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Parametric X-ray Radiation registered in the backward geometry is analysed. The main properties of the radia-
tion for such geometry are discussed. The advantages of the backward geometry over other configurations regarding 
the intensity, the spectral width and the possibility to discriminate the contributions form different radiation mecha-
nisms to the total radiation yield are presented.  

PACS: 537.8, 538.9, 535-1/-3, 535.4, 537.5 
 
The radiation produced during the interaction of 

charged particles with matter possesses several charac-
teristics which depend on the nature of the generation 
mechanism. 

Characteristic X-ray radiation for example is iso-
tropic. The registered spectrum does not dependent on the 
observation geometry. On the other hand, the radiation 
produced during the interaction of charged particles with 
periodic structures presents a strong dependence of the 
spectral characteristics on the observation angle [1 - 4]. 

The radiation can be detected in every direction de-
fined by the solid angle 4π. It has been shown theoreti-
cally and experimentally that parameters such the peaks 
intensity and spectral width change substantially when 
the observation angle θ  changes. 

It turns out that Parametric X-ray Radiation PXR 
acquires interesting properties when the radiation is 
detected in the opposite direction to the incident charged 
particles velocity. The geometry can be achieved if 
charged particles move across a magnetic field as pre-
sented in Fig. 1. For this scheme, the observation angle 
equals π. This configuration to register the radiation has 
been referred as “The backward geometry”, “The 
backscattering geometry” or “Extreme Bragg case”. The 
properties of PXR for such geometry have been ex-
plored theoretically and experimentally [4 - 7]. 

 
Fig. 1. General experimental setup: θ – observation 

angle, ϕ  – orientation angle, n  – normal vector  
to the target surface 

The backward geometry presents some advantages 
over other geometries because of three important rea-
sons. 

The study of PXR from polycrystals is of great in-
terest because among other reasons, there is a possibility 
to determine the atomic structure of such materials 
based on the spectral-angular characteristics of the ob-
tained radiation. An obstacle to apply this mechanism of 
radiation in the diagnostics of materials was the small 
intensity of the PXR peaks which can be overlapped in 
the spectrum by the radiation background.  

This was solved in [4] where it was predicted that in 
the backward geometry the intensity of the PXR peak is 
proportional and the spectral width inversely propor-
tional to square of the Lorentz factor γ of the incident 
charged particle. Under different observation angles this 
dependence has the first power. Both effects can be 
listed as the first two advantages of the backward geom-
etry and have been dynamically verified in an experi-
ment with textured polycrystals [8]. 

In Fig. 2 is presented the behaviour of the spectral 
width of the PXR peakfrom the crystallographic plane 
(200) when the observation angle changes. Data was 
obtained during the interaction of a 7 MeV electron 
beam with a tungsten textured polycrystalline foil. It is 
easy to observe that the spectral width decreases when θ 
approaches π.  

To highlight the effect, the energy resolution of the 
detector AMPTEK was studied between 1.5 and 9 keV. 
Since the natural spectral width of the CXR peaks con-
stitutes several electronvolts [9] and it is smaller than 
the detector energy resolution, the spectral width of the 
measured CXR peaks can be regarded as the detector 
energy resolution ( )E ω∆  for a determined energy ω. In 
Fig. 2 the dots represent the FWHM of CXR peaks of 
different elements determined by a Gaussian fitting of 
the registered data. 

This information allows to determine the detector 
energy resolution at ω = 5.9 keV which is used to con-
struct the theoretical curve of the detector energy resolu-
tion (see shown in blue in Fig. 2) according to the detec-
tor characteristics [10]: 

( ) 2 2
5.9( ) 120 2240keVE Eωω ω=∆ = ∆ − + , 

where ( )E ω∆  – detector energy resolution measured in 
electronvolt, 5.9 keVEω=∆  – detector energy resolution at 
the energy ω = 5.9 keV measured in electronvolt and 
ω – photon energy measured in kiloelectronvolt. It can 
be observed that the curve fits the FWHM of the CXR 
peaks. 
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It should be remarked that the behaviour of the PXR 
spectral width is not determined by the change of the 
detector energy resolution. The change of the spectral 
width is inherent to the PXR radiation mechanism.  

 
Fig. 2. Dependence of the PXR peak spectral width  
on the observation angle. The solid curve represents  

the detector energy resolution calculated based  
on FWHM of CXR peaks. The fitting error  
is represented by the thickness of the curve 

It can be observed that the PXR peak spectral width 
in the backward geometry reaches the value of the de-
tector energy resolution. This effect agrees with theory 
[4] since theoretical predictions estimate that it has an 
order of 10 keV which is much smaller than ( )E ω∆ . 
Additional studies to determine the intrinsic spectral 
width of PXR peaks is required. This can be probably 
achieved using a X-ray monochromator. 

