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The relationshipbetweenthe anomaloustransmissionandthe negative extinction in the
symmetricalBraggcaseneartheabsorptionedgeis studiedin detail.Thenegativeextinc-
tion resultsfrom theanomaloustransmissionandtakesthelargestvaluewhenthediffrac-
tion is inducedonly by theimaginarypartof theatomicscatteringfactorneartheabsorp-
tion edge.Theappearanceof thenegative extinction alsodependson temperature,which
canbeusedfor theidentificationof thetheoreticalmodelfor calculatingtheDebye-Waller
factor.

1. Introduction

X-ray diffraction theoriesarecalleddynamicalor kinetic, accordingto whetherthe
multi-scatteringeffect is taken into accountor not [1-5]. The observation of Borrmann
effectandPendell̈osungfringesprovesthevalidity of thedynamicaltheory.

With X-rays from a synchrotronradiationsource,it is possibleto make
�
Fhr
�
smaller

than
�
Fhi
�
, evenFhr � 0, nearanabsorptionedgeof a constituteatomof a perfectcrystal
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[6-7]. Here,Fhr andFhi arethecontributionsof therealandimaginaryparts,respectively,
of theatomicscatteringfactorto thecrystalstructurefactor. In 1992,Kato presentedthe
generalformulaefor calculatingthereflectivity for a semi-infinitecrystal,which is valid
evenwhenFhr � 0 [8]. Thecorrespondingformulaefor afinite parallel-planecrystalwere
derivedby Xu Zhangchengetal. in 1995[9]. Morerecently, thepresentauthorsfoundthat
the famousKato-Ewald theoremis not valid when � Fhi � is comparative to �Fhr � nearthe
absorptionedge[10,11].

It is well known, the extinction effect in the Braggcaseundernormalexperimental
conditionsis oneof themostimportantdynamicaleffects.This effect manifestsitself not
only in the integratedintensity, but also in the secondaryfluorescenceemission[3,12].
However, theanomaloustransmissioncantakeplaceat theexactBragganglein theBragg
casewhen � Fhr � is smallerthan � Fhi � neartheabsorptionedge,aspredictedin Ref. 9. The
purposeof thepresentwork is to show how suchaneffectaffectsthereflectivity, especially
theintegratedintensityfor theperfectcrystal.

2. Theoreticalbasis

Theparametersusedin thepresentwork arephysicallythesamewith thosein Ref.1,
avoiding theproblemof infinity whenFhr � 0 [8,9].

2.1. Thereflectionandtransmissioncoefficientsfor a finiteperfectcrystal
[9]

Thereflectivity in theBraggcasefor a finite perfectcrystalis givenby

Ph

P0
��� 1 � 2psinδ � cosh� 2AI1 �	� cos� 2AR1 �

P1 
 � 1�
where

P1 ��� y2 � g2 � R2
1
� I2

1 � cosh� 2AI1 �	� 2 � yR1
� gI1 � sinh� 2AI1 � � � 2�

� y2 � g2 � R2
1 � I2

1 � cos� 2AR1 � � 2 � yI1 � gR1� sin� 2AR1 � 

R1 ���� � L1

� B� � 2
 � 3�
I1 ���  � L1 � B� � 2
 � 4�

L1 �  B2 � C2 
 � 5�
B � y2 � g2 � 1 � a2 
 � 6�
C � 2 � gy � pcosδ � 
 � 7�

104 FIZIKA A 6 (1997)3, 103–110



XU ZHANGCHENG ET AL .: THE RELATIONSHIP BETWEEN THE ANOMALOUS . . .

