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Abstract 

X-ray measurements have a wide range of applications in fields such as basic science, high-

tech industries, medicine, and security. The ability of x-rays to penetrate deep into objects 

enables internal detection, and their high energy and short wavelength facilitate atomic-level 

analysis of internal samples. However, x-ray measurement poses challenges. The production 

of optical components like lenses and mirrors in the x-ray range is complex due to the very low 

refractive index in this range. 

During my PhD research, I developed novel imaging and spectroscopy methods that enhance 

the performance of standard techniques. I utilized ghost metrology, which employs single pixel 

detection and correlation. Through various experiments, I demonstrated its usefulness in 

diverse aspects within the x-ray regime. 

Firstly, in the field of imaging, I pioneered x-ray ghost imaging without the need for a camera. 

This experiment showcased the advantage of ghost imaging in terms of spatial resolution, 

which could be determined solely by the features of a mask. By implementing this technique, 

I opened up the possibility of achieving high-resolution x-ray imaging through a simple and 

practical system, as detailed in my first paper. 

In my second experiment, I developed a ghost fluorescent method. Instead of measuring 

transmission, I reconstructed chemical element maps by measuring the fluorescent emission. 

Compared to the standard XRF technique performed through raster scanning, my method offers 

the advantage of improved resolution and significantly reduced scan requirements using 

compressed sensing algorithms. In my second paper, I demonstrated that even with a tenth of 

the number of pixels, chemical mapping could be accurately reconstructed. This capability 

enables fast and efficient chemical mapping. 

My third paper emphasizes the strength of ghost metrology in the presence of inherent system 

noise. X-ray free electron lasers (XFEL) spectroscopy is a leading and highly relevant field 

that enables the observation of ultra-fast dynamics at the atomic level. However, pulse-to-pulse 

spectral variations challenge accurate spectrum measurement. In my experiment, I 

demonstrated the potential of utilizing these variations for ghost modality in the spectral 

domain. I showed that by employing ghost spectroscopy, it is possible to overcome the trade-

off between duration and resolution. This technique, which combines a straightforward system 
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with exceptional capabilities, allows for the measurement of effects that are at the forefront of 

research. 

In conclusion, the utilization of ghost metrology offers numerous advantages in the x-ray 

regime, particularly in the fields of imaging, fluorescence, and spectroscopy. Although further 

development is necessary, these capabilities possess the potential to become powerful tools for 

measuring currently unquantifiable effects. 
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Chapter 1: Background 

1.1 X-ray strengths  

On November 8, 1895, Wilhelm Conrad Röntgen made the groundbreaking discovery of x-ray 

radiation in his laboratory at the University of Wurzburg. Just six weeks later, he published his 

famous paper [1], featuring the iconic image of his wife's hand shown in Figure 1(A). The 

remarkable ability of x-rays to penetrate the human body quickly led to their development as a 

powerful tool for medical and security imaging, which continues to serve the industry and 

hospitals to this day. It took nearly a decade to establish that x-ray radiation is part of the 

electromagnetic wave spectrum [2], and due to their high frequency, x-rays can penetrate 

materials containing light atoms to significant depths. 

 

 

Figure 1: (a) First demonstrations of x-ray imaging, (b) diffraction, and (c) the renowned Moseley 

table illustrating the dependence of fluorescence radiation on the atomic number. 

 

While Röntgen initially explored the penetration capabilities of x-rays, he likely had no idea 

how extensively they would revolutionize the world. Around twenty years after his seminal 

paper, in 1912, Max von Laue demonstrated the ability to measure diffraction from atomic 

structures [3]. This phenomenon was later explained by the father-son duo Bragg, attributed to 

the extremely short wavelength of x-rays [4]. This marked the birth of crystallography, which 

would eventually lead to the revelation of DNA's helical structure in the 1950s [5], serving as 

the cornerstone of all biological research. The first x-ray diffraction pattern is depicted in Fig. 

1(B). 
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The strong correlation between diffraction angle and wavelength allowed Bragg and Bragg to 

develop the x-ray spectrometer, which enabled Henry Moseley to discover that the emitted x-

ray radiation from each chemical element is a unique energy proportional to its atomic 

number [6]. This ability facilitated easy detection and exploration of the elemental composition 

of materials, finding applications in a wide range of research and industrial fields. The 

renowned Moseley table is presented in Figure 1(C). 

