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Nature of physical problem

Optical and dielectric constants of insulators and semlconductors are

calculated from reflectance spectra using the Kramers-Kronig-Dispersion-

relation l .

T f f f ^ - i - AIra(f(u). )) = - — — l - dco
k.

Tm(f(oj'))» Re(f(cc)) are the imaginary and the real part of the complex

function f(ci.), respectively (c.g. f(u)) = e(o:) = c (io) + i&:9 (w) ) .

Methüd of solution

Since reflectance spectra are only available in a restrictcd frequency

ränge, say between u) and u , the integral of eq (1) is split into
x. U

3 p a r t s :
cc . üj ^

f i- r u r
= T + 1 + 1

o£ £u u(X1

I and l are evaluatcd by assuming phvsical reasonable extrapolation
O >.' U'";

functions:

1. For 0 _ <jj <^ oj,( Re(f(o;)) = Re(f(no )) is assumed.

2. For u)~'w the electrons of the material are treated äs to behave
u

like a free electron gas.

For u:. < ui < cj Re(f (ü))) is expanded within small Intervalls to powers of co
j? — — u

(up to some degree m). Then I is evaluated by using these approximations

and by summation over all intervalls.

Res trietion on the complexity of the problem

J . This program computes optical and dielectric constants only from

reflectance spectra which are obtained with polarized light, the electrical

ficld vecLor of vhich i s lying either perpendicular or parallel to the plane

of incidence.
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2. For the Integration only the linear term of the expansion of Re(f(uj)) is

used. But according to the long write-up this program may easily be modified

if higher approximations are des ired.

Typical running time

Typical running time is about 50 sec on the IBM 360/75 for one set of data

and an output of 6000 lines printed.

L'nusual features of the pro gram

1. This program is especially suited to accept data in form of punched cards

from a card puriching machine (IBM 024) . The original, curves are converted by

means of a X-Y-recorder with retransmitti ng slidewire potentiomeLers and an

ana l og-digital Converter conne.cted to this punchi ng machine'' .

2. This program provides a test on the accuracy of the results and the. used

extrapolation functions. Consistency of the results are tesLed by calculating

t S (to) by means of eq (1) from the generated r. (ui)-curve and comparing it
2 l

1 . D.M. Roessler, Brit. J. Appl .Phys . _1_6, 1359 (1965)

2. J3. Sonntag, Thesis, Univers i ty of Hamburg, Hamburg, Germany (1969)



LONG WRITE-UP

l . ] Relation betwccn r (uQ and R(u.Q

As Krämers1 and Kronig^ have shown, dispersion rp.lations can be iormulated

für a large nunber 01 physical Systems, for which complex functions describe

tne respon.se of a System. Examples of such complex functions which are of

relevance for solid sLate and optical physics

a) comp l t'.x dielecLric constant r (;.o) = e: (in) + i-c (D)
l ^

h) complex refracti.on index 11(03) = n(io) + i-k((.s)

c ) comp L ex ref lect Lern rat i. o lnr(oj)=ln(/R-e ' ) ( l )

wliore 'ii i s t he Irequency , R t he reilectance , and v thc

phaseshif t hetween i ncident and rcf lected vave .

Rea l part f _ (:,.) arid i magi.nary part f ,, (t.)) of such functions are connected

l f - ( u > )

• — - - dco (2

'o t . a l c.iil a t. o • (i,) i r oin r (<*;) we use Fresnel' s equation for the ref lect ance of

ig:it w i th 11 u-- e.lectrical. vector perpendicular to the plane of incidence

.s-pD l a r i zation, ^ ; angl e of incidence ; now we omit ;ii) :

(3)

and a s i mi l a r expression for p-polarizati on

v1 r i t i n g ( : - - s in ' !) a + i - b we obta in f rom eqs. (1) and (3) for e and

the l i j ] lowing expressions :

wi th a = (l-R)coS't/c

b = 2 v'R • sinC • cos;|:/c (4)

