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26 FUNDAMENTALS OF X-RAY FLUORESCENCE

Figure 1-16. The incident, the reflected, and the refracted beam at the interface of two media 1 and
2. On the left, medium 2 is optically denser than medium 1 (n, > n,); on the right, it is vice versa
(ny >n,).

phase, e.g., crests or troughs, propagate within a medium. It is dependent
on the wavelength A and the medium itself. In vacuo, the phase velocity has
the value ¢ (the light velocit)g) independent of the wavelength 2.

Division of equation (1-22) by the light velocity c results in
1, COS 0y = N,COS 0, (1-23)

where n, and n, are the absolute refractive indices of media 1 and 2,
respectively, which are defined by

n,2= c/vy., ) (1-24)

Two cases can be distinguished, as demonstrated in Figure 1-16.1f n, > n,, i.e.,
if medium 2 is called optically denser than medium 1, the refracted beam in
medium 2 will be deflected off the bm:kdary. If n, <ny, ie. if medium 2 is
optically thinner than medium 1, the refracted beam in medium 2 will be’
deflected toward the boundary

The refractive index n is the decisive quantity and can be derlved from
the Lorentz theory assuming that the quasi-elastically bound electrons of the
atoms are forced to oscillations by the primary radiation. As a result, the
oscillating electrons radiate with a phase difference. By superposition of both
radiations the primary one is altered in phase velocity. This alteration becomes
apparent by a modified refractive index, deviating from the vacuum value

.c = 1 by a small quantity J.

Total reflection X-ray fluorescence analysis
R. Klockenkamper. Wiley: New York. 1997
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If absorption cannot be neglected but must be taken into account, the
refractive index » has to be written as a complex quantity. Conventionally, n is
defined by

n=1-56-if (1-25)

where i is the imaginary unit or the square root of — 1. The real part of the
refractive index accordingly is ' =1 — 0.

Thé imaginary component f is a measure of the attenuation already treated
in Section 1.3. It can be expressed by

A (r

The real component §, called the decrement, measures the deviation of the real

part n' of the refractive index from unity; é determines the phase vclocny

vaccording to v % ¢/(1 — 8), which can even be greater than the light velocity.?
From theory it follows that § can be written as [23]

Ny 1 ;
d=32rp7 o +/(D]22 (1-27)

where N , = Avogadro’s number = 6.022 x 10%? atoms/rnol r, = the classical
electron radius = 2.818 x 10713 cm; p = the density (in g/cm®) of the respective
element; 4 = atomic mass (in g/mol), = the wavelength of the primary beam,;
f, is a quantity that for X-rays is equal to the atomic number Z; and f(4) is
a correction term [24] that is only decisive at and below the absorption edges
(E<E; or A=4) and is generally negative. Consequently, & includes some
constants of matter and moreover strongly depet{[s}:n the wavelength 4. This
dependence is known as dispersion and is demonstrated in Flgure 1-17 for the
elements Cu and Au.
For primary X-rays—shorter in wavelength than the absorptlon edges—
the f-values disappear and equation (1-27) can be simplified by
. I
N, Z ‘
(3——"2—;Tcpz,)(2 (1-28)

-

2For X-rays with positive d-values, the phase velocity v exceeds the light velocity c. This is possible
since v is not a velocity at which a real signal can be transmitted. Only a signal velocity has to be
smaller than the limiting light velocity.



X-ray beam interaction with material

The wavelengthof X-ray radiationis equalor smallerasthe distancebetween
atoms So, the Fresnelapproachto descriptionof X-ray beaminteractionwith
matteris not right, principally. The refractiveindexis form n_=e Y?=1-d_-ib_
IS not characteristicof medium, it is the local parametenn every points of
material Vacuum and material must be describedby potential Vacuum
potential is constantand the potentialin material volume is the function of
coordinatesThe motion of photonwith energyE= W (w,_,,~10" sec) in field
with potentialV(x,y,z) canbe presentedb(\é Schrodin%elequationfor the vector
otential €. & - C w
P A= Aexpi(kz- ut): B?A+= A=V(xy,2)A

