PARAMETRIC X-ray RADIATION IN POLYCRYSTALS
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Parametric X-ray radiation produced during the interaction of charged particles with polycrystals is regarded. A
review of the existing theories, perspectives of application and performed experiments is presented. The evolution of
experimental capabilities as well as the progress in the process comprehension is illustrated. The state of the art of

PXR in polycrystals is presented.
PACS: 537.8, 538.9, 535-1/-3, 535.4, 537.5

A large number of experimental and theoretical
works were devoted to the research of radiation pro-
cesses that take place when a charged particle moves in
condensed matter. The radiation is generated in a wide
spectral region during the charged particle interaction
with atoms and the total generated radiation consists of
the contributions from different radiation mechanisms,
which can occur simultaneously. In some mechanisms
the radiation is emitted by the charged particle because
it moves with acceleration (Bremsstrahlung, Channel-
ling Radiation), and in others the radiation is emitted by
the polarized medium even if the particle velocity is
constant (Transition Radiation, Cherenkov Radiation,
Parametric X-ray Radiation, Polarization Bremsstrah-
lung) [1 - 5].

The mechanism describing the radiation generated
during the interaction of charged particles with poly-
crystals was theoretically described in [6]. The Paramet-
ric X-ray radiation spectrum in polycrystals consists of a
set of peaks which position is determined by the obser-
vation angle. Additionally, it was established that the
intensity and the spectral width are also determined by
the observation angle achieving interesting properties in
the backward geometry [7].

Several attempts were performed to verify the theo-
retical predictions. Some properties were validated
separately, however a complete study was not achieved
until this year [8]. The main problem to verify experi-
mentally the theory was the presence of texture in the
targets. Metallic polycrystalline foils have a predomi-
nant orientation of the grains according the crystallo-
graphic structure and the manufacturing process [9].

For the theory validation it was a problem but on the
other hand, since PXR in polycrystals is sensitive to
texture, grain size, lattice constant, etc., it can be used to
measure these parameters. Possible applications of PXR
in polycrystals have been described for structure diag-
nostics due to the spectrum dependence on the medium
properties [10 - 14].

Parametric X-ray radiation in polycrystals (textured
polycrystals and powders) has been studied experimen-
tally since 1999 [15]. Several experiments were per-
formed subsequently, mainly in three experimental
facilities located in Russia and Japan. In Table are de-
scribed the main characteristics of the experiments. The
evolution of the experimental setup and the progress in
the comprehension of PXR from polycrystals can be
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observed. It is interesting to observe that unlike PXR in
crystals [3], PXR in polycrystals was generated only by
electrons.

The general scheme of the experiments is presented
in Fig. 1. Charged particles interact with polycrystalline
targets, then the radiation is registered at the observation
angle 0 for a specific value of the orientation angle .
The main characteristics of PXR in polycrystals were
studied manipulating the orientation angle and the ob-
servation angle.
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Fig. 1. Experimental scheme: @ — observation angle;

@ — orientation angle;
1l — normal to the target surface plane

In Fig. 2 is presented a spectrum of PXR in poly-
crystals. It was obtained after the interaction of a 7 MeV
electron beam with a tungsten polycrystalline foil when
0 = 180°. It can be observed that the intensity of the
PXR peaks changes when ¢ changes. Such behaviour
confirms that the target presents texture. Additionally,
theory affirms that in the analysed energy region, free
from background peaks (CXR or escape peaks), five
PXR peaks should manifest corresponding to crystallo-
graphic planes (110), (200), (211), (220), and (310).
However, in Fig. 2 only peaks from planes (200) and
(310) were reliably measured. This is the result of the
texture influence and it represented the main problem to
verify the theory. Unfortunately, it occurs with all kind
of metallic foils.
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PXR experiments in polycrystals
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Fig. 2. PXR from a tungsten textured polycrystalline foil
measured for two orientation angles ¢ = 2°
and ¢ =-10°

To solve this inconvenient, experiments with pow-
ders were performed [8]. Unlike metallic foils, powders
are constituted of randomly oriented grains. In this case,
the manifestation of all PXR peaks was reliably fixed as
shown in Fig. 3. The measurements were performed for
two observation angles to highlight that the PXR peaks
positions depends on 6.
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Fig. 3 PXR from tungsten powder measured
for observation angles of 8= 150° and 6 = 180°

The main differences of PXR from crystals and pol-
ycrystals can be observed in the spectra, the orientation
dependences and the intensity.