However, the unique emission spectrum not only serves as a means to identify chemical 

elements but also provided details about the electronic structure of the atom. Thus, it was the 

first experimental evidence for Niels Bohr's theory [7], as demonstrated by Moseley's work  [6]  

and later by Manne Siegbahn [8]. This marked the birth of x-ray spectroscopy. 

The power of x-ray radiation is underscored by the fact that all the individuals mentioned 

above—Röntgen, the Braggs, Laue, Siegbahn, as well as Watson, Crick, and Bohr—were 

awarded Nobel Prizes for their inventions (although, unfortunately, Moseley died in World 

War I, otherwise he likely would have been awarded as well). The remarkable capabilities of 

x-rays were revealed over a century ago, but significant progress has since been made with the 

development of powerful x-ray sources, taking the capabilities of x-rays to new heights. 

1.2 X-ray sources  

Röntgen initially used a simple anode in his experiments. The process involved applying a high 

voltage to generate a beam of electrons that would strike the heavy-element anode. The core 

electrons would be ejected, and electrons from higher energy levels would transition to the core 

level, resulting in the emission of x-ray radiation. This method proved effective for basic 

imaging and spectroscopy systems but had its limitations. The anode would heat up rapidly, 

leading to a short lifespan and limited flux. Furthermore, the energy distribution was restricted 

to a single emission line. 

Although several improvements have been made to anode capabilities over the years, a 

significant advancement came with the invention of synchrotron radiation in the late 1960s. In 

a synchrotron beamline, electrons are guided along a circular trajectory by a constant magnetic 

field, generating x-ray radiation. While an anode can achieve a brilliance of 1015 [c.p.s / 

(mrad2mm20.1% BW)] the brilliance of fourth-generation synchrotrons can be ten orders of 

magnitude higher. Additionally, synchrotrons offer a broad range of energies that can be 

controlled by the machine's properties. The powerful capabilities of synchrotrons opened up 

new avenues of exploration in previously uncharted territories. A notable example is Ada 

Yonath's Nobel Prize-winning research on Ribosome mapping in 2009  [9]. Another field that 
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emerged due to synchrotron radiation is the analysis of fine structures in x-ray absorption and 

emission spectra, which provides valuable information about atomic interactions with the 

molecule. 

 

 
Figure 2: Evolution of x-ray sources. Credit -  [10] 

 

While synchrotrons have been instrumental for many researchers, they still have limitations in 

terms of coherence and flux. A significant development occurred a decade ago with the first 

X-ray free-electron laser (XFEL) [11]. In XFELs, a relatively long indulator serves instead of 

a cavity, and the interaction between a bunching electron beam propagating at relativistic 

velocity and the radiation emitted from electron fluctuations leads to radiation amplification, 

resulting in a powerful and short pulse. XFEL radiation offers a brilliance of approximately 

1035 [c.p.s/(mrad2mm20.1% BW)], pulse durations close to the attosecond range, and higher 

transverse coherence compared to other sources. As a result, XFELs are crucial for 

investigating ultrafast dynamic processes at the molecular and atomic levels and have the 

ability to perform x-ray diffraction on sensitive samples without adversely affecting them. 

1.3 X-ray challenges 

While the abilities of x-rays are remarkable, there are inherent challenges when dealing with 

high-energy photons. As discussed earlier, x-ray photons interact with atoms due to their 

energy being on the same scale as ionization energy. While this interaction is useful, it can also 
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be hazardous as it damages atoms and poses risks to the human body or other sensitive 

biological samples. 

However, the main limitation arises from the extremely low refractive index in the x-ray 

regime. The difference in refractive index between x-rays in a material and in a vacuum is 

approximately 10-6, making it exceptionally challenging to manipulate and control x-rays. 

Traditional refraction lenses are non-existent, Mirror cavities are not optimal, and light 

modulators remain a distant aspiration. 

Consequently, optical devices in the x-ray regime differ significantly from those in the optical 

regime. Even more than a hundred years after Röntgen's experiment, fundamental limitations 

persist in x-ray applications, even with the use of powerful sources. Therefore, methods 

proposing simpler setups hold immense promise. In the following two chapters, I will describe 

some of these limitations and discuss how my approach addresses them. 
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Chapter 2: Introduction 

In the previous chapter, I provided a general overview of the strengths and challenges of x-ray 

detection, as well as various x-ray sources. In this chapter, I will introduce the method of ghost 

metrology (GM) that I employed to address these challenges. Firstly, I will provide a general 

explanation of GM. Subsequently, I will delve into three distinct x-ray applications, 

highlighting their limitations and how GM can offer valuable assistance. While I will provide 

a general understanding of why GM is beneficial here, a more detailed description of the 

experiments I conducted and the benefits I demonstrated will be presented in the following 

chapter. 

