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Abstract 

X-ray spectrometry is a very important tool for scientific analysis. Whereas 

the earliest demonstration experiments were completed within the laboratory, 

with the arrival of cyclotron lightweight sources most of the experiments 

shifted to massive scale cyclotron facilities. Within the recent past there's 

associate raised interest to perform X-ray experiments conjointly with in- 

house laboratory sources, to alter access to X-ray absorption and X-ray 

emission spectrometry, particularly for routine measurements. Here we tend 

to summarize the recent developments and touch upon the foremost 

representative example experiments within the field of in-house laboratory X- 

ray spectrometry. We tend to 1st offer associate introduction and a  few 

historic backgrounds on X-ray spectrometry. This is often followed by an 

outline of the detection techniques used for X-ray absorption and X-ray 

emission measurements. A brief paragraph conjointly puts connected high 

energy resolution and resonant techniques into context, although they're not 

however possible within the laboratory. At the top of this section the 

opportunities mistreatment wavelength dispersive X-ray spectrometry within 

the laboratory area unit mentioned. Then we tend to summarize the relevant 

details of the recent experimental laboratory setups split into 2  separate 

sections, one for the recent von Hamos setups, and one for the recent 

Johann/Johansson kind setups. Following that, absorption on chemistry and 

chemical change, we tend to then summarize a number of the notable X-ray 

absorption and X-ray emission experiments and also the results accomplished 

with in-house s etups.  In  an  exceedingly  third  half  we  tend  to  then 
 

 

discuss some 
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applications of laboratory X-ray spectrometry with a selected specialize in 

chemistry and chemical change. [01] 
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INTRODUCTION 

X-rays are unit KeV photons. Atomic X- 

rays area unit emitted throughout 

electronic transitions to the inner shell 

states in atoms of modest variety number. 

These X-rays have characteristic energies 

associated with the atomic number, and 

every component so features a 

characteristic X-ray spectrum. During this 

experiment you will use a high resolution 

solid-state X-ray detector to record the 

characteristic spectra of many elements, 

repeat  the  pioneering  work  of  Moseley 

relating X-ray energies to number, and 

also explore the employment of X-rays as 

a diagnostic tool for sample identification. 

[02] 

 

PRINCIPLE OF X-RAY 

SPECTROSCOPY 

XRF works on strategies involving 

interactions between negatron beams and 

x-rays with samples. It is created attainable 

by the behavior of atoms once they move 

with radiation. 

 
 

 
 

[Fig.1 the Alpha Particle X-Ray spectrometer on the Mars Rover] 
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Once materials square measure excited 

with high-energy, short wavelength 

radiation (e.g., X-rays), they will become 

ionised. When Associate in nursing 

negatron from the inner shell of Associate 

in nursing atom is worked up by the 

energy of a gauge boson, it moves to a 

better energy state. 

 

When it returns to the low energy state, the 

energy that it antecedently gained by the 

excitation is emitted as a gauge boson that 

incorporates a wavelength that's 

characteristic for the component (there can 

be many characteristic wavelengths per 

element). 

 

Thus atomic X-rays emitted throughout 

electronic transitions to the inner shell 

states in atoms of modest number. These 

X-rays have characteristic energies 

associated with the number, and every 

component thus incorporates a 

characteristic X-ray spectrum which might 

be wont to establish the component. 

 

When Associate in nursing atom is 

unstable or is bombarded with high-energy 

particles, its electrons transition from one 

energy state to a different. Because the 

electrons regulate, the component absorbs 

and releases high-energy X-ray photons in 

an      exceedingly      manner      that      is 

characteristic of atoms that frame that 

specific element. X-ray spectroscopic 

analysis measures those changes in energy 

that permits scientists to spot parts and 

perceive however the atoms at intervals 

varied materials move. 

 

There square measure 2 main X-ray 

spectroscopic analysis techniques: 

wavelength-dispersive X-ray spectroscopic 

analysis (WDXS) and energy-dispersive 

X-ray spectroscopic analysis (EDXS). 

WDXS measures the X-rays of one 

wavelength that square measure diffracted 

by a crystal. EDXS measures the X-ray 

radiation emitted by electrons stirred by a 

high-energy supply of charged particles. 

 

In each technique, however the radiation is 

spread indicates the atomic structure of the 

fabric and so, the weather at intervals the 

article being analyzed. 

