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Abstract:

When returning space carriers to Earth, there is a communication blackout that must be overcome.
The approach relies on the unique refractive - diffractive regime in which crystal optics operate.
Lightweight, rigid, and an easy-to-align design are only a few of the benefits of the crystal
arrangement compared to previously proposed approaches. All of these characteristics are crucial for
optics in outer space. Several options are shown and built upon, demonstrating the unique X-ray space
collimator's wide range of performance.
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Introduction

Beginning in the 1920s and 1930s, X-ray diffraction imaging (later called X-ray topography) was
used to reveal the internal makeup of individual Laue spots. Optical microscopes were used to expose
and examine fine grain photographic emulsions; due to its higher resolution, this technique is
frequently referred to by the term X-ray microscopy [1]. Defect mapping in almost perfect single
crystals [2] and stress mapping in cold-worked alloys of metals [3] were both accomplished using this
method.

It was believed that each dot on the film or detector corresponded to a tiny hole in the reflecting
crystal. The film has to be as close to the sample as possible, and the incoming X-ray beam needs to
be accurately collimated, all in the name of good old-fashioned geometrical optics. Therefore, the
detector's resolution limits the resolution to 500 nm [4], albeit in fact, it's closer to 1 m. Recent years
have seen an explosion of writing on the topic of "communication blackout™ [1, 2, 3, 4]. Spacecraft re-
entering Earth's atmosphere are likely to blame for the current communication blackout. When a
carrier body emits plasma, it disrupts Earth-to-spacecraft radio communications. X-rays with energy
about 10keV[5-8] are a potential alternative to radio frequencies to communicate during this liminal
period. There are several perspectives from which to investigate this matter. The most important
aspect is long-distance X-ray photon transmission from the spaceship to ground control. There are two
primary causes for the decrease in intensity.

Two things happen: first, the X-ray beam extends out because of air digestion, and second, its X-ray
beam itself diverges. The problem of absorbance may be solved if an adequate energy range is used.
The divergence problem may be addressed by collimating the radiation.
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The purpose of this research is to examine the processes involved in developing a crystal collimator
for X-ray space communications. Recent research has introduced total reflection optics and multilayer
coated optics for usage in various optical communication systems. These guidelines result in systems
that are cumbersome to manufacture because of their bulk, complexity, or all three. This article
discusses the possibility of constructing an X-ray collimator using diffractive-refractive optics (DR
optics) [9, 11].

The theory of X-ray DR optics is based on diffraction from a properly shaped (not curved) crystal.
The interaction between diffraction and refraction processes may result in modifications to the
diffracted light, such as focusing or collimation. It has been done earlier to sagittally concentrate
synchrotron radiation by the application of diffraction on a longitudinal parabolic groove by slicing
perfect crystals symmetrically or asymmetrically. The phenomenon of tilted diffraction is crucial in
this scenario. The electro-optic modulator has been the subject of extensive research for quite some
time. Many researchers in fields including fiber optics, coherent light transmission, and data
processing are interested in optical signals because of their wide range of potential applications [12].
They are contemplating switching from using electrical/electronic communications to optical ones as
a means of enhancing the present system of communication.There are now several distinct varieties of
optical communication systems under development. If light beams were utilized instead of
electronics, the number of conceivable communication networks would increase dramatically..

The improved usefulness of today's communication technology has contributed to its meteoric ascent
to popularity in recent times. Communication technologies have advanced in tandem with the
expansion of the electronic industry. Conventional electronic communication has made great strides
thanks to the miniaturization of electrical components to the nanoscale. This means that electrons may
potentially travel long distances in a short period of time, allowing for faster computations [13]. Every
new technical development aims first and foremost to make devices faster, more efficient, and less
reliant on power. This working speed is limited by the speed of the electron and the rising complexity
of microchips, which need more and more connections between electronic gates. As a result, the
maximum data rate that can be processed by even a highly fast electrical system is just a few Giga
bytes (Gb) per second. All-optical circuits must replace the traditional electrical ones to increase the
efficiency of a communication and computation system. UV and x-ray microscopy have gained in
popularity during the last decade. Beams from third-generation synchrotron radiation sources [1] are
suited for these applications due to their high brightness, minimal divergence, and almost
homogeneous spectrum at an energy that can be tuned over a range of several keV. When an
electromagnetic source is powerful enough (i.e., point-like and monochromatic), the optical
instrument designer and the greater community of experimentalists and theorists have access to
unexplored ground. This is in part due to the advancement of both the lensed microscope and x-ray
microscope [2,3]. Third-generation sources have sufficient time and space coherence for exploiting x-
ray diffractive optics approaching the diffraction limit, but innovative optical device design has not
advanced beyond basic focusing optics. Zone plates (ZPs) have been around for a while as a method
of focussing x-rays, but their commercial application has just begun within the past two decades [4,5].
That's because, although being invented over a century ago, implementing them has been a slow
process due to technological difficulties.
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Literature Review

Limin Jin et.al.,(2021) X-ray communication has been shown to be an important method for
interstellar communication and can also be used when a spacecraft passes through the plasma sheath it
encounters during its high-frequency descent into Earth's atmosphere. It is suggested that the emission
efficiency may be improved over the on/off control approach by using X-ray frequency modulation
instead. In the present study, an X-ray communication system was assembled using a magnetically
modulated two-target

H. N. Chapman et.al.,(2021) Both refractive lens and diffractive lens focusing solutions for hard X-
rays are examined. Wide refraction glasses, including complex refractive lenses or waveguide
gradients index refractive lenses, have focal length and primary plane variations with wavelength,
which we account for in a novel method in our study. A combination of such a thick refractive lens
and a multilayer Laue lens yields an achromatic system with a focusing precision of around 3 nm
throughout a relative bandwidth of about 1%. The separation of the optical and diffractive lenses
allows for the discovery of apochromatic systems that function at relative bandwidths greater than
10%. Without creating delays that exceed a few attoseconds, these configurations may be utilized to
focus short bursts of energy. Such apparatuses allow for both high-flux scanning microscopy plus the
production of powerful an X-ray pulses in the attosecond range.