2.1 Ghost metrology  

GM, correlation measurement, structure illumination, compressive sensing, and single-pixel 

detection are different terms used to describe the same fundamental idea. Initially, GM was 

explored as a quantum entanglement effect  [12], but it was later discovered that it can be 

achieved classically [13], offering numerous advantages [14] even when using thermal source. 

A typical setup for spatial domain ghost imaging (GI) is illustrated in Figure 3. A structured 

beam is split into two identical beams: one passes through the sample and is detected by a 

single-pixel detector, while the other is measured by a multi-pixel detector. By repeating this 

process for various structures, the sample can be reconstructed using a correlation protocol. 

 

 

Figure 3: Experimental setup for traditional ghost imaging. A homogeneous beam passes through a 

mask to create a unique structure. The beam is then split into two arms: one where the multi-pixel 

detector measures the spatial distribution after propagation, and the other where the beam interacts 

with the object and is detected by a single-pixel detector. Through a correlation protocol, the 

transmission image of the object can be reconstructed.  
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Ghost imaging has primarily been investigated in the optical regime [15], and researchers have 

demonstrated its applicability in various domains such as 3D  [16], temporal  [17], 

spectral [18–21], and polarization  [22]. Furthermore, it has been implemented using different 

types of radiation, including radio waves  [23], infrared  [24], terahertz  [25], electrons  [26], 

and atoms  [27]. The first experiment reporting GM in the x-ray regime was conducted in 

2016  [28], opening up a promising area of research [14]. In my work, I experimentally 

demonstrated the utility and effectiveness of GM in this range, leveraging its unique advantages 

to address specific limitations, as elaborated upon below. 

2.2 X-rays applications   

At first glance, performing measurements with a single-pixel detector may seem cumbersome. 

It would be more straightforward and faster to directly measure the data using a multi-pixel 

detector located behind the object. However, it has been discovered that there are specific 

scenarios where GM offers significant advantages. In the following sections, I will present the 

experiments I conducted to demonstrate the potential of GM in x-ray imaging, fluorescence, 

and spectroscopy. I will provide the motivation behind utilizing GM in each of these 

techniques. 

2.2.1 X-ray imaging with tabletop source 

X-ray transmission imaging relies on a simple setup where an x-ray beam passes through the 

object, and a camera detects the photons per pixel. In regions of the spatial position where an 

absorbing sample is present, fewer photons are detected. X-rays offer advantages such as 

relatively long penetration depth compared to electrons and the potential for high resolution 

due to their short wavelength, which could theoretically reach angstrom scale. 

However, a fundamental challenge in x-ray imaging is the absence of high-quality lenses. 

While techniques have been successful in imaging nanoscale objects using high coherence 

sources like synchrotrons or free-electron lasers [29,30], these methods are not practical for 

medical or security applications. Without lenses, the image resolution is limited by the pixel 

size, which is determined by production capabilities. 

Through the utilization of GM, I have demonstrated that the resolution can be solely determined 

by the features of the mask. This approach is implemented using computational ghost imaging 

(CGI), where the illuminated structure is known  [13,31], eliminating the need for a multi-pixel 

detector. In my research, I proposed and validated the effectiveness of using a fabricated mask 
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to generate the illuminated structure, resulting in spatial resolution dependent solely on the 

feature size of the mask. While industry-standard x-ray machines typically achieve resolutions 

of 200 microns, I achieved resolution of around few microns. 

2.2.2 X-ray fluorescence imaging 

Since Moseley's groundbreaking work, x-ray fluorescence (XRF) has emerged as a powerful 

technique for identifying and mapping the chemical compositions of samples. The process is 

as follows: X-ray radiation is used to excite bound electrons in a sample. When the electrons 

return to their ground state, x-ray radiation at lower photon energies that correspond to the 

characteristic atomic lines is emitted. The spectrum of this emitted radiation, known as the 

fluorescence spectrum, can then be used to identify and characterize the composition of the 

sample. 