C The behavior of electromagnetics-wave at two

Vacuum Az Mater.lal angles for incidence on the vacuum T material
Vi N media interface Vacuumpotentialis equalO, the potential
ﬁ\ A, of material T V(x,y,z) Dashedline presentsthe
6<0 /\ /\ ANYaN P — average potential position z, is the interface
) \/ \/ \ VAR geometricalboundary, Dz is the area of potential
Avvw§ changing | ; and|l , arethe wavelengthsn vacuum
A, A " andmaterialmedium,accordingly dV arethe values
W\ /\ /\ /\ /\ / m _of polter_]tial modulation by the electron density
0>0, \/ \/ \/ \/ \/ \/ irregu arlty.

> For the total reflectionthe equationhasthe solution
in form g.=arcsin(w/(hw-DV))



Sources of the waveguideesonance idea appearing for propagation

of the quasimonochromatic Xray flux
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theoreticalexplanatiorof the effect

G. Borrman, Uberextinktionderrontgenstrahlenon quartz// Z. Physik V42. 1941 pp. 157-162
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106113

6. Theexperimentabbservatiorof X-ray standingwavesat the Braggreflection

B. Batterman, Effect of dinamicaldiffraction in X-ray fluorescencecattering/ Phys Rev V133 1964 pp.
A7T59-A764
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Scheme of the pioneers experiments showed therxy

flux propagation through quartz slitless collimator
P (pressure force)

X-ray
ﬂux 11 11 11 11 11 lII Dete Ctor
F\_/\/L, ______ “:: “:: “:: ":: “:: “: T -
Tube Quartz T X-ray
focus ileae passing flux

collimator P

1. The slitlesscollimator formed by quartzpolishedreflectorsassembledogetherlets pass
somepart (~1%) of X-ray flux irradiatedby X-ray tubebut it blockadeghe propagatiorof
thevisible light.

2. Theliguid capturedoy the slitlessareablockadeghe X-ray radiationpropagatiorthrough
theslitlesschannel

3. Thepressuref theslitlesscollimatorleadsto decreasin@f the passinglux intensity

4. Authors of first experimentswith slitlesscollimator decidedthat the passingflux is the
resultof r e f | esarfacemom@ascuracypreparation(T. Mingazin, V. Zelenov, V. Lejkin.
Slitlesscollimatorfor X-ray beam// Instrum Exp. Tech V24 (1 part2), 1981, pp. 244-247).



The idea of the planar extended narrow air slit
clearance preparation for all size interval from slitless
collimator to macro slits

Quartz
reflector

Metal strips on edge
of one reflector

Reflector 1 Reflector 2

Slit width

Air planar
extended slit clearance

1. For the slit clearancepreparationfor size interval 0-6000 nanometersve usedthe
electronbeamdepositiontechnology This methodallows to depositthin film coatings
on edgesof onereflector
2. Slit size interval 6-150 micrometerswas studiedby applicationof Cu film gaskets
betweerSiO, reflectors

3. X-ray radiationguide was preparedcby assemblingpf reflector with edgestrips and
purereflector,or by assemblingf two purereflectorsandtwo gasketdetweerthem



Simple scheme of Ti thin film deposition on edges
of PXWR quartz reflectors
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Strips deposition on quartz reflectors and indentity
providing of its thickness

Quartz reflector

Ti target : T .
gCL- Atomic flux T, 1o
' = — I e x| : <
‘ N -’, ‘ | [ »
L o= Al sheet
h=1000 mm :
Electron beam Control Surface
Electron gun substrates for strips

The principle schemeof Ti stripsdepositionon the reflectoredges 10 control SiO,/Si substrate:
(10x10x0.3 mm3) are situatedalong Al sheetare usedfor identification of the strip thickness
alongthe reflectorlength (I=100 mm). The distancetarget- reflectorh wasequall000mm. The
Ti depositionrate was 0.1 nm/sec The depositionwas carried out on the L-560 Leybold AG
apparatudy electronbeamevaporatiormethod T T T T T T T T