C = ]-2v''R-COS;.' + R



and by straight forward calculations the equations for the other optical

constants, n k etc.*4

l.2 Extrapolation

Reflectance spectra are only given in the interval w = ru <*u)<u) = 10 for
'l l— — n u

not necessary equally spaced discret frequency values (CG.)- Tberefore we

have to take physical reasonable values resulting for those parts of the

integral spanning the interval s 0 < u < 10 and w < oj < *.
— — l n — —

These values here are obtained by extrapolating the reflectance spectra:

a) In the frequency region 0 < u> < oj R(UJ) = R(UJ ) i s taken.
— — l l

b) For u j > w the electrons of the inaterial are treated to hehave like a
n

free electron gas. The high frequency dielectric constant then i s

given by eq. (5):J

:(ül) « l + -E- (3)

wich LJ - plasma frequency. From this equation we obtain the asymptotic

high frequency behaviour of c , e, and R äs follows

(6)

2. INTEGRATION OF DISPERSION INTEGRAL

2.1 Integration of eq. (2) between u - 0 and u = co

In the interval uj. < CD < CD. . (i = l,...,n) function £,(w) is expanded
i — — i-r- j l

to powers of u>:
17 oo

V*>-I a...̂  (7)

j=0



U sing
d,: - 0, one gcts by simple straightforward evaluation

j=2

(8)

(9)

The contrilmtion of Lhe above interval to integral (2) then i s given by

i , i + l

. ,
i k

+ (s +,,, s,)*

J-2

In
) . ;j
i k

- In

U.i . , +II.J, 'i
i+l k 1

. .
i k

., . +

(10)

No w on l y a linear approxiniation of f . (u-0 is used, leading to

a .. and s.
11 l

= 0 for j

j. . co,
i+l k

- (a .- , a..)ln( ,
01 k 11 LJ . +

1 +

aL I on t. o u3=0 i s done by including ehe point (u>. ,R(u) )) = (0,R(oj)).

t Ion s i der R(.,;) = K(^ )•(:.; /-O äs extrapolatiori f unction f o r h i gh

lrequencjes with exponent i which should be set equal Lo 4 according

lo eqs. (6) . Then the exLrapolation term i s given by Lhe integral

de..:



Evaluation oi tbis integral rcsults

with p =

and
s(p)

(15)

For p-values i 2- l <p< l (b) gi ves beLLer convergence of series s than (a)

-2

In analogy to 1. consider f (tu) = l + (f (̂  )-l)'(<o /
l l n n

by f
|

T- = .'
k

Then I i s given
x

EvaluaLiun ot Integral (16) gives:

In
.

n k

2.3 ResulLs

Fron eqs. (2) and (12), (14) and (17) follows Lhe general equation:

with

T =<

— i \ s _,. \ i ̂
. J . . J \ijj-. Cx.' - ) in !.i ;.i .

l i l,i-l k i k i

J • . ,1 + 1
a. =a, =0

l o In



In the special case when t (LÜ ) - G(LO, ) one has to take
/ IC K

f (oo. ) = InR(ü). )

d — a

the F äs def. by eqs. (15asb)

In casc i. (& ) = E.^ (LO, ) one has to take
'V ? v k

f (o:..) - 2-r (u>.)

(20a)

4p- l p'~J~Z/(4j?-l) (20b)

with p = D, /u
r k n

(20b) avoids rounding errors for small p-values.

3. PROGRAM DESCRIPTION

The detailed working of the program is set out on Comment cards incorpo-

rated into the program. The program i s directed by means of the MAIN

segrnent. The input data are read in with the subroutine EINLES

(1END, K, NA, PHI, EXPO, A, RHO, NX, N, X, Y, TX) , the phase .'; of the

complex refleclivity is thcn computed in the subroutine KKAREF(N, 3*N, EXPO, X,Y)

With the resulting "(u;) the following optical constants äs functions of ̂

are computed in subroutine OPTKON(N} 10-N, PHI, POL, EXPO, A, RHO, X, Y) ,

us ing the Fresnel equations:

the complex dielectric constants e . c
t- 1 * 2

the complex refractive index n, k

the energy lossfunction Im(J/e)

tbe absorption coefficient p = 2-k-E/1.973 (E(eVj)



"o eff

N - electrons/moleculeeff

The resulting curves are then plotted together with the input data and G(:J)

on the lineprintcr by the Subroutine PLOTLX(K, NA, NX, NY, X, Y, ITX, TY, TY)

The results are. then checked for their accuracy and extrapolation, by

computing e (u) by means of a Kramers-Kronig analysis using the

calculated c . This is done by the Subroutine KKAEPS (N, 6-N, X, Y) and

a subsequent plotting o t" this result.