Since the fluorescence radiation is omnidirectional, two-dimensional chemical mapping is 

challenging and cannot be performed directly by a camera. Typically, the beam is focused in 

conventional XRF, and a raster scanning approach is employed to scan the sample point by 

point. However, it is time-consuming and limited by focusing capabilities at high photon 

energies. In my research, I proposed an alternative method inspired by GI. By measuring the 

fluorescence signal using an energy-resolved detector instead of the transmission signal, I 

reconstructed a two-dimensional chemical map, and two key advantages were demonstrated. 

Firstly, the resolution is determined by the mask's feature size, unlike spot size limitations in 

standard XRF. Second, by employing compressed sensing [32] or artificial intelligence  [33], 

the number of repetitions can be significantly reduced, shortening the measurement time 

compared to raster scanning. This approach maintains the flexibility of standard XRF, allowing 

the detector to be positioned anywhere around the sample, including in reflection, and enabling 

the use of a one-sided apparatus. 

2.2.3 X-ray spectroscopy at XFEL 

Short-wavelength spectroscopy plays a crucial role in determining the electronic structure of 

materials, providing valuable element-specific insights into charge and spin structures, as well 

as bonding configurations. This information is essential for understanding the functionality of 

materials [34]. When applied in free-electron lasers (FELs), x-ray and extreme ultraviolet 

(XUV) spectroscopy enable the study of dynamic processes through pump-probe schemes [35]. 

However, FEL pulses generated via self-amplified spontaneous emission (SASE) typically 

exhibit broad bandwidths with random variations in pulse energy and spectra from shot to shot. 
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Consequently, it becomes necessary to measure the spectra both before and after the sample on 

a shot-to-shot basis. An alternative approach for conducting absorption spectroscopy with FEL 

radiation involves using narrowband radiation and measuring the total transmitted intensity 

after passing through the sample. 

The broad bandwidth pulse strategy offers several advantages, such as the ability to measure 

broad spectra ranges without the need for scanning the central emission wavelength and higher 

flux availability. Therefore, this approach can be significantly faster than the narrow bandwidth 

approach. Unfortunately, simultaneously employing two single-shot spectrometers is 

challenging and time-consuming, as they rely on crystals or gratings and are highly sensitive 

to angles. Furthermore, this approach is limited to transmissivity samples. 

In this context, the variability of pulse characteristics from shot to shot makes GM an attractive 

solution. By employing GM in the spectral domain, the radiation spectrum incident on the 

sample is measured and correlated on a shot-by-shot basis with the intensity detected by a post-

sample detector. By utilizing multiple input pulses with varying spectral distributions, the 

absorption spectrum of the sample can be reconstructed. 

This setup involves only one spectrometer positioned in front of the sample, along with a 

single-pixel detector without spectral resolution placed behind it. In my experiment, I directly 

compared the measurement times and spectral resolution of our approach with those obtained 

through scanning the central emission wavelength of the SASE and using a monochromatic 

beam. The results showed that utilizing variations allowed for faster reconstruction of the 

absorption spectrum compared to the scanning approach, while also achieving higher spectral 

resolution.  
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Chapter 3: Experimental details  

In the previous chapter, I discussed the motivation behind utilizing GM for imaging, 

fluorescence, and spectroscopy. In this chapter, I will focus on the practical aspects. I will 

discuss the reconstruction protocol, experimental setup, and present the main results obtained. 

For more comprehensive and detailed information, I recommend referring to the articles below. 

3.1 Ghost metrology protocol 

I will begin by explaining the fundamental protocol that is common to all applications. The 

single-pixel signal is represented by a vector T, while the different illuminated structures are 

represented by a matrix A, where each row corresponds to a specific structure. The vector x 

represents the unknown sample response, and thus the vector T is obtained as the product of 

the matrix A and the vector x: 

𝐀𝐱 = 𝐓 

Essentially, this equation forms a linear system. Therefore, if the number of rows in matrix A 

is equal to or greater than the number of elements in vector x, we can straightforwardly solve 

this problem. This implies that we need a number of repetitions equal to or greater than the 

number of pixels in the reconstructed sample. However, by utilizing a sparsity constraint, the 

equation can be solved using fewer equations than values, thereby reducing the required 

number of repetitions. This is the underlying principle of compressed sensing, which 

encompasses various algorithms. In my work, I employed the TVAL algorithm [36], which 

focuses on sparsity in the variation rather than the signal itself. 
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Figure 4: The GM experimental setups, depicting the different representations within the basic 

equation of GM. Although the equation Ax = T remains the same for all experiments, the variables 

represent different measurements in each case. 