 

X-RAY SPRECTRA OF THE 

ELEMENT 

Energetic Electronic Transition 

In the simplest model of electronic 

transitions in hydrogen-like atoms, 

associate lepton loses energy by moving 

between states with principle quantum 

numbers n initial and n final, and a gauge 

boson is emitted with energy 
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In complicated atoms, the inner shells stay 

hydrogen-like, thus we have a tendency to 

might still use this formula as long as ni 

and nf area unit little. the only necessary 

correction is to account for the actual fact 

that electrons of a given ni don't see the 

complete charge of the nucleus as a result 

of it's obscured by the electrons in lower 

lying shells. This reduces the Z by some 

effective screening factor s, thus: 

 

In complicated atoms, the inner shells stay 

hydrogen-like, thus we have a tendency to 

might still use this formula as long as ni 

and nf area unit little. The only necessary 

correction is to account for the actual fact 

that electrons of a given ni don't see the 

complete charge of the nucleus as a result 

of it's obscured by the electrons in lower 

lying shells. This reduces the Z by some 

effective screening factor s, thus: 

 

If s is little and Z is bigger than ten, the 

standard gauge boson energy is of order 1 

KeV, these area unit X-rays. There’s 

conjointly a well-defined relationship 

between the gauge boson energy and also 

the number. As a selected example, for the 

transitions from a pair of ni = 2 to nf=1 

(which area unit otherwise referred to as 

referred to as transitions), we expect 

 

Given  measurements  of  the  Kα  X-ray 

energies for a series of parts, a plot of the 

root of the energy vs. Z ought to be a line 

with slope that measures the ionization 

energy of atomic number 1, and intercept 

that measures the screening issue for two--> 

one transitions. Once the screening issue is 

understood, the Kα X-ray energy are often 

wont to calculate the Z of any unknown 

sample. 

 

The logic of this regularity within the X- 

ray spectra was initial set out by H. G. 

Moseley in  1913,  and  he used  it to 

ascertain the existence of the atomic 

numbers, resolve the inconsistencies 

within the placement of Co vs. Ni, and Ar 

vs. K within the tabular array (which, 

before now, had been organized by atomic 

weight), and predict the existence of recent 

unseen parts at Z=43, 61, 72, and 75. 

 

Moseley conjointly discovered the 

expected arrangement of the X-ray lines 

into families reflective the combinatorics 

in nf and ni. A chart of the K, L, and M 

families   is   shown   at   the   highest   of 

subsequent page. The K X-rays area unit 
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the varied transitions to nf = 1: Kα is that 
 

 
 

 
 

 

The L lines area unit transitions to nf = 2, 

and also the M lines area unit transitions to 

nf = 3. Note that with terribly high 

resolution it's attainable to envision the 

spin-orbit splittings. As an example, as 

you'll see in Fig. 2, with sufficiently 

precise detectors, the Kα line may be 

resolved into the separate Kα1 and Kα2 

lines, that live the energy distinction 

between the J = 3/2 and J=1/2 orbitals for 

n=2. [03] 

 

INDUCED X-RAY EMISSIONS 

The energetic transitions portrayed on 

prime of will occur once a  vacancy 

appears in degree inner shell associate 

degreed Associate in nursing outer shell 

lepton falls into the open state. The inner 

shell vacancy is by artificial suggests that 

induced in two ways: 
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The sample is irradiated with some fairly 

high energy particles that accurately knock 

electrons from their orbitals, creating the 

vacancies, and allowing the processes on 

prime of. Usually this can be often referred 

to as Particle induced X-ray Emission, or 

PIXE. 

 

Throughout this experiment, we'll use  a 

hot alpha offer to provide the 

bombardment. Alpha-PIXE and solid-state 

X-ray detection is one all told the analysis 

techniques used on the Mars Rover 

missions Instead, if there is another offer 

of X-rays, these is accustomed irradiate a 

sample and provide the induced X-rays. 

Usually this can be} often referred to as X- 

ray lightweight. [04]
 

 
OTHER X-RAY SOURCES 

A number of hot nuclei area unit fortuitous 

X-ray sources. Co-57 decays to Fe-57 by 

inverse beta decay, capturing associate 

degree lepton from associate degree inner 

orbital. The new atomic number 26 

nucleus finds itself in associate degree 

unstable spin state and decays 

electromagnetically to lower energy states, 

emitting 122 KeV and fourteen KeV 

photons (see decay theme on next page). 