4. TEST RUN

One test example i s included to illustrate the main features of the pro gram.

For solidified Xenon the optical constants are computed from 7.8 to 14.5 eV

using near normal reflectance data.

4.l Test run Output

The Output is to a wide extent self-explanatory, it contains in the fi rs t

part all input data (for the special DESY-system) including those which

are omitted for two possible reasons:

a) the energy-value of a point i s less or equal the energy of the

preceeding point

b) the reflectance value is less than 10 l] .

Next a record is given of the computed optical constants together wi th the

energy of the incident light, the reflectance data and the phase shift.

Then the single parameters are plotted äs curves on the lineprinter.
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LEVEL 21.6 ( HAY 72 ) US/360 FORTRAN H DATF 73.083/01„

OPTIONS - NAMC= MA IN,GPT=00,L INECNT=6Q ,SIZE=OOGCK,
SQURCE.EÖCDIC,NOLIST.NOOECK,LOAO,NQMAP,NOEDIT,NOIO.NUXREF

c

c
c
c
c
c
c
c
c
c

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
L
c
c
c
c
c

KRAMERS-KRUNIG-ANALYSIS MAIN SEGMENT

THE OPTICAL AND DIELECTRIC P R O P E R T I E S Of SCLIDS ARE COMPUTED
FRUM THE ABSL1LUTE H. E FLEC TI VI TIE S USING KRAHERS-KRHNI G-AN ALYS I S

( S - R E F L E C T I V I T Y AT A N Y ANGLE PHI 1
(P-KEFLECTI VI TY AT ANGLES PHI LESS 45 OEGREE 1

DIMENSIGNS:
X ( N X ) , Y ( 1 Q * N X ) MAXIMAL NX VALUES ARE R E A D IN
(S t t CARU bZ AN3 CARD 63, IN TH I S V E R S I O N : N X = 6 3 C >

CGMPUTATION IS DQNE W I TH N ( L E S S OR EQUAL NX) VALUES

STGRAGE O R G A N I S A T I O N

A) MAINRUN ( C A L C U L A T I O N ÜF THF HPT ICAL C O N S T A N T S AND R E L A T E D
VALUES FF.CH ABSOLUTE 3CF Lf CTI V IT I ES )

X ( L ) EN ER GY
Y l 1 ), .., Yl N) ABSOLUTE REFLECTI V I T I E S
Y( N*! ) , . . ,¥( 2*N) PHASE THETA OUT (D ISPERSION INTEG
Y<2*N+i) , . . ,Y( 3*NI EPSILON 1
Y(3*N+it , . . ,Y(4*N) EPSILON 2
Y<4*N+1 ),..,Y( 5*N) I M A G I N A R Y P A R T U/EPSILON)
Y l 5*N*L l,..,YIf)*N) REFRAC T1ÜN1NDEX N
Y(6*N*1I, . . ,Y( 7*N) & B S O R P T I O N I N D E X K
Y ( 7 * N + 1I,..,Y1 9*N1 AB SHRP TI ONCOEFFICI E NT MY=2*K*E/1
Y( 8*N + 1 |, .. , Y( 9*N) EPSlLON-O-trrECTIV
Y(9*N+i 1 , .. , Yt 10*N) N-EhF tCTT V 1 F LECTRONS/ MOLECUL E )

3) TESTRUN ( CALCJLA T I UN HF E P SI LHN2 ( TF ST) FRQM EP5 ILCN1)

