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Abstract

Diamond single crystals that are commercially available were tested for a double-crystal system of the X-ray source

based on parametric X-ray radiation (PXR) at the Laboratory for Electron Beam Research and Application (LEBRA),
Nihon University. Since a diamond crystal has a smaller spacing of crystal planes than a silicon crystal, higher energy
X-rays can be obtained from the diamond crystal as a PXR radiator at the same Bragg angle. Although the size of the
diamond single crystals used in this experiment was not sufficient for the 2nd crystal of the LEBRA-PXR source, a tunable
PXR beam from the diamond crystal was successfully observed and X-ray imaging was carried out using the PXR beam
up to 60 keV. When the propagation distance between the sample and the detector was 4 m, the image contrast improved
probably due to the propagation-based phase-contrast effect. Except the problem on the target destruction, the result
suggests that diamond crystals have good properties as a radiator for high energy PXR.
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Table 1: Characteristics of synthetic diamond single crystal

Diamond type type Ib

Lattice constant 3.567 A (25°C)
Density 3.515 g/lem® (25°C)
Impurity (Nitrogen) 1 ~ 10% ppm
Electric resistivity 10' Q-m

Thermal conductivity < 2000 W/m-K

Crystal dimension

Target crystal: Smm X 5mm X 1 mmt

2nd crystal: (6~7 mm)? x 2 mmt
Main crystal face direction  (100)
ZZCRIEE DD, K 2 fidmD A AT

%%, LEBRA-PXR #AJF Tl PXR Ok 7 A > HVE

E— AT A 05 200 mm BN CIATICRE S TE
V. Bragg A2 0p O & E DX —/4y M- 2 faaM
O L 1T L =200/sin20p [mm] £72%, PXR &t
@Wﬁam@ WX DS ERBRIC, 1)y = mec?/E
(me: BT EE) J:l:1'§ Lf’ﬁfﬁ‘ﬁ@%ﬁoﬁmfﬁ%@
fﬁl!ﬁk 72572, Bragg A0S 7B L2 KO L
ZATOHOPXR B =AY A AN K&, FEEICE
L CHiiE CTE 2 X MEDSFEROY A R KF L T
LEH, BIEOV Y a VB 2T 52T, H2
FEEE L LT 120 mm x 37 mm X 5 mmt DA XD D
ERWCTND, XA Ve NG HE 2 /i & LTI
YELDTA Ty T ICHDHHROEDEBRATEN, i
TH U A AERO /100 FROTREIZ LR H 7, 2
DIz, Bragg AN KE L THZRALF—DEV PXR
DHAET DL IR OEWFEMmm A=A THWS Z
LT L, EHENTOATIEEEE LT (400) maEHA L
7o ZOMEDHEA. 40 keV, 50 keV, 60 keV 2k 5
Bragg 13T F419.9°,7.9°,6.6° £ 725, IRELDE

O IEF AT 5 PXR O E0E 2 b ic 31T 5 K
RIZOWTEAFI R G TH D, Blx iam»ﬁkmm
T5 &, (400) 1 Z 1> T LEBRA-PXR 2> 5 EL Y H
HOMEE, FL XML F—CFLT1/3~1/4
BEIZRD ETHREND, LPLERL, XA FPEUR
HRE S OSBRSS A XOHFIR K Z W=, BRERAF
Fel LTI X BEICOWTIEIZH L TERT D Z LI
L7,

3. XEBRER

SEIDOZA YT REAWIZERIZ, ~ Y 2 B
o W TR ERIC X e — A%ﬁ@n‘éﬁ“é%ﬁ\‘:lﬂ

LEFE— A5 ithbihviz, BERpiciz, = x
%—KMMW\77HAWX@memA\v7uvw
ANE 5 ps, 2SIV ARER L S5pps Th D, w1 E— LY
BT, BLE3IpA L REON S,

3.1 A A=V T EE

4[5 LEBRA-PXR FHR CH A Y& > Ribdh % flt
JReE LU THERT 2RYOIEBRTH -T2, T=FA—
ZOMEL Ty MW 2 fhdaH T =24 A — 2 WHER )
RO RT A — X 72 PIZHOWTORTMEIRELS | JAL /8
T A =R AKXy [T TH 2 CoRYT#ifRO B —
T HEROTBVNENH ST, 30-40keV [T THER LT

LA Bl Boh s e —7 2% R
L7277z, fisa DAL E4FE L, Si(220) D&%Ga &

[FIERIZ Ag@K AR I St % > C = )L X — R IE & 1T
W, A A= 7 EERZBM LTz, Figure 11240keV @
PXR B — 2%\, BHHRO % —47 > MEEN D 7.3 m
T X #RELY Hﬂbwlﬁ?ﬁfﬁﬂﬁ L7k Rz 77, .
MHDLND LT, B2 HEEDOY A XOHKI DT
X —2LY A RXEL 100 mm O X HE LD /N §<‘
40keV DA T35 mmx8S mm BEEDKE X TH -7z,
FAA VT NE—LARISBRIEL T NH Y | FERDE)
—MEICBEA L Ty U a RIS R TE D 2 &R
IND, X—7y M, FH2EmE IS
FESOME B SN2 0 o W S AHT 5 X
BOEIGMNIHIRD LN E BB L T D ARELEDL H
5, B —L0F LIRS EFFOBE ORI OB R
2O, ZHIVY a U OSGAIC RN H D
T, EWMOXRMBIZED "RTT7EEZLND, T,

10mm

Figure 1: The results of X-ray imaging for the direct beam
(left) and a laser pointer (right) using the 40-keV PXR
beam. Each exposure time was 5 min using an imaging
plate (IP).
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Figure 2: The results of X-ray imaging for a laser pointer
(left) and a mouse device (right) using the 40-keV PXR
beam. Each exposure time was 15 min using an IP.
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Figure 3: The results of X-ray imaging for a laser pointer
(left) and a mouse device (right) using the 50-keV PXR
beam. Each exposure time was 15 min using an IP.
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Figure 4: (a) Discontinuous and irreversible trip of the PXR
intensity recorded at 34 keV. (b) Comparison between the
rocking curves at the 2nd crystal before and after the inten-
sity trip.
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Figure 5: The result of the propagation-based phase-
contrast imaging using the 40-keV PXR beam; upper: 0-m
propagation, lower: 4-m propagation. Each exposure time
was 30 min using an IP.
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Figure 6: The results of X-ray imaging for a laser pointer
(left) and a digital camera (right) using the 61-keV PXR
beam. Each exposure time was 30 min using an IP.
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Figure 7: Photographs of the target crystal after the experi-
ment, in which the crystal was irradiated with the 100-MeV
electron beam from the linac.
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