 

All three experiments I conducted can be represented using the same procedure and protocol. 

However, they are implemented in different domains. Fig. 4 provides a comprehensive 

representation of each method and its corresponding variables. 

3.2 Methods and results 

While the GM protocol remains consistent across all experiments, each experiment presents 

unique challenges and the innovation in the results pertains to specific fields. In this section, I 

will elucidate the challenges encountered in each experimental setup and highlight the main 

findings, which are depicted in Figure 5.  

 

Figure 5: Experimental results of x-ray GM. (A) Transmission function showing two slits of sizes 50 

and 80 microns reconstructed by x-ray computational ghost imaging. (B) Two-dimensional chemical 

mapping of Iron and Cobalt thin foils reconstructed using x-ray ghost fluorescence. (C) Absorption 

spectra of SiC, SiN, and pure Si molecules reconstructed using ghost spectroscopy at XFEL. For more 

detailed information, please refer to the corresponding papers. 

 

3.2.1  X-ray computational ghost imaging 

The first demonstration of x-ray ghost imaging [28] utilized the conventional approach of 

splitting the beam with a beam splitter and capturing the spatial distribution using a camera. In 

my experiment I performed the first demonstration of computational GI where the spatial 

distribution (the matrix A) is calculated by the propagation from fabricated mask. Thus, the 

splitting and the camera are not required. While computational GI is very easily implemented 

on the optical regime by a spatial light modulator, these devices are not existing in the x-ray 

regime. I designed and fabricated a mask with two microns features and I show in the 

experiment that I can reconstruct a slit of 50 and 70 microns with a resolution of few microns 
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as presented in figure 5(A). This milestone represents a breakthrough in achieving enhanced 

resolution through structure illumination in the x-ray regime, where spatial light modulators 

are not readily available. 

3.2.2 X-ray ghost fluorescence 

In this experiment, I expanded the application of x-ray GI to fluorescence imaging by detecting 

the fluorescence radiation instead of measuring the transmission intensity. For each iteration, I 

measured the total intensity of each emission line (the vector T) and reconstructed each element 

separately. I demonstrated this approach using a sample containing Iron and Cobalt. After 

successfully reconstructing each element, I overlapped them, visually representing Iron in red 

and Cobalt in green as shown in figure 5(B). The significant advantage of this method is the 

ability to achieve high-quality reconstructions with a reduced number of scanning points 

compared to traditional raster scanning. I demonstrated that even by using number of iterations 

that is tenth of the number of pixels, I could reconstruct the sample with a resolution of 

approximately 30 microns, which can be further improved with better masks. This research 

opens up new possibilities for advanced imaging techniques, extending the capabilities XRF to 

various fields, including medical imaging and security applications. 

3.2.3 X-ray ghost spectroscopy 

In this experiment, I conducted the GM protocol at two different XFEL facilities: FERMI 

XFEL using XUV radiation, and the Swiss XFEL using hard x-rays. The paper included in this 

thesis focuses on the results obtained with XUV radiation, while the results from the Swiss 

XFEL are currently being analyzed. Unlike the previous experiments where the GM protocol 

operated in the spatial domain, this experiment operates entirely in the spectral domain. The 

variables A, x, and T represent spectral components. 

A significant distinction here is that instead of using a mask to create the structure, the 

variations are inherent to the XFEL SASE process. One of the main challenges in implementing 

the GM protocol in this context was dealing with the presence of an envelope in the variations. 

To ensure accurate results, it is crucial for the variations to be random and devoid of any 

envelope. To address this challenge, I developed a new protocol detailed in the third paper to 

effectively clean up the envelope.  

In addition to demonstrating the reconstruction of different molecules, I also emphasized the 

superior performance of ghost spectroscopy compared to other techniques. For the same 

spectral range, scanning with broadband radiation required 15 steps with a resolution of 500 
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meV. On the other hand, employing monochromatic radiation necessitated 51 steps, resulting 

in a resolution of 75 meV. In contrast, using ghost spectroscopy, I achieved spectrum 

reconstruction with just 15 scanning steps and a resolution of 35 meV. Furthermore, I employed 

ghost spectroscopy to monitor the spectral response of the sample to optical pumps. In this 

scenario, the measurement duration is crucial due to the need for repeating the process for each 

time delay.  

Given that most XFELs operate with SASE radiation, we anticipate that our technique will 

have broad applications in ultrafast-transient absorption measurements at high photon energies. 
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Chapter 4:  Publications  

My thesis comprises three publications that detail the three experiments I mentioned above. 