1200 —

Experimentaland theoretical RBS spectraHe* (E,=0.9 ,
MeV) for the controltargetsTi (105nm)/SiO, (570nm)/Si £ ™ *
preparedn the strip depositionprocedure Channelprice .
1.9 keV/channel Strip thickness variation for our ., |
proceduravasnearl% alongreflector

sity

Inf




Geometry scheme for the waveguide slit width
measurement by means of the attenuated total
reflection method* for the light radiation

C/ Photo Degtector F-102
: Luxmeter
. U-16
ed laser dio
2 n=1.57
< dm “ === = = ' =T == =
Q<0.001° LS Planar X-ray
clearance black absorber waveguide-resonator
Turner AF., J. Phys. Rad., v11, 1950, p. 444. (in French).
Ir =1ow/R% +R? 4n PO
R X:Td n“sin” @y — 1
(-e) :
R, = o ants _ n*sin’go—1
1+¢€ 2¢e cos(28p) an2 s = ncospy
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Procedurewas createdfor the
measurementdf a clearancein
the X-ray slitless collimator
Graduationcurve was calibrated
by using waveguideswith slits
S5=43 nm, S=88 nm, S$S;=115
nm, $=192 nm, S§=700 nm.
Thesesizeswasdeterminatedy
using RBS method Clearance
size of slitless collimator was

w0« ygriedin interval 0-60 nm.

0

136 272 408 544 680 nm

Air clearance width

*Total informationaboutthe method N.J. Harrik, InternalreflectionspectroscopyNew York: Wiley. 1967.



Schematic design of waveguides with air core used for th
study of X-ray beam propagation through a narrow air

extended slit
6 — 6
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interface 2

Slitless X-ray collimator is the simplestplanarX-ray waveguideresonatoiPXWR), which realizesof

the radiationsuperstreanPXWR containstwo planarpolisheddielectricreflectors(6) disposedn some
distancebetweenthem This distanceis strictly fixed on all PXWR length | t nGagnitudeis definedby

the thicknessof metallic coatings(7) depositedon edgesof one PXWR reflector Secondreflectoris

locatedon free surfacesof coatings,and the slit spaceappearsn the centerplace of the waveguide
assembleThe coatingdepositiontechnologymust guaranteghe coatingthicknesspermanencyon all

stretchof PXWR. The absolutevalue of thethicknesss determinatedy RBS of He' ions Quartzglass
Is usedasthereflectormaterial

X-ray waveguide assembleis accommodatedinto the duralumine holder (5) supplied by four

microscrews(4) with fixing springs (3). The installation plate (2) setsup on the standardX-ray

diffractometerinsteadof the conventionalslit-cut former. The holder mobility is characterizedy one
translationabndtwo angulardegree®f freedom (1 - Thumbwheelg



Measurement setup for intensity spatial distribution
study of X-ray quasimonochromatic radiation in
beams formed by planar Xray waveguides

Minimum angular step of the detector unit is 0.0(D).



Scheme of facility for X-ray intensity spatial distribution
study in beams formed by PXWR and conventional shtut

systems and energy distribution in the beams
Discriminator window
BSV-24 X-ray beam forming Diffractometer s e e .
Tube . device A S, control unit ASE-2A | ‘ ‘ ‘ ‘ ‘
\_:|_ ) I (R 6 e _I_._*_l Pre. Amp]
AT . 2y D L High voltage 2000 —+— — L L, — L — L — ‘
supply 556 ‘ ’ ‘ ‘ ‘ ‘
Diffractometer HZG-4 Osall |
scilloscope
Power high Counter timer 878 C_l_gi é 1500 —4—  — Lf o L o L - ‘
voltage T S
device IRIS Slngle channel Specfcrpscopic E - ‘ ‘ ‘ ‘ ’
Uf5-60 keV, analyzer SCA-550 amplifier 575A ‘é
1=1-50 mA - . S o0 R e
| Intensimeter 541 | ADC converter | ©
1 Canberra-Packard _ ‘ ‘ ‘ ‘ ‘
Recoder K-100 ACCUSPEC-A
| ecoder | SOUA 1:" 500 —/—— — L - _Wh% Iad@on d_eQQSiL o ‘
N e
0 100 200 300 400 500
Channels

The deposition of white radiation in the count after a pulse discriminator unit is r
higher 5% for tube BSV24 (Co) regimdJ=20 keV,1=10 mA.



