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The relationshipbetweenthe anomalougransmissiorand the negative extinction in the
symmetricaBraggcasenearthe absorptioredgeis studiedin detail. The negative extinc-

tion resultsfrom theanomaloudransmissiorandtakesthe largestvaluewhenthediffrac-

tion is inducedonly by theimaginarypartof the atomicscatteringactornearthe absorp-
tion edge.The appearancef the negative extinction alsodependon temperaturewhich

canbeusedfor theidentificationof thetheoreticalmodelfor calculatingthe Debye-Waller

factor

1. Introduction

X-ray diffraction theoriesare called dynamicalor kinetic, accordingto whetherthe
multi-scatteringeffect is taken into accountor not [1-5]. The obsenation of Borrmann
effectandPendelbsungfringesprovesthe validity of thedynamicaltheory

With X-raysfrom a synchrotrorradiationsource,it is possibleto make |F,| smaller
than ||, evenF, = 0, nearan absorptionedgeof a constituteatomof a perfectcrystal

FIZIKA A 6(1997)3,103-110 103



XU ZHANGCHENG ET AL.. THE RELATIONSHIPBETWEEN THE ANOMALOUS. ..

[6-7]. Here,/,, andR,; arethe contributionsof therealandimaginaryparts,respectely,
of the atomicscatteringactorto the crystalstructurefactor In 1992,Kato presentedhe
generalformulaefor calculatingthe reflectiity for a semi-infinitecrystal,which is valid
evenwhenk,, = 0[8]. The correspondindormulaefor afinite parallel-planerystalwere
derivedby Xu Zhangchengtal. in 1995[9]. Morerecentlythepresentuthorsoundthat
the famousKato-Ewald theoremis not valid when|Fy| is comparatie to |F | nearthe
absorptioredge[10,11].

It is well known, the extinction effect in the Bragg caseundernormal experimental
conditionsis oneof the mostimportantdynamicaleffects. This effect manifeststself not
only in the integratedintensity but alsoin the secondanfluorescencemission[3,12].
However, theanomalougransmissiorcantake placeattheexactBragganglein theBragg
casewhen|F| is smallerthan|FR,| nearthe absorptionedge aspredictedin Ref. 9. The
purposef thepresentvork is to shov how suchaneffectaffectsthereflectiity, especially
theintegratedintensityfor the perfectcrystal.

2. Theoetical basis

The parametersisedin the presentvork arephysicallythe samewith thosein Ref. 1,
avoiding the problemof infinity whenk,, = 0[8,9].

2.1. Thereflectionandtransmissiortoeficientsfor a finite perfectcrystal

[9]
Thereflectvity in the Braggcasefor afinite perfectcrystalis givenby
P _ (1-2psin3) cosh2Al;) — cos{ZARl), (1)
Po Py
where
Py = (Y2 + g%+ R2+12) cost{2Al1) — 2(yRy + gly) sinh(2Al1)— ()

(Y*+9°— R — 1) COY2ARy) + 2(yl1 — gR1) Sin(2ARY),

Ri= £/ +B)/2 3

I =++/(L1 — B)/2, 4

L =VB2+C?, (5)
B=y’—g?—1+a% (6)
C=2(gy— pcosd), ()
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(1+b]) Xoi
=TV AY 8
9= 2VbK [xil (®)
|b| (6 — 88) Sin20g + 3(1+|b]) Xor
= — ) 9)
VB K [Xnl
b= —sin(Gg+ a)/sin(® — a), (10)
— K , (1)
\/sin(@p + @) sin(0p — a)
[Xhr Xnil
=—, 12
X2 (12
V2 Xhi
— VEXni 13
2 a3
IXnl? = o/ IXnel2 + [Xnil?, (14)
, e
Xhr = |th| g = _VTI]'TNZ Fhfa (15)
o e?
Xhi = |Xni| €% = —WFhi, (16)
3 = Olpj — Olpy, (17)
Xh = Xbr +1 Xhi- (18)

In (15)and(16),V isthevolumeof acrystalcell, v the X-ray frequeng, andmande
themassandthechageof anelectron.n (11),0g is theBraggangle,a theanglebetween
thediffractionplaneandthe crystalsurface,andK the wavenumbeiin vacuum.n (3) the
negative signis takenonly whenB < 0 andC < 0, butin (4) only whenB > 0 andC < 0.
Thetransmissiorcoeficientis

Py Liep{2Ag(1+b)/(1—b)}
Po Py

. (19)
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2.2. Integratedintensity
Theintegratedintensityfor afinite perfectcrystalis givenby

/Il Xl il Ph
Rayn = ~5in2g Rayn(0, Go:K',b) = sin20 Po (20

—00

Theintegratedintensityfor anideally imperfectcrystalis givenby

Run = VIO n0, 0,1, @
where
1-2 0
Rin (Ao, ) = (1— 49) 7 C=E 00, 22

1E-01 fooeem=™ T

1.E-02

Fig. 1. Therocking curvesof the transmittedbeamof a finite parallel-planecrystal. The
parameterare: A=1,0=0, (1) Xni = 0,0 = —0.1, (2) |Xnr| = 10 |Xni],g = —1.0, (3)
[Xne| = 6 |Xnil, 9= —1.0, (4) [Xnr| = 2 Xnil, 9= —1.0, (5) [Xnr| = [Xnil,g=—1.0 and(6)
Xhr = Oag: -1.0.
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When
A= o (if g#0), €950 (23)
kl — |th| , 24
o] 9
p=K/(1+K?), (25)

a=1/2/(1+k2). (26)