Additionally, since it had been born via 

lepton capture, the new atomic number 26 

atom is missing associate degree inner 

shell lepton, and so will emit characteristic 

atomic number 26 X-rays, like the 

outstanding K-Line at half-dozen.4 KeV. 

 

Cd-109 could be a similar lepton capture 

supply emitting associate degree eighty 

eight KeV gauge boson from the nuclear 

excitation additionally to noble metal X- 

rays. Fe-55 is additionally a well- 

recognized X-ray supply that additionally 

decays by lepton capture, and emits Mn X- 

rays. Note that it's a lot of usual to search 

out hot nuclei that emit gamma rays (MeV 

photons) instead of X-rays. [05]
 

 

 

 

 

Finally, note that X-rays is simply created 

by boiling lepton off of a filament, fast 

them across a niche of a couple of KeV, 

and stopping them with a target, wherever 

the speedy fastness causes stopping 

radiation or brems strahlung within the X- 

ray region. 
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The everyday energy spectrum of those X- 

rays could be a time, with associate degree 

higher cut-off at the incident lepton energy, 

superposed on with the characteristic 

spectrum of the materials within the target. 

See Fig. 3. This method permits for big 

intensities and is that the means that used 

in industrial X-ray tubes, e.g. within the 

dentists workplace. We’ve such a tool 

within the advanced research laboratory, 

and it is used for top intensity studies of 

general scattering, and X-ray visible light 

and transmission. [06]
 

 
EXPERIMENTAL SET-UP 

You will live X-ray energies victimization 

detector and physics from Armtek. 

Abundant detail on semiconductor 

detectors and readout physics will be 

found within the references and therefore 

the Armtek web site, which you ought to 

consult. A detector like ours is delineate at 

http://amptek.com/pdf/xr100cr.pdf. We 

provide here simply a quick review. 

 

The X-rays detector could be a reverse 

biased PiN diode. The X-ray is photo 

electrically absorbed and therefore the 

liberated negatron loses energy within the 

semiconductor by making electron-hole 

pairs @ three.6 energy unit per try. Recall 

that in an exceedingly tangency the bulk 

carriers diffuse across the interface making 

an electrical field that sweeps any excess 

charge out of the depletion zone. The trick 

for victimization this as a detector is to 

create the depletion zone thick enough to 

gather all the ionization. In an exceedingly 

PiN diode, a layer of intrinsic 

semiconductor is placed between the p and 

n (thus p-i-n), that creates an outsized 

depletion zone if the detector will be 

reverse biased to sufficiently high voltage. 

 

This usually creates a big reverse (or 

“dark”) current, that complicates the 

readout and conjointly introduces shot- 

noise. The dark current will be eliminated 

by running at lower temperatures, that is 

completed here by mounting the detector 

on a electricity cooler supported the Pettier 

junction. The PiN diode then offers a 

detector that's thick enough to prevent X- 

rays, and produces a charge signal that's 

proportional to the X-ray energy. [07]
 

 
The charge Q is regenerate into a voltage 

within the pre-amplifier stage. The pre- 

amplifier is sometimes the most critical a 

part of any experimental physics, because 

it should solve the sensible laboratory 

version of Heisenberg’s conundrum: live a 

system while not worrying it. Operational 

amplifiers, with their huge input 

impedances,   square   measure   naturals. 

http://amptek.com/pdf/xr100cr.pdf
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(Why is that?), however there will still be 

complications. 

 

Say we tend to use voltage electronic 

equipment, as in Melissinos Sec. 3.5. The 

input voltage comes from the charge signal 

and therefore the input capacitance Vin= Q 

/ Cin. The detector capacitance is said to 

the pure mathematics of the depletion 

region, the scale of the reverse bias, and 

maybe the temperature and X-ray rate. It is 

small, of order pF, and can seem together 

with stray capacitances from connections 

and cables. The standardization of voltage 

to charge cannot be celebrated to any 

higher than the entire uncertainty in this 

untidy combined Cin. 
[08]

 

 
A better theme is to use a charge sensitive 

preamplifier: 

 
 
 

Use a treatment like that in Melissinos Sec. 

3.5 to point out that for giant open-loop 

gain (A or !) the output voltage during this 

configuration is just associated with the 

feedback capacitance Vout= -q / Cf. 

 

In this case, the input capacitance 

effectively disappears from the matter; the 

output is said to the charge signal in an 

exceedingly controlled approach. 