The first publication focuses on computational ghost imaging, demonstrating the spatial 

resolution advantage of GM. The second publication, on ghost fluorescence, showcases the 

additional benefit of using GM to reduce measurement duration for fluorescence imaging. 

Lastly, the third publication on ghost spectroscopy highlights the use of natural spectral 

variations at XFEL to overcome the trade-off between resolution and measurement duration in 

XAS measurements. These three experiments collectively showcase the capabilities and 

advantages of GM in various imaging and spectroscopy applications. 
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 תקציר

בטחה ועוד מגוון רחב טק, רפואה, א-חישה באמצעות קרני רנטגן היא כלי שימושי ביותר למדע בסיסי, תעשיית ההיי

של תחומים. היכולת של קרני הרנטגן לחדור לעומק החומר מאפשר ניטור של עצמים שבכל תחום אחר הם בלתי 

ומית. הן ניתן לנתח אלמנטים פנימיים ברזולוציה אטנראים. נוסף לכך, בזכות האנרגיה הגבוהה ואורך הגל הקצר של

עם זאת, המדידה בתחום הזה מאתגרת. ייצור של רכיבים אופטיים כמו עדשות ומראות הוא מורכב בשל מקדם 

 .השבירה הנמוך מאוד בטווח זה

קות בעבודת הדוקטורט שלי, פיתחתי שיטות הדמיה וספקטרוסקופיה חדשות המשפרות את הביצועים של הטכני

ם הסטנדרטיות. השתמשתי בחישה קורלטיבית, שמבוססת על מדידה על ידי פיקסל בודד וחישובי קורלציה. בניסויי

 .שונים שביצעתי, הדגמתי את היתרונות של שיטה זו דווקא בתחום הרנטגן

היתרון  ראשית, בתחום הדימות, הדגמתי בפעם הראשונה חישה קורלטיבית ללא צורך במצלמה. ניסוי זה הראה את

יקה של חישה קורלטיבית בהיבט של רזולוציה מרחבית, בכך שהרזולוציה נקבעת רק על ידי גודל תבנית במסכה. טכנ

זו פותחת את האפשרות לדימות רנטגן ברזולוציה גבוהה באמצעות מערכת פשוטה ופרקטית, כפי שפורט במאמר 

 .הראשון שלי

יפוי סנטי. מדדתי פליטה במקום העברה ועל ידי כך יכולתי לבצע מבניסוי השני שלי פיתחתי שיטה לדימות פלואורו

דו ממדי של אלמנטים כימיים. בהשוואה לטכניקה הסטנדרטית המבוצעת באמצעות סריקה, השיטה שלי מאפשרת 

שיפור ברזולוציה, ובנוסף, על ידי שימוש באלגוריתמים של חישה דחוסה ניתן גם להפחית משמעותית את זמן 

מאמר השני שלי, הדגמתי שאפילו עם מספר סריקות קטן פי עשר ממספר הפיקסלים שבתמונה, ניתן המדידה. ב

 .לשחזר במדויק את התמונה הכימית. יכולת זו מאפשרת מיפוי כימי מהיר ויעיל

המאמר השלישי שלי מתמקד בהדגשת היתרון של חישה קורלטיבית כאשר ישנו רעש מובנה במערכת. 

 רנטגן היא תחום מוביל ורלוונטי ביותר, המאפשר ניטור של תהליכים מאד מהירים ברמה ספקטרוסקופיה בלייזר

 האטומית. עם זאת, שינויים ספקטרליים בין הפולסים של הלייזר מקשה מאד על מדידת הספקטרום. בניסוי שלי,

ן לבצע מדידות הראיתי שניתן להשתמש בווריאציות האלו לביצוע חישה קורלטיבית בתחום הספקטרלי. כך, נית

ברזולוציה ספקטרלית גבוהה ובזמן קצר. טכניקה זו, המשלבת מערכת פשוטה עם יכולות יוצאות דופן, מאפשרת 

 .מדידת אפקטים בחזית המחקר שטרם נמדדו

לסיכום, השימוש בחישה קורלטיבית מציע יתרונות רבים בתחום הרנטגן. הניסויים שביצעתי בדימות 

 להפוך לכלים רבי עוצמה למדידת אפקטים שלא נמדדו עד היום.וספקטרוסקופיה, יכולים 
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