Systematical measurements of slit width influence on the intensity
spatial distribution of X -ray characteristic fraction in beam formed
- by planar extended waveguide

Cuk,, Attenuator (Cu) g
white .
.o / < v " / < : H
radiation AP=20. > Ag,s20, : l D
N TD
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Scanning angle 20 (degrees)

Schemeof experimentallayout for investigationof an X-ray characteristicradiation (Cuk, )

Intensity spatial distribution in the beams formed by waveguidesand results of these
measurements$,=75 mm, l,,,100mm,1,=60 mm, |;=400mm, S,=0.1 mm, A-attenuatoKfactor
for CuK, ,K=200). X-ray characteristiantensity spatialdistributionscollectedat the tube (Cu)

regimeU=20keV, =10 mA (b) in beamdormedby PXWswith differentslit widths



Integral intensity of CuKa bflux formed by quartz planar extended
slit clearance in condition of its width variation

Intensity of characteristic radiation (count/sec)

(after attenuation)

CuK,,,
white
radiation

F
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Characteristic radiation density in beam (count/cm’sec)

Direct comparison of the radiation density In

beams formed by a planar waveguide and a

conventional single slitcut former

IEH012 /— — — _ = — — —

1E+008

] W
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+ | | |
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Intermejiate ‘ ‘

Characteristic radiation density
magnitudes (CuK) is adjusted

to the position of the waveguide
outlet. X-ray tube (Cu) regimes

|
|
|
= ‘ ) ‘ ‘Mfllﬂtigle totacl ‘
j | X prosasston were identical in all courses of
] area area
1 Resonanc N\ H \ measurementd=20 keV,1=10
|
|
|
|
|
|

o mA. The radiation filter were
identical too (Cu foil with
thickness 0.1 mm). Waveguide
resonance regime is
characterized by enhanced
radiation density in the beam ir

comparison with case of-Kay

0.01 0.1 1 10 100 1000 free propagatiOn_

Slit-cut and PXW clearance width (um)



Borrman effect for the perfect crystal lattice

Photo film
Perfect : :
crystal A-tYpPe B-type
Ay i

‘7/\ /.
- e13 e

\ B
FlU.X Of 'f'::‘*~:':: ------------ }
quasimonochromatic| = 93
X-ray radiation I

A, =2dsin®, Ji—0

The first direct experimentalproof of two type of X-ray standingwaves
In structure of perfect crystal lattice of the Bragg reflection of the
guasimonochromatiX-ray flux wasobtainedn thework: B. Batterman

Effect of Dynamical Diffraction in X-ray FluorescenceScattering//
Phys Rev. v133 1964 P. A759A764



Principle additions to the model of Xxray flux total
external reflection on the vacuum/material interface

a

R X
AIA'r'i :‘A A : XX RN A
/ L000OOOOOOBOON

0 AXXXXXX XXX X XXX XXX XXXIN 0

interface vacuum/material

.
|
‘

|
=
|

|

v I
| :

\ electron beam C
B [ri penetration depth
5. Thetransverse&oherencesize demandson the
source projection dimension (d) and distance
betweersourceandreflectionposition(L).
6. The model must take into account the
possibility of theradiationspatialcoherence

The model of X-ray standingwave field forming
(after M.J. Bedzyk and others// Phys Rev Lett
V62(12),1989 Pp 13761379.