 

This voltage signal is then sent to a linear 

electronic equipment for pulse shaping: the 

signal is differentiated to remove baseline 

shifts, and so integrated to get rid of high 

frequency noise. The time-constant of this 

circuit is named the “shaping time”, and 

sets the power of the equipment to resolve 

pulses shut together in time. The general 

amplification permits exaggerated 

resolution within the physics  for tiny 

energy variations however continues to be 

utterly linear: the height voltage is 

proportional to the charge collected within 

the detector. The Armtek device conjointly 

performs a correction referred to as Rise 

Time Discrimination (RTD) that corrects 

for a shaping distortion that happens once 

ionization is collected close to the edges of 

the detector. This helps reject tiny pulses 

that might otherwise confuse the spectrum. 

[08] 

 

Finally, the electronic equipment output is 

shipped to Associate in nursing digitizer 

(ADC)  within  the  tiny  black  box  that 
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converts the peak of the voltage pulse to 

variety and sends the quantity over the 

serial bus to the pc that runs package with 

the plotting, histogram, and analysis 

package. The ADC worth could be a 

variety between zero and a few power of 

two, and is named the channel variety. For 

instance, a typical setting is that the 

heartbeat height varies from 0-5 V, and is 

regenerate to variety between zero and 512. 

During this case, the complete dynamic 

vary is split over 512 bins, with every 

representing a voltage interval of 5/512 ~ 

0.01V. 

 

The bar graph has 512 bins or channels, 

and therefore the height in every channel is 

that the variety of times there was a pulse 

therein specific voltage bin. If your 

resolutions warrants, you'll head to a finer 

binning by victimization 1024 or 2048 

channels: this can be sensible as a result of 

you may have a lot of bins in every peak, 

and a lot of resolution on measurement the 

height resolution. However it’s unhealthy 

because you have got to count longer to 

populate the individual channels with 

sensible statistics. The best practice uses 

the minimum variety of channels to place 

5-6 channels in every peak. 

 

In the finish it's a bar graph recording the 

frequency  of  pulse-heights,  therefore  a 

pulse-height- analysis or PHA. Within the 

pre-computer days, the bar graph operate 

was wiped out hardware with a special 

purpose instrument sort of a massive CRO, 

that might record knowledge in several 

channels (remarkable at the time), and 

thence was referred to as a Multi-Channel- 

Analyzer. The jargon MCA has stuck, and 

that’s why our device is named “Pocket- 

MCA”. [09] 

 

EXPERIMENTAL PROCEDURE 

Process 

You are reaching to calibrate the set-up, 

then use corpuscular radiation PIXE to 

verify Moseley’s Law within the initial 

row of the transition components, 

Associate in nursing to live the 

composition of an unknown sample. [10]
 

 
Set-Up 

Connect things up in line with the circuit 

diagram within the Appendix. Notice 

there's a Gate affiliation between the 

shaping amp and therefore the MCA that 

may throttle the input to the MCA once it's 

busy. Record the detector temperature by 

employing a DVM in meter mode. The 

Amptek documentation claims one deg K 

per micro-amp. Set RTD on. Set the gain 

knob on the linear electronic equipment to 

two.5 for starters. Set the “ADC Gain” to 

2048 within the MCA setup, in order that 
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the total scale on the MCA is 2048 counts. 

The ADC threshold sets the minimum 

channel to be recorded; thirty channels 

more or less is reasonable to suppress 

noise.[11]
 

 
Place the Co-57 supply ahead of the 

detector. Begin the MCA package. Tell it 

to attach to Associate in Nursing MCA. 

On the pull down menu beneath “MCA”, 

choose “Start Acquisition”. You ought to 

see the Co-57 peaks begin to accumulate. 

Inform yourself with the system. Note the 

knowledge within the sidebar that tells you 

the whole range of counts, yet because the 

count rate. Use the assistance menu and 

manual to learn how to suit regions-of- 

interest and realize peaks. Strive variable 

the linear electronic equipment gain. See 

what happens if you switch off RTD. 

 

Note that it's not continuously obvious that 

is that the “front” facet of the button 

sources, therefore strive swing either side 

against the detector. The fact that offers 

the upper reckoning rate is that the front 

facet. Note additionally that the detector is 

kind of tiny, ~3 millimeter diameter (take 

a glance at the “business end” of the 

detector), therefore you may got to 

rigorously align the supply on the detector. 

Our detector isn't sensitive to X-rays with 

energies on top of regarding twenty keV, 

therefore you may not be ready to see the 

122 and 136 keV lines (Fig. 3). You ought 

to be ready to see the fourteen keV line, 

and therefore the Fe-57 Klines. (Why?) 