Jaromir Hrdy et.al.,(2019) With longitudinal parabolic grooves manufactured on its diffraction
surface, the Bartel monochromator serves as the basis for the diffractive-refractive optics X-ray
crystal monochromator (IDL—inclined diffraction lens) that focuses in the sagittal plane. It is
recommended to adjust the groove profile such that it consists of two parabolic surfaces that are
laterally offset from one another. This monochromator produces two focused beams, one forward and
one slightly offset to the side. We also talk about how these optics may be used to lengthen pulses.

Proposed Work

We provide a space-saving method for performing diffraction imaging in which X-ray refractive
lenses are positioned in front of both the specimen and the detector. Transmission X-ray microscopy
using a comparable lens has been used to record a wavelength of 300 nm [12], and this might be
accomplished by introducing a refractive lens into the scattered beam. The lens may also be able to
correct for the progressive blurring created by the wavefront as it travels from the sample's surface to
the detector. This would result in the instantaneous mapping of changes in strength on the detector to
changes in reflectivity on the sample being restored. The dynamical diffraction processes that occur
inside a crystal place a cap on the theoretical maximum picture resolution that may be achieved there.
Fresnel zone plates have recently been put to use in X-ray reflect microscopy [13] to image
monomolecular steps on a solid surface. These plates have also been put to use in scanning X-ray
topography of stretched silicon oxide structures [14]. One of the benefits of CRLs is the efficient
focusing they provide at photon energy E greater than 10 keV. Because regular KB mirrors do not
satisfy the Abbe-sine criterion, they are incompatible with use in imaging systems. However, in order
to circumvent this geometry-based transmission constraint, more complex multi-mirror configurations
are now being researched and developed..

Methodology

The European Synchrotron Radiation Facility's ID06 beamline swayed throughout our investigation.
A liquid-nitrogen-cooled Si (111) monochromator, a 32-mm conventional in-air undulator, and an 18-
mm cryogenically-cooled permanent-magnetic in-vacuum undulator generated 11 keV photons. The
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high-purity Beryllium (Be) condenser focused photons onto the sample at 67.9 m from the source
(electron beam waist position in the middle of the two undulators). The enhanced flux on the imaged
sample region boosted system optical efficiency (X-ray attenuation inside the condenser-CRLs was
only 6%). The photon beam's divergence is barely impacted by the condenser CRL's one-to-one
magnification. Photons strike the specimen at 2 x 1012. Six-circle diffractometers evaluated the
material. The scattering plane and horizontal were perpendicular.

Z (rotation axis)
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imaging N
CRLs I
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Figure. 1. Experimental setup for Bragg diffraction microscopv. 11 keWV X-ravys impinge on
the sample

To ensure that the little sagittal divergence of the beam created by the left side of the collimator is
entirely balanced by the right side, the crystal arrangement seems to need to be symmetrical. As the
beam's sagittal divergence reduces from the first crystal to the last, however, the individual rays
eventually arrive at slightly different locations along the parabola after being diffracted. The issue
may be fixed by making a little adjustment to the parabola's a parameter for each diffraction surface.
The system is not totally symmetrical from the perspective of grooves, even though it is symmetrical
from the perspective of crystals. The spacing between adjacent diffracted surfaces might be adjusted,
but the grooves could be left unaltered. Alternatively, we may try elevating the value of K. With the
right selection of diffracting planes (H, K, L), we can carve out a groove at a precise angle in the
crystal's surface. For the diffraction (at the groove's base) to be asymmetric, the diffracting planes
must be positioned in a certain way. Significant advancements have been achieved in the area of X-
ray refractive optics since since the first proven [1] performance achieved by an X-ray composite
refractive glass (XCRL) for focusing a synchrotron radiation beams from a third-generation source. In
addition Numerous low-Z materials, including aluminum [2-9], beryllium [2,5,7,9], silicon [10-12],
and organic substances [2,5,13-14], have been subjected to experimental testing. Due to the lens's
cross-shaped cylindrical hole drilling, it is possible for it to focus in two orthogonal planes [2-4,15].
An attractive strategy [10, 12] is to use a planar refractive lens with a single or many concentric
parabolic profiles. Several advantages [6,8,9] may be gained by utilizing a prism with a parabolic
shape and symmetrical rotation around its optical axis for micro-imaging and two-plane focusing. The
development of refractive optics has been aided by a number of approaches, each with varying
degrees of success.
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Conclusion: In the paraxial approximation, we construct a diffraction theory for the creation of the
picture using parabolic X-ray composite refractive lenses. To shed light on the XCRL's imaging and
focussing abilities, we derive an analytical formula for the image propagator. For reasonably long
XCRLs of longitudinal dimension L, we create the improved thin lens approximation by factoring in
linear in L/F adjustments. The lens formula is satisfied, and transparent things at the image distance
become visible due to phase or edges enhanced imaging effects. These edge-enhanced pictures, we
discovered, are linked to the object-induced local phase gradient in the X-ray wave field. These
pictures also care about the direction of the phase difference. Since XCRL-based imaging is not the
same as the standard in-line phase contrast method, this distinction needs to be made. This creates a
brand-new avenue for microimaging of otherwise light-transmitting objects.
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