3. Therodking curvesof thetransmittedoeams

Accordingto Eq. (19), therocking curvesof the transmittedoeamof afinite parallel-
planecrystalin thesymmetricaBraggcasearecalculatedor all kindsof absorptiorcases.
Whenyy; = 0 (Fig. 1, curve 1), the curve shavs a symmetricaldip with respecto y = 0;
whenXnxni#0 (curves?2 to 5), the curve is not symmetricako y = 0, whichis dueto the
asymmetryof the absorptiorcoeficient. The anomaloudransmissionn theregiony < 0
andthe anomalousabsorptionin theregiony > 0 areclearly seen.When|Xne| >> [Xnil.
theanomalougransmissioris
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Fig. 2. The dependencef Ryyn/R«in 0n the ratio of |Xn| and|xni|. The parametersire:
go=—1,A5=2A/(A+m),5=0, (1) |Xnr| = 10|Xnil, (2) [Xnr| = 8 Xnil. (3) |Xnr| = 6 |Xnil.
(@) [Xnel = 4 1Xnil, (5) IXnel = Xnil, (6) [Xnr| = 0.
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very small. Notethattheanomalougransmissioroccursin the so-called’total reflection”
region,when|xnr| < |Xni|- Whenxn, = 0 (curve 6), therockingcurve shovsasymmetrical
peakwith respecto y = 0, which meangheanomalousransmissioris the largestat exact
Braggangle.

4. Primary extinctionandnegativeprimary extinction

Darwinfirst predictedthe primaryextinction phenomenayhenhe constructedis dy-
namicaldiffractiontheory Thatis to say whenreflectionoccurs thetransmissiordepthof
X-raysis muchshallaver thanwith normalabsorptionOnly severalthousand®f atomic
layersnearthecrystalsurfacecontributeto thediffractionandthecontrikution of thelower
partis nearlyzero.However, theanomaloudransmissiormccursin the so-called’total re-
flection” region,whichmeansmnoreatomiclayerscontrituteto thediffractionin theperfect
crystalthanin the correspondingdeally imperfectcrystal. This will resultin the appear
anceof negative primary extinction - the integratedintensity for a perfectcrystalbeing
largerthanthatfor a correspondingdeally imperfectcrystal.

As shavn in Fig. 2, Rayn/Ruin is calculatedor typical absorptiorcasesy directinte-
grationof the reflectedrocking curves. The parametego = Xoi/|Xni| is setto — 1, which
meanghe effect of temperaturés nottakeninto accountlt can
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Fig. 3a. Thedependencef Ryyn/Rin 0ntemperatureThe parameterare: Ay = 2A/(A+

m, 3=0, |Xnr| = 10|Xni|, (1) go = —1.0, (2) go = —1.05, (3) go = —1.1, (4)go = —1.2,
and(5)go = —1.5.
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be seenthat Ryyn/Ryin increasesvith the decreasingf k'. When|Xnr| > |Xni| (curvesl
to 4), Rayn/Riin < 1, which is calledthe primary extinction. When || < |Xni|, (curves
5,6), Rayn/Rin > 1, which is calledthe negative primary extinction. Whendiffractionis
inducedonly by the imaginarypart the atomic scatteringfactor (xnr = 0), the negative
primary extinction takesthe largestvalue. As shavn in Fig. 3, the effect of temperature
on Ryyn/Riin is studied. When |Xn| >> |Xnil, (Fig. 3a), Rayn/R«in increasesand tends
to 1 whenthe temperaturencreaseggo increasing).However, whenxp, = 0 (Fig. 3b),
Rayn/Rin decreaseandtendsto 1 whenthe temperaturéncreaseslf the temperaturés
high enough the negative primary extinction will disappearwhich may be usedfor the
identificationof thetheoreticaimodelfor calculatingthe Debye-Waller factor

1
Rtf\n

R

kin

105 [~

09 [~ —2)

08 1 | 1
0.36 1.36 1.60 N L7 181

4,
Fig. 3b. The dependencef Ryyn/Riin ontemperatureThe parametersirethe sameas of
Fig. 3a,exceptfor Xnr = 0.
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ODNOSANOMALNE TRANSMISIJEI NEGATIVNOG GASENA U BRAGGOVOM
SLUCAJU

Podrobnose razmatraodnosanomalnetransmisijei negatvnog gasenjaza simetrtan
Braggo slu€aj. Negativno gaSenjeje posljedicaanomalndransmisijel najveteje kadaje
difrakcija uzrokovanasamimimaginarnimdijelom atomslog faktoraraspgenjau blizini
apsorpcijskg ruba. Pojava negativnog gasenjaovisi takodero temperaturiSto se moze
primijeniti za prepoznganjeteorijskog modelapri izratunavanju Debye-Wallerovog fak-
tora.
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