Within the standardization, you may need 

to line the electronic equipment gain in 

order that  full scale  is regarding  twenty 

keV. Once you're ready  to acknowledge 

the fourteen keV line, you'll set the gain 

therefore it's regarding seventieth of full 

scale. [12]
 

 
Calibration 

The first order of business is to calibrate 

the energy scale of the MCA. This will be 

done victimization “known” lines. Since, 

in theory, all the X-ray lines you may be 

managing are best-known, the  choice of 

lines to use for standardization is 

somewhat whimsical. 

 

Initial strive varied varied sources and 

varied samples with the alpha supply till 

you're assured that you simply will 

acknowledge the lines. Then select many 

lines between ~2 keV and ~20 keV to use 

as your “known”. Once this is often done, 

take into account all alternative lines as 

unknowns that you simply will compare to 

printed values. [Consult the Amptek chart 
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of K! energies at 

http://www.amptek.com/xray_chart.html. 

There are several alternative tables on the 

net.] 

 

It is best to line up 2 calibrations, one for 

lines up to twenty keV and one for lines up 

to mention five keV, so that you'll get a lot 

of correct energies for lines below five 

keV. This may need 2 gain settings on the 

electronic equipment. To create things less 

complicated, select  standardization 

samples  that  are  all  one  element,  not  a 

composite. Sensible prospects for 

calibration lines ar the K-lines of atomic 

number 14, aluminum, and silver and 

therefore the L-lines of lead. Fig. 1a and 

the lead visible light spectrum from Cd- 

109 shown on the correct could offer some 

concepts. [13] 

 

Once you've  got settled on a  technique, 

accumulate peaks from the samples. Work 

all the peaks (there could be a function 

which may realize several automatically). 

 
 

 

http://www.amptek.com/xray_chart.html
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Use the package standardization feature to 

suit the link between channel range and 

energy. Additionally create plots of energy 

vs. MCA channel for each calibration 

settings. Note that there's seemingly to be 

Associate in Nursing offset in order that 

zero energy doesn't correspond to channel 

= zero. 

 

 

You currently have a tag device make 

certain to know  the exactness and 

uncertainty in your standardization.[14]
 

 
Elicited X-rays & Mosseley’s Law 

You will use a one radioactivity unit Cm- 

244 supply to produce five MeV  alpha 

rays for PIXE. The supply is during a 

circular plastic holder that accepts disk 

formed samples. 

 

When victimization the α supply, place it 

as shut as potential to the sample purpose 

it usually at the sample as shown, and 

place the detector as shut as potential to 

the sample to maximize the reckoning rate. 

If the sample is mounted during a metal 

holder, attempt to illuminate the sample 

itself, instead of the holder so as to 

attenuate the X-rays from the holder. [15] 

 

 

[See additionally Fig. 6.] Don’t forget 

that α’s have a really short range 

therefore you may solely see X-rays from 

a skinny surface layer. 

 

We have samples of the primary row 

transition components V through metal 

many of those are discs that work into the 

supply holder, however most of the 

samples are smaller disks mounted in sq. 

metal sheets. 

 

For the latter you may got to tape the 

supply holder over the sample. The YBCO 

superconducting disks employed in the 

High Tc electrical conduction experiment 

contain metal that is a stimulating 

component attempt to do the biggest 

potential vary of Z's 

 

Alpha rays have terribly short direct air 

(~3 cm), therefore this is often not 

Associate in Nursing per se dangerous 

setting, however you ought to attempt to 

minimize the number of handling, keep the 

supply pointed into the plastic once it's not 

in  use,   and   by  all  means  that   avoid 
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touching the supply material that is 

mounted on a very fragile foil. [16]
 

 
The iatrogenic X-ray spectra can embrace 

characteristic X-rays from the samples, 

from the metal sheet surrounding the 

samples, from the supply itself, and from 

material within the supply holder. You can 

minimize the backgrounds by illuminating 

solely the sample itself with α's. You’ll 

learn to differentiate the contributions by 

taking spectra with no sample and spectra 

from the fabric encompassing the samples. 

 

Accumulate spectra for as several samples 

as attainable. Match peaks and record 

widths. Your  workplace report should 

contain representative spectra with all 

notable options clearly labeled as in Fig. 1. 