The initial model of X-ray standingwave arising
at the radiation beamtotal externalreflection on
the materialinterfaceis notenough

1. The modelmustconsiderX-ray radiationasthe
guazimonochromaticalone with the average
wavelength ; andthe monochromatizatiodegree
DI

2. The flux dimension of X-ray radiation is
limited.

3. The model must not ignore the fundamental
principle the continuousprinciple for standing
wave area, which points on expansionof the
standingwave interferencefield on all volume of
reflectormaterial

4. The model must take into account of the
fundamentalradiation parameter- the coherence
length L=I ;2/D I, which definesthe longitudinal
sizeof coherencarea



Pseudoespecular model for Xray beam total reflection

on the dielectric surface

Total reflection phenomenon is characterized byr&lection and T

transmission facF:)tors % _(g-ay Tt Bé . “ \/\‘ﬂ Yacuum

E;| (g+af+p*’ o'+E§

with phase shift: 2 whereﬁre_e\/(q 2d) +4b? +(g? - 203
tany =—; T :

g--a-b _E‘%/(q 2df +40° - q°- 20

In dielectric volume is the diredt{ ) and retden ( ) waves:

dz \\I‘E’\,\Materlal
.

C,\ e 2’O'Z(a ib) & .
ET (Z, X,t) — e Zq e /o l:el(Wt- Zﬂ(xX)EO
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e - 2P2(a4ib) @ C
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In conditions of visible absorption we have: E

C.
ET

r

= S ne-’Odz

2

Without taking into account the standing Wa

- . 2
Using the interference termy+ — 4 ngosz@(
(g+af+b?’y" ¢ D'+

D" is the standing wave period in material. . / /
D e D=——"_—-0_22
D is the standing wave period in vacuum. 2sing 2q




The reflection factor in conditions of the
interference field appearing in the reflector volume

\ The real reflection factor is the next:
R'=R+(T-T)

The correctiorDR=R’'-Ris not great but it

leads to visible result at the multiple total

1

0.8 — : — 0.8

g ¢ reflection.
: I The reflected intensity can be presented b
| expression'
027‘: N | 7\7 | 7J( 7777777 :7'\77770'2 ‘Eo‘ é_+R +2V Cow+md‘j
\ | | | g _lJ

0 where the term is the result of the
interference of incident and reflecting fluxe

Incidence angle 6/6,

Xarzay, et T ecetifoine foact 0rTﬁeﬁhbsés‘hﬂtsdepéhﬂéﬁhqﬁbl?déncé”9

multiple total reflections withR.") and without A e e A
(R.) taking into account the interference effects 9 o

in the reflector volume. Curves are calculated foCoherence lengti¥l ,%/D |, but taking into
CukK, fluxreflection on Si@plates with the gccoynt the phase shift variation we evalu

SDsCIPURINETEIAY S gnsiEtcs of UL the size of the interference area in vacuun
(1,2,3,4) correspond to 1, 10, 100, 1000

consecutive reflections, accordingly. /2= 02/(2D I )



X-ray standing wave field arising in planar extended
slit formed by reflectors with ideal quality surfaces

OMultiple total reflection propagation
S> 22D | The mechanism of multiple tota

ﬁ\ \ reflection is characterized by
l—— >\~ N\ discrete mode structure with
N NG \\\

/[ 4B P

..... selection of magic angles set,

N VAVAVAY oS,
NG/ LR EERE \\ e : :
N\S———— A S — which are characterized by the

phasing of consecutive

reflections.
b Waveguideresonance propagation P EE A B e oTlAIce
propagation mechanism is
(X-ray beam superstream) S 72D | characterized by the phasing at

iIncidence angleg (q¢q. - critical
----------- = #% angle of the total reflection) that |

the continuous mode structure. T

*\$ e * uniform interference field appear

£ \ : in all space of the planar extendt
‘1 = ' Wk slit. At application of ideal

X : : _ Iy CATECE A VA e B gl O
P= ;*/8D |- the interference field protrusion  transports the radiation flux almo

parameter for the wavegutdesonator. without attenuation




Function of the Intensity distribution for the
X-ray standing wave In the quartz
waveguideresonator

Quartz reflector Quartz reflector

|

Standing wave intensity (1 /Ezo)
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|
T
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| Intensity distribution function for an

XSW In a waveguideresonatorslit

andtop layersof quartzreflectorsfor

an X-ray beamimpinging on the slit

under a certain angle of a total

reflectionq for quartzreflectors The
function without taking account
attenuationin reflectors volumes is

shownby a dashedine. Thefunction

reflectsthe picturefor | ,=0.1541nm

(CuKa); g=0.929; s=97 nm.