For example, the PXR spectrum from crystals pre-
sents only one peak and its harmonics while the spec-
trum from polycrystals presents a set of peaks from
different crystallographic planes. The case of texture
polycrystals can be regarded as a transition, then the
spectrum can present one or more peaks depending on
the texture degree. The dependence of PXR yield on the
orientation angle differs substantially also. The rocking
curve for crystals presents two peaks symmetrically
distributed around the specular condition at ¢ =y ', for
textured polycrystal metallic foils it was observed only
one peak at the specular condition and finally it is a
constant for polycrystals. The PXR energy peak de-
pendence on the orientation angle can be listed as the
last example of the differences. It changes for crystals
and textured polycrystals but remain a constant for pol-
ycrystals.

It is important to mention that despite the perspec-
tives to apply PXR in polycrystals some disadvantages
have been already reported. For example, it was pro-
posed [25] that polycrystals can be used instead of crys-
ISSN 1562-6016. BAHT. 2019. Ne4(122)

tals to generate quasimonochromatic X-ray beams be-
cause of a higher resistance to mechanical damage pro-
duced by the charged particle beam. However, it was
shown that the destruction of Si crystals is related to the
heating during one micropulse, if the micro pulse dura-
tion is smaller than 5 ps, currents of 300 mA can be
achieved [28]. Similarly, it was shown that the rocking
curves obtained by PXR are wider than those obtained
by commonly used diffraction methods because of the
influence of the initial angular divergence of the
charged particle Coulomb field [17].

Even though some limitations have been reported
additional studies should be performed to explore the
possibilities for applications and to clarify fundamental
questions such as the radiation formation length, the
differences in the diffraction mechanisms of virtual and
real photons and others.
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HNCCIEJOBAHUE NAPAMETPHYECKOI'O PEHTTEHOBCKOI'O U3J1TYUYEHUS
B ITOJIMKPUCTAJJIAX

B.U. Anexcees, A.H. Enucees, E.®. Hppubappa, U.A. Kuwjun, A.C. Kyoanukun, P.M. Haximyounoe

PaccmoTpeno mapamerpudeckoe peHTreHoBckoe u3nydenue (ITPH), Bo3HuKaromee mpy B3aMMOJICHCTBUY 3apsi-
KCHHBIX YaCTHII C MMOJUKPHUCTAILTYSCKUMH MUMICHAMH. [IpecTaBiieH 0030p COBPEMEHHOTO COCTOSIHHS HCCIIE0Ba-
Hus [IPU B monukpucramiax: CymecTBYIOIUX TEOPU, NEPCIEKTUB MPUMEHEHHSI U IPOBEIEHHBIX IKCIIEPUMEHTOB C

Y4YE€TOM PAa3BUTHSA OKCIICPUMECHTAJIbHBIX BO3MOJKHOCTEH.

JOCILIKEHHA TAPAMETPUYHOI'O PEHTTEHIBCBKOI'O BUITPOMIHIOBAHHS
B NOJIKPUCTAJIAX

B.I. Anekcees, A.H. €nucees, E.D. Ippioappa, 1.A. Kuungun, A.C. Kybankin, P.M. Hasxxcmyounos

PosrasiHyTo mapamerpuuHe peHTreHiBcbke BunpomiHioBanHs (IIPB), mo BuHMKae npu B3aemomii 3apsDKEHHX
YAaCTHHOK 3 MOJIKpUCTANIYHUMH MilneHsmu. [IpencTaBieno ornsia cydacHoro crany pocutimpkenss [IPB B nomikpuc-
TaJlaX: ICHyIOYMX TEOPii, MEPCHEKTUB 3aCTOCYBaHHS 1 MPOBEACHUX €KCHEPHMEHTIB 3 ypaxyBaHHSIM PO3BUTKY €KC-

TNIEPUMCHTAJIbHUX MOJKJIMBOCTEH.
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