The next advantage of the backward geometry is re-
lated to the experimental discrimination of the contribu-
tion from different radiation mechanisms to the total 
yield. It should be mentioned that when charged parti-
cles interact with periodic structures the total radiation 
yield is composed by the sum (interference) of mecha-
nisms such bremsstrahlung, characteristic, parametric, 
diffracted transition radiation which can be manifested 
simultaneously. 

Theoretically, the yields of different radiation mech-
anisms are described independently but their experi-
mental discrimination is a difficult task that cannot be 
always achieved, complicating in this way the compari-
sons of experimental data with theory, especially when 
the characteristics of the radiation produced by different 
mechanisms are similar. The difficulty to distinguish 
experimentally the contributions of PXR from the dif-
fracted real photons produced during the interaction of 
the charged particles with the same target (diffracted 
bremsstrahlung, diffracted transition radiation, etc.) is 
related to the close positions between the peak energies 
for those processes [11, 12]. 

It was shown that the backward geometry provides 
the necessary conditions to discriminate absolutely the 
contributions form diffraction of virtual and real pho-
tons to the total radiation field [13]. It was shown that 
for this geometry the contribution from Parametric X-
ray Radiation is located in an energy region that is for-
bidden for real photons diffraction since are below the 
minimal energy for Bragg diffraction processes. 

In Fig. 3 are presented two spectra obtained from the 
tungsten foil in the backward geometry for two orienta-
tion angles ϕ = -2° and ϕ = -10°. The Bragg energy is 
also illustrated as a vertical line at ω = 3.924 keV. It can 
be observed that the PXR peak energy for ϕ = -10° is 
smaller than the Bragg energy limit. Consequently, dif-
fraction of real photons generated for example by brems-
strahlung cannot give any contribution to this peak. 

This effect can be used to study experimentally the 
fundamental questions of radiation generation discrimi-
nating the contributions of different mechanisms. 

 
Fig. 3. PXR peak from the (200) crystallographic 

 planefor different orientation angles of the tungsten 
foil. The vertical line represents the minimal energy  

for Bragg diffraction processes 
It should be noted that the contributions from differ-

ent radiation mechanisms can also be discriminated for 
other observation angles, however, any errors in the 
orientation of the crystal, solid angle, incident angle of 
the electron beam can lead to a shift of the expected 
photons energy to a region where other radiation mech-
anism could be manifested. Consequently, it can lead to 
an incorrect interpretation of the mechanism contribu-
tions. These kind of problems, cannot occur in the 
backward geometry. 

Finally, the advantages of the backward geometry 
over other geometries concerning the PXR peak proper-
ties can be listed as follows: 

• Amplitude is proportional to γ2. 
• Spectral width is proportional to 1/γ2. 
• Provides the conditions to discriminate the con-

tributions form diffraction of virtual and real pho-
tons to the total radiation field. 
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ИССЛЕДОВАНИЕ ПАРАМЕТРИЧЕСКОГО РЕНТГЕНОВСКОГО ИЗЛУЧЕНИЯ 
В ГЕОМЕТРИИ «СТРОГО НАЗАД» 

В.И. Алексеев, А.Н. Елисеев, Э.Ф. Иррибарра, И.А. Кищин, А.С. Кубанкин, Р.М. Нажмудинов  
Анализируется параметрическое рентгеновское излучение, зарегистрированное в геометрии «строго 

назад». Обсуждаются основные свойства излучения для такой геометрии. Представлены преимущества гео-
метрии «строго назад» по сравнению с другими геометриями в зависимости от интенсивности, спектральной 
ширины и возможности разделения вкладов от различных механизмов излучения в общий выход излучения. 

ДОСЛІДЖЕННЯ ПАРАМЕТРИЧНОГО РЕНТГЕНІВСЬКОГО ВИПРОМІНЮВАННЯ 
В ГЕОМЕТРІЇ «СТРОГО НАЗАД» 

В.І. Алексєєв, А.Н. Єлисєєв, Е.Ф. Іррібарра, І.А. Кищин, А.С. Кубанкин, Р.М. Нажмудинов  
Аналізується параметричне рентгенівське випромінювання, зареєстроване в геометрії «строго назад». 

Обговорюються основні властивості випромінювання для такої геометрії. Представлено переваги геометрії 
«строго назад» у порівнянні з іншими геометріями в залежності від інтенсивності, спектральної ширини і 
можливості поділу внесків від різних механізмів випромінювання в загальний вихід випромінювання. 
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