\f; W(x)=W,expl- a m)



Mechanical interpretation of multiple total reflection (a)
and waveguideresonance propagation (b) of Xray flux

a Reﬂector S>(d .
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Before interaction After interaction W :‘Vo‘

N acasecanbe characterizedby the chaoticandthe regulatec
trajectoriesf ballswith significantlossesf energy

N b @aseis characterizedy the energytransportingwithout
losses



GoosHanchen shift for any radiation flux in
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The interference field of X-ray standing wave area
arising at the radiation flux external total

reflection. Evaluation of the area size
M.J. Bedzyk and others suggestedthe principle idealizing model for the

Interferencefield of X-ray standingwave The idealizing model assumeghat
iIncidentflux is: 1. The uniform planarwave 2. The absolutemonochromatical
wave In frame of theseassumptionghe interferencefield areasize must be
nonlimited

But the realradiationflux in experimentasthe limited width (H.K.V. Lotsch//
JOSA V58(4). 1968 pp. 551-561), andthe radiationis alwayscharacterizedy
the monochromatizatiordegreedefined by relation betweenl ; and D |. The
emission processis characterizedoy the relaxation time, which definesthe
photonlengthor the coherencdength parametei(M. Born, E. Wolf. Principles
of Optics)

=l ;2D | (1)
This parametenreflectsthe possiblelongitudinal size of the interferencefield
area For the evaluationof the areatransversesize L, it is heededo attractthe
conceptionof the radiationspatialcoherencencluding the geometryparameters
of theexperiment



The spacecoherenceonceptiondemandgo takeinto accountthe real distance
betweenX-ray sourceandreflection point NRo width of the sourcefocal spot
ADwo andthe divergenceangleD j. Theinterferencecanariseif the expressior
valid (L. Mandel, E. Wolf, Optical coherenceand quantumoptics Cambridge

Univ. PressCambridge 1995 1896p.): 2 o A A”ﬁ.:.-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_:_._L,
. Awl < R >3 A “‘:::::::::::::‘-'—154:'2
N o g ot L=l
For thetotal reflectionpoint 00 this conditionwill gaintheform:
/o>L DwW/R (3)

Becausethe radiationflux hastwo dimension,it is possibleto introducethe
parameter thecoherencequares:

s =12 =/2R?/Dw? @

The product of the coherencelength and the coherencesquareis the space
coherenceolume

00,3
0 o0
Vooh = aQDTN aetT D (5)
It Is very productively to comparethe spacecoherenceconceptionwith the

guantummechanicaldefinition for the elementalcell of the photon phase
space



Lets a quazimonochromaticX-ray flux propagateslong x-direction beennormalto the sourcespot
plane Photonswith different momentumand polarizationwill be independentn the flux andcanbe
describedn termsof i 0 P d 0 t phasaspace So, the phasespaceelementarycell volumewill be

describedy:.
Dp,Dp, Dp, Do, Do, Dg, = h° 6)

Dp, are photonsmomentumsDg; arei t pdstionsand his the plunck constant Accordingly to De
Droglic corelationthe photonmonentunDp is connectedvith theradiationwavelengtH o by formula

Wherea is the unit vectorin the momenturrdlr |{)®1
Thegeometricatonsideratiorshows : Y g )
2 = (o] Dw
on,=0v, =2psil 3o By ),
Theuncertaintyof Dp, is definedby i teaesgyuncertainty
DE = Dp,c=hDrg =hD/ //3 (9)

Wheren, is the frequencymonochromatisndegreeof the radiation
On substitutingfrom (7) and(8) into (6) we obtain

Da,Da, Dy, = (B/DW)Z%!%/ 8/ 5 (10)

