H—ERHTZE, H
K6 (a)—(c) K~ 0.1068, 0.1108 F10.0336. K1tk
BRI (A8 T 2 5 RS2 G TR A R R BUR, T
AR x FAIEATIE ISR M, PT LLAS E R4S A0 1
R,

gi b, BTz 2 4 B A DU T2 IR,
B N SR

1) A BN A2 06 TR AZ 0 0T R

2) A4 K HEAT P IR, B TN R
MBS
3) x FEUE N 0 Bk M B RS

4.3 #EhER3

)77 343 B 4 B A YR 4 B EA
FELNVEIR R, I Tok A2 B b I i, B
1) MG 5 R W 22 1 S A 3l 5

SR DY (5 R A B A R UG =, ) R
Budapest # 7t #E ) Marké 25 1§ 1 X0 5
X ic % 1 4 BB A AU k5 AR kO AT E
JEIEN, A R B, A AT R A
ik, &R ERIEE T (a)—(c) .

Marké &5 38 $2 2 F I — 4k 7 B R SOE I 2%
(PSD) Bk 47 XU E B 4, PSD k%% % B ) ki 5 1)
FHTEN T K7 T ASTR], PR AT DA A bl AR 25 58
Z s B, AT IE T PSD #8025 fr X1 E = 2 3t
TR, By = 45°, FEa el i fh 3°, ¥ PSD
E0r N8 x 8 = 64 MHTG, 4 AR AN BT 4
B0 TG A% B ket RN ket 3k AT X0 o g IRk
Jn, AL PSD 7 56 A1 FE N 8° x 8° M 16° x 16° [HI1h
7, [FIF i F K T AR ) PSD ] fE 2> 7 7% Bragg iT
S IR IR AT S0, BERLE 16° x 16° PSD ff 14
BT (24 F IUAN 1° x 1° [ 5 3R N 88 ) i3k 47 55 2
5T, ¥ BRI a4 R 5 PR 2% R 45
RUAT N, R BREES . iITHE & T H
5K 2 (c) B— 5375 2, B 8 (a)—(d) fkik N
0.1407, 0.119, 0.0908 F10.0951 (7 5 6 385 %
g5 AT L), Ak PSD XU B 2 ) R I 7
Fa R KM AR 58, 1 H N ST Brage fi7 450, 7T LAfR
Sl $ PSD 2 1) BTk AT E 4.

0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2
g g g
G 0 = 0 S 0
< < <
= =) =
—0.2 —0.2 —0.2
—0.4 —-0.4 —0.4
—0.6 —0.6 —-0.6
—-0.5 0 0.5 —0.5 0 0.5 —-0.5 0 0.5
z/nm /nm z/nm

K7 (MTRd) #arA s, k', kf ri S AN EEEE  (a) kf 7 REEE; (b) kA EEE; (o) WEERE

Fig. 7. (color online) Single (along ki, kf) and double holographic reconstructions based on type 3 rotation:

(a) Reconstruction along kf; (b) reconstruction along k'; (c) double reconstruction (mixture of (a) and (b)).
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Fig. 8. (color online) Double holographic reconstructions based on type 3 rotation detector,
x = 45°: (a) Using a point detector; (b) using a 8° x 8° PSD detector; (c) using a 16° x 16°
PSD detector; (d) using 4 corner of a 16° x 16° PSD detector.
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Abstract

Neutron holography is a new imaging technique based on the recording of the interference pattern of two coherent
waves emitted by the same source, which allows observing the spatial order of microscopic objects like molecules or
atoms in crystal sample. Two approaches can be used in neutron holography measurements. One is called inside-source
holography, in which both the reference wave and object wave come from embedded atoms in the sample and propagate
toward the detector outside the sample. The second approach called inside-detector holography is the inverse method of
inside-source holography, in this case the reference wave is the initial neutron beam coming from a distant source outside
the sample, while the atoms embedded in the sample act as detectors. In an ideal inside-source holography experiment,
the sample should be fixed and the detector moves on a sphere, which is not practical because the detector system is
usually heavy and far from the sample. In order to minimize the operation space, the detector always moves on a circle
around sample or is located at a fixed position, while the sample rotates in an appropriate way to imitate the motion of
the detector in a sphere. However, the orientation of the sample relative to the incident neutron beam is changed during
sample rotation, and part of the inverse hologram is recorded together with the inside-detector hologram, which can
cause distortion in the holographic reconstruction. In this paper, we simulate neutron holograms and reconstructions
based on three different sample/detector rotations. In the first case, the detector moves on a circle, while the sample
rotates about an axis perpendicular to the detector moving surface. In the second case, the detector is fixed, while the
sample rotates around two perpendicular axes, the 6 axis rotating the sample through 1 radians is perpendicular to the
incident beam-detector plane, while the ¢ axis rotating the sample through 27m radians moves on a circle parallel to the
incident beam-detector plane, this rotation can be carried out on a 3-axis spectrometry. In the third case, the detector
is also fixed and the sample rotates around two perpendicular axes, but the 6 axis is parallel to the sample-detector
direction, while the ¢ axis moves on a circle perpendicular to the incident beam-detector plane, this rotation can be
carried out on a 4-cycle spectrometry. The distortions and corresponding correcting methods of three kinds of rotations
are discussed. The result shows that most distortions can be corrected by using special measurement or reconstruction
techniques. Furthermore, pure sample rotation based on 3-axis spectrometer can achieve the best reconstruction result,

so this rotation approach is preferred if conditions permit.

Keywords: neutron holography, sample rotation, 3-axis spectrometry, 4-cycle spectrometry
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