g ��� 1 ��� b � � χ0i

2� b K � χh � � � 8�

y � � b � � θ � θB � sin2θB � 1
2 � 1 ��� b � � χ0r� b K � χh � � � 9�

b ��� sin� ΘB � α � � sin� Θ � α � � � 10�
A � πK � χh ��

sin� Θb � α � sin� ΘB � α � � � 11�

p � � χhr χhi �� χh � 2 � � 12�

a � � 2 χhi� χh � 2 � � 13�

� χh � 2 ��� � χhr � 2 ��� χhi � 2 � � 14�

χhr ��� χhr � eiαhr ��� e2

Vπmν2 Fhr � � 15�

χhi ��� χhi � eiαhi ��� e2

Vπmν2 Fhi � � 16�
δ � αhi � αhr � � 17�

χh � χhr � i χhi � � 18�
In (15)and(16),V is thevolumeof acrystalcell, ν theX-ray frequency, andmande

themassandthechargeof anelectron.In (11),ΘB is theBraggangle,α theanglebetween
thediffractionplaneandthecrystalsurface,andK thewavenumberin vacuum.In (3) the
negativesignis takenonly whenB  0 andC  0, but in (4) only whenB ! 0 andC  0.
Thetransmissioncoefficient is

Pd

P0
� L1 exp" 2Ag� 1 � b� � � 1 � b� #

P1
� � 19�

FIZIKA A 6 (1997)3, 103–110 105



XU ZHANGCHENG ET AL .: THE RELATIONSHIP BETWEEN THE ANOMALOUS . . .

2.2. Integratedintensity

Theintegratedintensityfor a finite perfectcrystalis givenby

Rdyn $�% & b & & χh &sin2θ
Ry

dyn ' A0 ( g0 ( k) ( b* $�% & b & & χh &sin2θ

∞+
, ∞

Ph

P0
dy- ' 20*

Theintegratedintensityfor anideally imperfectcrystalis givenby

Rkin $�% & b & & χh &sin2θ
Ry

kin ' A0 ( g0 ( k) ( b* ( ' 21*
where

Ry
kin ' A0 ( g0 ( k) ( b* $ ' 1 . e4Ag* π

4
' 1 . 2psinδ *

& g & - ' 22*

Fig. 1. Therockingcurvesof the transmittedbeamof a finite parallel-planecrystal.The
parametersare: A $ π ( δ $ 0, (1) χhi $ 0 ( g $ . 0 - 1 ( (2) & χhr & $ 10 & χhi & ( g $ . 1 - 0, (3)

& χhr & $ 6 & χhi & ( g $ . 1 - 0, (4) & χhr & $ 2 & χhi & ( g $ . 1 - 0, (5) & χhr & $ & χhi & ( g $ . 1 - 0 and(6)
χhr $ 0 ( g $ . 1 - 0.
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When
A / ∞ 0 if g 12 03 4 e4Ag / 0 0 233

k5 2�6 χhr 66 χhi 6 4 0 243
p 2 k5 1 0 1 7 k5 23 4 0 253

a 2�8 21 0 1 7 k5 23 9 0 263
3. Therockingcurvesof thetransmittedbeams

Accordingto Eq. (19), therockingcurvesof thetransmittedbeamof a finite parallel-
planecrystalin thesymmetricalBraggcasearecalculatedfor all kindsof absorptioncases.
Whenχhi

2 0 (Fig. 1, curve 1), thecurve shows a symmetricaldip with respectto y 2 0;
whenχhrχhi 12 0 (curves2 to 5), thecurve is not symmetricalto y 2 0, which is dueto the
asymmetryof theabsorptioncoefficient.Theanomaloustransmissionin theregion y : 0
andtheanomalousabsorptionin the region y ; 0 areclearlyseen.When 6 χhr 6 ;�; 6 χhi 6 ,
theanomaloustransmissionis

Fig. 2. The dependenceof Rdyn 1 Rkin on the ratio of 6 χhr 6 and 6 χhi 6 . The parametersare:
g0
2�< 1, A50 2 2A1 0 A 7 π 3 , δ 2 0, (1) 6 χhr 6 2 10 6 χhi 6 , (2) 6 χhr 6 2 8 6 χhi 6 , (3) 6 χhr 6 2 6 6 χhi 6 ,

(4) 6 χhr 6 2 4 6 χhi 6 , (5) 6 χhr 6 2 6 χhi 6 , (6) 6 χhr 6 2 0.
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verysmall.Notethattheanomaloustransmissionoccursin theso-called”total reflection”
region,when = χhr = >�= χhi = . Whenχhr ? 0 (curve6), therockingcurveshowsasymmetrical
peakwith respectto y ? 0, whichmeanstheanomaloustransmissionis thelargestatexact
Braggangle.

