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Cxema NoureHca anga manydyeHma BaBunosa-
YepeHKoBa
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Puc. 1.1. Cxema lNounreHca gna n3ny4vyeHus BaBunosBa- '-lepeHKOBa 3apsi)KkeHHas
yacTuua ABMXETCSH B OAHOPOAHOM cpefe Co CKOpPOCTbIo M . Chepuueckune BOJIHbI
n3ny4dyeHun, Bo36y)xaaeMoro yactmueu B cpepe, pacnpocrpaHmO'rcn n3 Touek P1-
P3, Nnpon3BOJIbHO PacnoJIoXKeHHbIX BAOJIb TPAEKTOPUU YacTuubl. U3nyueHue
BaBunoBa-HYepeHKoBa pacnpocTpaHSAeTCAa BAOJIb BeKTopa \/\
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The Huygens construction for generation of
PXR
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PXR as a diffraction of virtual photons
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Common schemes for generation of PXR
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U3mepeHune anddepeHumanbHbIX cBoucTB PXR.

Cxema 3KcnepuMeHTasribHOM YCTaHOBKN C QHEPIMen nyyka
anekTpoHoB 15.7-25.7 MaB.

V
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JdhdekTnBHaga nnowaab perucrtpauum Si(Li)
AeTeKTopa PeHTreHOBCKOIro U3ny4YeHuss co
CBUHLOBOM Anadparmou agmamMeTpom 3.7 MM
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CneKkTp peHTreHOBCKOIro U3ny4yeHus
U3MepeHHbIN npun 142.9 mpaa v aHeprum

anekTpoHoB 25.0 MaB wun3 moHokpuctanna Si
Shchagin A.V., Pristupa V.l., Khizhnyak N.A. Phys. Lett. A 148, 485-488 (1990).
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CneKTpbl PEHTreHOBCKOIro U3sfy4eHus
N3MepeHHbIe NPU pasfIUYHbIX yrnax NnoBopoTa
MULLEHN WU 3Heprum anekTpoHoB 25.0 MaB.
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SHepFI/II/I CNeKTpalibHbIX NMNAKOB B
3daBMCUMOCTW OT YyIJ1a NOBOPOTA KpUcCTarisia
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AdbdeKkT papa ona PXR.

CTpyKTypa BeKTOPOB OOpaTHOU pelleTKn MOHOKpUcTanna
KPeMHMSA B NSIOCKOCTU NeprneHANKYNsAPHOU BEKTOpY
obpaTtHoOM peweTkn ¢ nHaekcamu Munnepa . (-220)
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AbcontoTHbIn andhdepeHUunanbHbIN
Bbixoa uymcna kBaHToB [1IPUA B

crnekTparibHOM nuke B6in3un pedpriekca
Shchagin A.V., Khizhnyak N.A. Nucl. Instr. and Meth B 119, 115-122 (1996)
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AbconoTHbIn andhdepeHUunanbHbIN
Bbixoa umcna kBaHToB [1IPUA B

cneKkTpanbHOM NuKe BAanu ot pednekca
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YrnoBsoe pa3mep pedcdnekca NPU B

3dBUCUMOCTU OT JHEPIrmnun I3J1IeKTpoHOB.
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OndbdepeHumnanbHbin Boixoa NPU B
fieBOM M NpaBoOM MakCMMyMax B
3aBMCUMOCTU OT 3HEpPrumn 3Jy1IeKTPOHOB
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Angular distribution of the PXR yield at 90

d €(Jree. Fiorito R.B. et al, Phys. Rev. E 51, R2759-R2762 (1995).
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The setup for calibration of X-ray space
telescopes at distance 518 m
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X-ray flux intensity at distance 518 meters
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Fig. 2. X-ray flux intensity at the telescope aperture in units of
pquanta number per cm? per second as a function of quanta
energy for incident electron energies of 60, 120 and 180 MeV.
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X-ray locator based on the PXR for
control of nuclear materials U, Pu

PXR reflection
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. The number of K characteristic quanta
arriving in 1 sec at the 100 cm2 detector

from the U target of area 1 cm2.
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Production of PXR in a grain of a polycrystal. pav.

A.V. Shchagin, preprint http://arXiv.org/abs/physics/0105071 (2001); Bonpocbl aTOMHOW HayKu U

TexHUKU. Cepus «lMnasmeHHasa 3NeKTPOHUKA U HOBbIe MeToAbl yckopeHus» Ne4, 76-79 (2004).
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The relativistic particle beam passes through the radia-
tor R and generates radiation in a forward direction
(RFD). The RFD is going along the particle velocity vec-
tor V and passes through the polycrystalline foil P. One
of randomly aligned grains of the polycrystal with the
crystallographic planes and corresponding reciprocal
vector g is shown in the foil. The spectrometric X-ray
detector D is installed at observation angle 6 relative
to particle velocity vector. The observation direction is

shown by the unit vector Q . The detector can regisier
RFD diffracted by polycrystal at Bragg energies
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Experiment on PXR from textured
polycrystal at 150 MeV
REFER ring at Hiroshima University
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X-ray spectra from 10mkm thick Mo textured

pOIyCFyS’[al. Y. Takabayashi, I. Endo, K. Weda, C. Moriyoshi, A.V.
Shchagin,, NIMB B 243, 453-456 (2006).
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The yield and the spectral peak energy of

PXR from textured Mo polycrystal
NIMB B 243, 453-456 (2006).
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Fig

PXR may be extracted from long crystal.
Positive particle moves in channeling regime.
Multiple scattering is reduced
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Production of focused PXR by particles
channeling in a bent crystalline plate

Production of focused PXR by particles channeling in a bent crystalline plate. The side and front views are
shown in Figs. 1a and 1b, respectively. The particle beam is indicated by arrows p+. The particles are
channeling along the crystallographic planes denoted by the reciprocal lattice vector g. The single-crystal
plate is cylindrical in shape with a radius of curvature around the axis R. The wavy lines with arrows show
the direction of radiation propagation at the maxima of the PXR reflections. The PXR reflections from the
crystallographic planes denoted by the reciprocal lattice vector g1 are focused at points F1 and F2 on the
axis f. The PXR focused at points F1 and F2 is linearly polarized practically in the plane of Fig. 1b.