Everybodycan seethe equivalenceof (5) and (9). So, the areaof X-ray standingwave interference
field is the photonelementarycell of the phasespace And it is very importantto noticethatthe photon
spaceuncertaintyis not characterizedby the certaindirection Becauseof this, the coherencelength

can_be served as the transverse measure for the interference field area as similar_as i t

londitudinal one




Independent demonstration of the waveguideesonance In
result of X-ray quasimonochromatic flux propagation
through the Si small angular structure

Reflector - ~
angle Si EDX
Dectector = 200- I
Si reflector A %
. = o T
T Si 3
Monochromatic : l Drift z 100 -
X-ray radiation Si sample Detector Z
I carrier 2
=
0 [ : ‘
Z-stage 0 ol o 0

0 (degree)

Intensity of MoKa beam propagated through
Si-angle structure

| peak is connected with the total reflection phenomenon fayXlux; |l peak
characterizes the waveguidesonance (or radiation superstream) propagation thre
the small angle structure

From work L. Tsuji, F. Delalieux. Characterization ofays emerging from betweer
reflector and sample carrier in reflectmmsisted TXRF analysis /-bay spectrometry.
V33. 2004. P. 28P284.



Properties of planar X-ray waveguideresonator
PXWR (radiation superstreamer RSS)

1. Thewidth of X-ray threadflux formedby PXWR is not exceededhe coherencdengthof the transporting
radiation(for main X-ray tuberadiationss<200nm, physicallimit for s size- 7 nanometers)

2. The captureangleof the radiationis equalto the divergenceangleof emergenbeamandboth anglescan
notexceedhe doubleangleof theradiationtotal reflection

3. Thedirect X-ray beamcannot propagatehroughthe PXWR exceptthe depositfrom the incidentbeam
diffraction oninput of PXWR slit.

4. The spaceradiationdistributionin PXWR emergentbeamdemonstrateghe onecomponentbutline with

almostGausdorm, andi tfd@rm doesnotdependrom theintensityirradiationdistributionin the source

5. The diffraction satellitesappearingdo not accompanyto the spaceradiation distribution in PXWR

emergenbeam

6. The off-axisincidenceof X-ray beamon PXWR input leadsto a fission of the emergenbeamdistribution
on two Gaussform componentswith equalintensitieswith double incidenceangle betweeni t giavity

points

7. PXWR is characterizedoy a density radiation enhancingin i t shtsspace Relation of X-ray source
projectionwidth to thewidth of PXWR slit characterizethe increasingactor. (Averagevaluei t ntagnitude
Is near1000.

8. The waveguideresonancemechanismof X-ray transportationis characterizedoy the transportlosses
minimization,i.e. realizestheradiationsuperstream

9. PXWR assumes®perationwith the emergeniX-ray beamparameter®y influenceon the interferencdield

of X-ray standingwave,whichis createdoy theradiationflux in the spaceof PXWR slit.

10. The mode structurecharacterof the flux propagateadhroughthe PXWR slit is characterizedoy the

continuouscharacter

11. Waveguideresonanc®-radiationfilter cannotbe preparedn baseof simplestPXWR.



Schematic designs of Xay flux forming systems

One slit-cut former: great
size, high total intensity an
high divergence of the
emergent beam.

Fl— % % Sk Double slit-cut former:
= £ e middle size, middle total
Intensity and small
divergence of emergent
S 5 <F beam.
y

Mono (poly) capillary
o Y former. middle size, high
total intensity and middle

Spwr<<E divergence of emergent
/ beam.

AQ,=AQ, AQ, Simplest waveguide
The practical tasks of PXWR perfection are the ~ I€sonator: supersmall size
increasing of itos emer goviofal integsityniddlg

decreasing of itos divEYgeee e .




Total intensity of fluxes produced by different

former systems

One slitcut former

Double slitcut former
(Is2557100 mm)

Mono (poly) capillary
former (quartz)
Simplest PXWR (quartz)

Intermediate extended
planar slit (quartz)

Experimental data
correspondetb tube
BS\-24 (Cu) power
U=20 keV, [=10
mA. Size of focus
projection0.1 mm.

First problem of PXWR low integral intensity