4. Primaryextinctionandnegativeprimaryextinction

Darwinfirst predictedtheprimaryextinctionphenomena,whenheconstructedhisdy-
namicaldiffractiontheory. Thatis to say, whenreflectionoccurs,thetransmissiondepthof
X-raysis muchshallower thanwith normalabsorption.Only several thousandsof atomic
layersnearthecrystalsurfacecontributeto thediffractionandthecontributionof thelower
partis nearlyzero.However, theanomaloustransmissionoccursin theso-called”total re-
flection” region,whichmeansmoreatomiclayerscontributeto thediffractionin theperfect
crystalthanin thecorrespondingideally imperfectcrystal.This will resultin theappear-
anceof negative primary extinction - the integratedintensity for a perfectcrystalbeing
largerthanthatfor a correspondingideally imperfectcrystal.

As shown in Fig. 2, Rdyn @ Rkin is calculatedfor typical absorptioncasesby directinte-
grationof the reflectedrockingcurves.Theparameterg0 ? χ0i @ = χhi = is setto – 1, which
meanstheeffectof temperatureis not takeninto account.It can

Fig. 3a.Thedependenceof Rdyn @ Rkin on temperature.Theparametersare:AA0 ? 2A@ B A C
π D , δ ? 0, = χhr = ? 10 = χhi = , (1) g0 ?FE 1 G 0, (2) g0 ?FE 1 G 05, (3) g0 ?�E 1 G 1, (4) g0 ?�E 1 G 2,
and(5) g0 ?�E 1 G 5.
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be seenthat RdynH Rkin increaseswith the decreasingof kI . When J χhr J KLJ χhi J (curves1
to 4), RdynH Rkin M 1, which is calledthe primary extinction. When J χhr J M J χhi J , (curves
5,6), RdynH Rkin N 1, which is calledthe negative primaryextinction. Whendiffraction is
inducedonly by the imaginarypart the atomicscatteringfactor (χhr O 0), the negative
primaryextinction takesthe largestvalue.As shown in Fig. 3, the effect of temperature
on RdynH Rkin is studied.When J χhr J NPN J χhi J , (Fig. 3a), RdynH Rkin increasesand tends
to 1 whenthe temperatureincreases(g0 increasing).However, whenχhr O 0 (Fig. 3b),
Rdyn H Rkin decreasesandtendsto 1 whenthe temperatureincreases.If the temperatureis
high enough,the negative primary extinction will disappear, which may be usedfor the
identificationof thetheoreticalmodelfor calculatingtheDebye-Waller factor.

Fig. 3b. Thedependenceof RdynH Rkin on temperature.Theparametersarethesameasof
Fig. 3a,exceptfor χhr O 0.
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ODNOSANOMALNE TRANSMISIJEI NEGATIVNOG GAŠENJA U BRAGGOVOM
SLUČAJU

Podrobnose razmatraodnosanomalnetransmisijei negativnog gǎsenjaza simetrǐcan
Braggov slučaj.Negativnogǎsenjeje posljedicaanomalnetransmisijei najvećeje kadaje
difrakcija uzrokovanasamimimaginarnimdijelom atomskog faktoraraspřsenjau blizini
apsorpcijskog ruba. Pojava negativnog gǎsenjaovisi takodero temperaturi,̌sto semože
primijeniti zaprepoznavanjeteorijskog modelapri izračunavanjuDebye-Wallerovog fak-
tora.
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