The PXR reflections from the crystallographic planes denoted by the reciprocal lattice vector g2 are going in
opposite directions and form virtual images of points F1 and F2.
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The Huygens construction for focusing
the PXR wave train
A.V. Shchagin, JETP Letters, 80, 535-540 (2004).
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Properties of CXR and focused PXR

iInduced by 70 and 450 GeV protons.
Si crystal size is 50*0.3 mm. X-ray detector
squareis 1 cm?

Table
Radistion CME 8i DHRA00) | DHR(E00) DMRr12 00)
Polarization Hao Lirwear Linear Linear
B v 174 £ Af 12.01 1037
(ARIE) g0 | 102107 1281077
(AEE), 21070 21070 21070
T in Si,pm 133 37 270 265
Protons o - 14207 | 138107 135107
0 eV
AF m : 142 126 125
165107 | ese.107F | 1e6.07F 1551077
GUTT
I——s
Protors ¥l . 524.107° | 318107 263.107°
450
e
AF : 524 318 263
194107 6.90.1077 | 332107 393.107
LD
fi——
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Diffraction and focusing of backward PXR

The backward-going PXR is generated on the crystallographic planes denoted by the reciprocal
lattice vector g3. It is shown by a horizontal wavy line with the arrow. Then it is diffracted on the
crystallographic planes denoted by the reciprocal lattice vector g2 and is focused at the axis f. The
angular path before the diffraction is géﬁZ /2 Shchagin, NATO ARW, Armenia 1994
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Properties of diffracted and focused backward
PXR induced by 70 and 450 GeV protons

Table

Fadiation £, Diftraction Frotons 70 GeV FProtons 450 GeV
from g keV from B
I gu;mf.:z I gu::mfcz
m -p+ i -p+
PR (44 f 46 (oam 330.10°12 336.107%
PER(ZED 12.91 (0E 3.26.10710 3.56.107"
PER(12120) 1937 (012 0% 632 .10711 272.107F
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Extraction of channeling radiation from a
long crystal

~‘:1 DChR

Positrons or other positive particles are channeling in a perfect crystal along the crystallographic
planes denoted by the reciprocal lattice vector g. They emit channeling radiation (ChR) going
along the particle trajectory. A part of the ChR of Bragg frequency is diffracted to the Bragg
direction relative to the crystallographic planes denoted by the reciprocal lattice vector g1. The
Bragg direction is shown by a dotted line. The angular distribution of ordinary PXR reflection is
shown schematically around the Bragg direction. The angular distribution of diffracted and
extracted DChR is shown along the Bragg direction.

The diffraction of channeling radiation was theoretically considered in: T. Ikeda, Y. Matsuda, H.
Nitta, Y.H. Ohtsuki, Parametric X-ray radiation by relativistic channeled particles, Nucl. Instr.
and Meth. B 115, 380-383 (1996).
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Focusing of channeling radiation

a N

Focusing of channeling radiation. Positrons or other positive particles are channeling along the
bent crystal in the crystallographic planes denoted by the reciprocal lattice vector g. They emit
channeling radiation along of the particles trajectory. The diffracted at crystallographic planes
denoted by reciprocal lattice vector g1 and extracted part of the channeling radiation (DChR) is
focused at point F3. The ordinary PXR reflection is focused at points F1 and F2 just as in Fig. 1.
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The PXR from a crystal undulator
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Generation of PXR reflections from the crystal undulator. The channeling particle emits crystal
undulator radiation (CUR) in the forward direction. Besides, it emits PXR reflections in Bragg
directions relative to different crystallographic planes of the crystal undulator. Only two sets of
crystallographic planes denoted by the reciprocal lattice vectors g1 and g2 as well as the related
Bragg directions and PXR reflections are shown in the figure.
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Extraction of crystal undulator radiation

Extraction of undulator radiation from the crystalline undulator. The diffracted and extracted
crystal undulator radiation (DCUR) is going along the Bragg direction. The PXR reflection is around
the Bragg direction for the crystallographic planes denoted by the reciprocal lattice vector gl1. The
frequency of CUR should satisfy to Bragg condition for these crystallographic plane.
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Focusing of crystal undulator radiation
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Diffraction, extraction and focusing of crystal undulator radiation. Positrons or other positive
particles are channeling along a cylindrically bent crystal undulator in the crystallographic planes
denoted by the reciprocal lattice vector g. They emit the CUR along of particles trajectory The
diffracted and extracted part of the crystal undulator radiation (DCUR) is focused at the point F3 at
axis f. The ordinary PXR reflection is focused at points F1 and F2 just as in Fig. 1. The CUR
frequency should satisfy to Bragg condition.

The focused PXR train will possess the periodical frequency and phase modulation with the period
determined by the crystal undulator period.
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Applications of PXR in experiments with
long crystal

. For high yield of PXR
. For focusing of PXR

. For proper alignment of the crystal undulator
and for control and monitoring of the
experiment

. For focusing of channeling and undulator
radiation

. For generation of wavetrains with phase
modulation
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for Your Attention !