Make a table of X-ray energies vs. Z for 

Kα and Kβ lines and Lα and Lβ lines where 

attainable. Plot √𝐸𝛾 vs. Z as in Eq. 1. 

Fit 
the slopes and intercepts for every family. 

From these information, confirm the 

screening issue s for every family and E0. 

[17] 
 

 

 

X-RAY FORENSICS 

Find some samples that are noted alloys, 

and take a look at to try and do a 

mensuration of the compositions. 

Pick a noteworthy unknown sample and 

perform PIXE analysis of its composition. 

U.S. coinage is interesting, particularly if 

you've got some older coins to check to 

newer coins. Or maybe you'll pick some 

attention-grabbing minerals, and compare 

to results coming from the Mars Rovers. 

Ask the instructor for Associate in Nursing 

unknown and confirm its composition. [18]
 

 
CONCLUSION 

We have summarized the details of several 

laboratory setup sand presented examples 

showing that X-ray spectroscopy in the 

laboratory is, for certain applications, 

becoming a realistic alternative to the large 

scale synchrotron facilities. Various 

laboratory setups exist already which are 

employed for in-house XAS and non- 

resonant XES experiments. Transmission 

XAS experiments are for a broad range of 

systems feasible in the lab as long as their 

optical thickness fulfils the requirements. 

 

Non-resonant XES experiments are 

possible even on optically thick samples 

and they are already widely used for 

complementary experimental studies. The 

relatively low costs of laboratory setups 

and the broad range of possible 

applications makes them a useful 

alternative to synchrotron experiments. 
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Either as preliminary study to strengthen 

an application for measurement time at a 

synchrotron, or even for full research 

quality studies. Also worth to mention in 

the fact that laboratory setups are a very 

nice teaching instrument, i.e. to explain 

students the methodology. Standard XAS 

and XES measurements on reference 

compounds and model systems under ex- 

situ conditions can routinely be realized in 

the laboratory. Though limited to larger 

time-scales, the most recent developments 

prove that also experiments under in situ 

and operando conditions can now be 

realized in the laboratory. 

 

This will be especially useful in the field 

of chemistry and catalysis, but laboratory 

X-ray spectroscopy can be expected to 

soon cover a broad range of fields, similar 

to the ones mentioned in the introduction. 

The applications are often limited  to 

certain types of samples and sufficiently 

powerful sources are needed to deliver the 

required flux to perform the experiments 

with reason-able acquisition times and 

acceptable SNR. Measurements on 

samples with an analyte fraction down to 

approximately 3 wt% can now be routinely 

realised in the laboratory. Highly diluted 

samples with a small analyte  fraction 

(wt %) make in-house experiments still 

challenging, but with a sufficiently stable 

source these difficulties can to  some 

degree be overcome by longer acquisition 

times. 

 
Low analyte concentrations in a heavy 

matrix, however, typically require a 

fluorescence yield approach, which was 

until recently only possible at the 

synchrotron. But the recent developments 

and the employment of high-power X-ray 

tubes show that also in-house fluorescence 

yield experiments are becoming feasible 

now. This also illustrates that the limiting 

factor is in most cases the source of X-rays, 

as typical in-house sources  cannot  offer 

the unique capabilities such as  the 

tenability while maintaining high 

intensities as they are available at a 

synchrotron. 

 

Considering sources covering the soft and 

hard X-ray energy range, the employment 

of high intensity laser plasma sources, the 

new micro-structured anode materials for 

better heat-dissipation, and the Line Focus 

X-ray Tubes appear to be among of the 

most promising developments regarding 

X-ray sources. 

 

In particular the improvements in modern 

laser plasma sources suggest that for 

example spin-state studies using time- 

resolved   XES   can   soon   be   realised 
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routinely in the laboratory. Further, the 

interesting development of a compact light 

source by Lyncean could fill the gap 

between X-ray tubes and large scale 

synchrotrons. 

 

However, the very photon–hungry 

techniques such as high energy 

fluorescence detected (HERFD) XAS, 

resonant XES and resonant inelastic X-ray 

scattering (RIXS) appear to be still beyond 

the practical limits  of  in-house 

experiments and therefore still have to be 

performed at a synchrotron offering the 

highest brilliances. 

 

Although, to be optimistic, with modern 

detectors such as a Transition Edge 

Sensor(TES) some systems with a large 

photon-yield and sufficient stability could 

in principle be measured in the laboratory 

if a  sufficiently efficient source is 

available and long acquisition times can be 

accepted.[19]
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