PARAMETRIC X-RAY RADIATION IN THE BACKWARD GEOMETRY
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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 4x. It has been shown theoreti-
cally and experimentally that parameters such the peaks
intensity and spectral width change substantially when
the observation angle 8 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 7z 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].
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Fig. 1. General experimental setup. 68— observation

angle, ¢ — orientation angle, i — normal vector
to the target surface

The backward geometry presents some advantages
over other geometries because of three important rea-
sons.
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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 y 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 6
approaches 7.

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 AE (a)) for a determined energy w. 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 @ = 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]:

AE(“)) = \/(AEw:5,9keV )? —120% + 22400 ,

where AE (a)) — detector energy resolution measured in
electronvolt, AE__.,,, — detector energy resolution at

the energy @ = 5.9 keV measured in electronvolt and
®— 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.
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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 AE(w).

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.
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In Fig. 3 are presented two spectra obtained from the
tungsten foil in the backward geometry for two orienta-
tion angles @ = -2° and ¢ = -10°. The Bragg energy is
also illustrated as a vertical line at @ = 3.924 keV. It can
be observed that the PXR peak energy for ¢ = -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.
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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:

e Amplitude is proportional to y*.

e Spectral width is proportional to 1/y%.

e 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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HNCCIUEJOBAHUE MAPAMETPUYECKOI'O PEHTTEHOBCKOI'O U3JIYUYEHUSA
B rEOMETPHUMU «CTPOI'O HA3AI»

B.U. Anexcees, A.H. Enucees, 3.D. Hppuobappa, H.A. Kuwun, A.C. Kyoauxun, P.M. Haxcmyounos

AHaJ'H/BI/IpyeTCH napaMeTpUICCKOC PEHTICHOBCKOEC U3JIYYCHUE, 3apECTUCTPUPOBAHHOC B TCOMETPHUU «CTPOTro
Hazam». O6cy>1<)1a10Tc;1 OCHOBHEIE CBOMCTBA N3JIy4YCHUA IJIs TaKoU TreoOMETpuUu. HpeI[CTaBJ'IeHLI MNpeuMyuieCTBa reo-
METPUU «CTPOTO HaA3aa» IO CPABHEHUIO C JPYTUMHU IT'€OMETPUAMHU B 3aBUCUMOCTH OT MHTEHCUBHOCTH, CHCKTpaHBHOﬁ
IIWPHUHBI 1 BO3SMOXHOCTH Pa3ACJICHUS BKIaAOB OT PAa3JIMYHBIX MEXaHU3MOB HU3JIYYCHHUS B 06H.[PII>1 BBIXO/] U3ITYYCHUA.

AOCI’KEHHS HAPAMETPUYHOT'O PEHTTEHIBCBKOI'O BUTIPOMIHIOBAHHSI
B 'EOMETPII «CTPOI'O HA3A/I»
B.I. Anexcees, A.H. €nucees, E.D. Ippioappa, 1.A. Kunjun, A.C. Kyoanxun, P.M. Hasxxcmyounos

AHaIi3yeTbCs TTapaMeTpUIHE PEHTICHIBCHKE BUIIPOMIHIOBAHHS, 3apEECTPOBAHE B TEOMETPil «CTPOTO Hazamy.
OOroBOPIOIOTHCS OCHOBHI BJIACTHBOCTI BHIIPOMIHIOBaHHS JuIsl Takoi reometpii. [IpeacraBneno nepesaru reomerpii
«CTPOTO Ha3aj» y MOPIBHSAHHI 3 IHIIMMH I'€OMETPISIMH B 3aJI€KHOCTI BiJi IHTEHCHUBHOCTI, CHEKTPaJIbHOI LIMPHUHHU 1
MOXKJIMBOCTI TIO/IIJTy BHECKIB BiJl pi3HMX MEXaHi3MiB BUIIPOMIHIOBAHHS B 3arajlbHUH BUXiJ BUIPOMIHIOBaHHSL.
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