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The aim of the work is to develop a method that allows X-ray
analysis using a synchrotron radiation wide spectral band
(polychromatic radiation) by EXAFS, PXD, SAXS, tomography.

This will make it possible to increase the number of photons in the
primary beam by 2-3 orders of magnitude and, accordingly, reduce
the time for determining the composition of the sample to
nanoseconds.

PXD, SAXS, tomography SAXS is currently experimentally
implemented at VEPP-3 / VEPP-4.

In this work, we propose optimizing the undulator parameters for
the implementation of the EXAFS and XANES method.

The scheme of SAXS experiment during

detonation of explosive trotyl with using a
polychromatic synchrotron radiation .
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The scheme of SAXS experiment during
detonation of explosive trotyl with using a
polychromatic synchrotron radiation .
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L - undulator length

AE = 2000 eV

Requirements for spectrum:

AE = 2000 eV % = 0.001
Requirements for detector:

2000 detector strips
Al =100 mm (50 mkm strip)

Requirements for undulator:
L-?4,-? K-? H-?



Undulator optimization
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The wavelength A of the radiation at the harmonic with the number n of
the undulator with the period A, at the electron energy E = ymc? is
equal to

where K is the undulator parameter proportional to the amplitude of
the undulator field.
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The width of the radiation line of an undulator of length L = NA, is do _ 1 _ A
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In this case, the relative frequency shift of neighboring harmonics is % = N%U, .e.,
N times higher than the spectral width of one harmonic (!). From here we find the
desired harmonic number%“ = L%‘). Then from (1) for 8= 0 it follows
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MWHMMaNbHaA HeobxoaMMaa aMnNanTyaa NOAs OHAYAATOPA
onpeaenaeTca n3 ycaoBma NPeBbILLEHNA AJTMHOM BOAHbI MONOBUHbI

KPUTUYECKOM ANUHbI BOHbI CUHXPOTPOHHOIO U3/Ty4eHUSA
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Example:

Aw
—=0002, 12=02um, L=2m y=6000

A smaller spectrum width is impossible, because the energy
spread of electrons is 0.001.

0,0107T-M _
B>=—"7—~05T (4)

K ~2,3. (5)

The undulator must satisfy conditions (4) and (5).



From (4) and (5) it follows:

K2 2 KO0,0107 T-
A, = ’;;’”C = ——— < 0,05Mm. (6)

Choosing A,, = 0.04 m we get

N =50

K2mmc? K0,0107T-m
B = = ~ 0,6T.
edy Ay

This is a very simple undulator, for example, with permanent magnets.



PSD detector optimization



The refracting optics using for spectrum
adaptation for space resolution of PSD detector
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Flash powder X-ray
diffraction



The aim of the work is to develop a method that allows X-ray phase analysis using a wide synchrotron radiation (SR) spectral band (polychromatic
radiation). This will make it possible to increase the number of photons in the primary beam by 2-3 orders of magnitude and, accordingly, reduce
the time for determining the composition of the sample to nanoseconds.

The relationship between the angular dependence of the scattering intensity of polychromatic radiation and the angular dependence of the
scattering intensity of monochromatic radiation by an object is described by the Fredholm equation of the first kind and is an incorrect task. The
solution of this equation in the case of significant experimental errors (which is inevitable in experiments with extremely high time resolution) is
quite problematic.

The idea of the method is to form a sharp short-wavelength boundary in the SR spectrum and approximate the X-ray diffraction pattern from the
polycrystalline sample by the sum of Gaussian peaks, which allows one to determine the intensities and interplanar distances from polychromatic
X-ray diffraction patterns using the procedure of minimization by peak parameters. Computer model experiments showed that in this case, the
initial values of the peak parameters to minimize are determined with sufficient accuracy for a successful procedure, and the errors in
determining the interplanar distances and their corresponding intensities are equal in order of magnitude to the errors associated with
traditional experiments.

The purpose of this work is the experimental implementation of the proposed method, debugging it on test samples and using fast processes to
study.

The work is aimed at methodological support of the fundamental task - obtaining previously inaccessible information about the atomic structure
of matter during fast processes (explosion, solid-phase reactions). The results obtained will allow us to determine such process parameters as
pressure, temperature, density and phase composition in the local region (several microns), as well as the dynamics of their changes in real
objects.

To date, obtaining direct structural information about the state of a substance during fast-moving processes and the dynamics of its change has
been impossible. This hindered the development of the theory of fast-flowing chemical reactions and processes occurring in matter during the
passage of the front of shock and detonation waves. The use of polychromatic synchrotron radiation (SR) opens up new possibilities and will
allow to obtain previously inaccessible information on the kinetics of phase formation in explosion products after passing through a detonation
wave.

Synchrotron radiation, as a source of x-ray radiation, has a number of unique properties, the main of which are a large flux intensity, which allows
the use of a very short exposure time (<1 ns), high periodicity in time (5-250 ns) and a small angular divergence. This compares favorably with SR
from ordinary x-rays and allows one to obtain a multi-frame picture of the density distribution in shock waves and in a detonating explosive with
good resolution when registering radiation passing through a substance. In addition, the registration of SR rays deflected by a small angle makes
it possible to extract information on density fluctuations in the measurement zone, which in carbon-containing explosives can be associated with
the synthesis of condensed carbon phases - ultrafine diamonds or low-density graphite-like substances.

This work was supported by RFBR grants # 19-29-12045, # 16-29-01050, # 14-03-00770 and Ministry of Science and Education of Russia grant #
AAAA-A17-117030310280-6.
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PucyHoK -1. KomnbloTepHoe mogennupoBaHue BOCCTaHOBAEHUA peHTreHorpammbl NaCl. U3 pacuetHoM gudpakTtorpammbl, NOyYeHHOMU C

MCNoNb30BaHUEM NOIMXPOMATUUECKOTO crneKTpa 6bila BOCCTAaHOB/IEHa AU pPaKTOrpamma, nosydyaemas npu UCNo/1b30BaHUA Y3KOiA

cneKktpanbHou nonocbl 0.8-0.81 A.

Picture 1. Computer simulation of the restoration of the x-ray NaCl. From the calculated diffractogram obtained using the polychromatic

spectrum, the diffraction pattern obtained using a narrow spectral band of 0.8-0.81 A was reconstructed.
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PUcyHOK -2. DKcnepumeHTanbHaA KpueBaa andpakumm ot PucyHoK -3. BocctaHoBneHHaA KpuBasa audpaKkumm ot bereHaTa

6ereHarta cepebpa, nonyuyeHHas Npu 3KCNo3mnuum 25 He

cepebpa, nonyyeHHas Npu 3Kcno3uuum 25 Hc.

Figure-2. Experimental diffraction curve from silver behenate | Figure-3. The reconstructed diffraction curve from silver behenate

obtained at an exposure time of 25 ns. obtained at an exposure of 25 ns.
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