X(L J EfJERGY

Y( 1),...Y( N) A B S O L U T E REF LEC TI VI TI E S
Yl N-H), . . ,Y( 2*N) PHASF THE TA 1 GLD V A L U E S )
Y(2*N+l) , . . ,Y ( 3*N) EPSILON 1 (OLD V A L U E S )
Yl 3*N + lt,.., Yl 4*N) EPSILON 2 (GLO V A L U E S )
Y(4*N+i) , . . ,Y( 5*N) EPSILON2( TEST)
Y l 5*N + 1 », . . ,Y( 6*N) EPS ILON2< TE ST )-EPS 1 LON2

RAL 1

.973

T X t 2 i : ) , X I 6 0 0 ) , Y ( b^Ou)
REAL*4 TY( 8 0 ) y ' R E F L * , 'ECTI ' . 'VI T Y » ,' R

l ' E T A ',5*' ' , ' E P S I * , 'LGN ','1 ' ,5*- ' '
25** ' , ' I M A G 1 , ' ( l /ü1 . ' P S I L » , *ON) ' ,4*' « ,
3 ' , ' N • ,3*' ' . ' A B S O S ' R P T I ' t ' G N I N ' p ' D E X

, ' E P S I 1

' R F F K 1 ,
» , » K

'RPT I ' , 'ONCO'
"o-EF* i 'FECT 1

'S/HU' , ' LECIJ *

'EFF I '
' IV '
»LE I '

, 'C IEN '
,3*' • ,

, • T MY '
' N-CT • , ' FEC T ' , ' I V I

, 'PHAS' , ' E TH' ,
r ' L O N S '? ' ,
• A C T I ' , • V E I' , ' N D E X
' ,3* ' l , ' A B S O ' ,
' E P S ! ' , » L O N - 1 ,
' , 'ELFC' , 'TinN'T

in
11
12

20
21
22
23
24
25
26
27

32
33
34

35

46
47
48
49

51
52

57
53
59

ISN t'ÜC5
ISN OCu6
ISN wvL.8

ISN 0011

I S N

ISN Ü015

I S N Oul6

ISN 0017

ISN 0018

ISN ÜO19

ISN 0020
ISN 0022
ISN 0023

C
c—
C
c—
c

l CALL E I N L E S ( I E N D T K . , M A , P H I , P a L , E X P n , A , R H C ,

IFIN.lE.51 GDTJ 3
If(K.EQ.l .ÜR. K.EQ.JI K=N

, T X I

M A I N R U N

CALL K * A R E F ( N , 3 * N , E X P O , X , Y )

CALL O P T K D N ( N t l U * N , P H l , P U L , A , R H O , X , Y l

W R I T E ( 6 , f c O O I ) f I ,X( I ) ,( Yl I + N*L-N) ,L=1

DO 2 1 = 1 , 1 0
2 CALL P L O T L X ( K , N A , N , N * I , X , Y , 2 C , T X , I * a , 3 , T Y )

CALL K K A E P S ( N , 5*N,X,Y»
CALL PLÜTLX i K ,Nf t ,N,N*5

1=1, N

, X , Y , 2 C t T X , 6 , 6 t 'EPSILON2 EPSILQNl ' I

DO
4 Y(5*N»I ) = Y(4*N + II-Y( 3*N + I )

CALL PLOTLX(K,NA,N,N*6tX, Y, 2'J, TX , 6 ,6 , »EP5ILON2I TEST ) -E PS I LUNZ ' J

3 IFtlENO.EQ.G) GOTO l
STL1P

6001 F O R M A T I ' l I ENERGY R E F L E C T PHAS.THETA EPSILGN.l E',
1 »PSILON.2 IM(1 /£PS) RF.INDX N ABSINDX K ABSCOEF MY FPS.ß ' ,
2 «,EFF N.EFF' /4X, ' ',11(' « l/5 < 18 , U Fll . 5/U

ISN dOZ* END

»QPTICNS IN EFFECT* NAME* HA IN,OPT=00,LI NECNT = 60,SIZE=0000 K,

«QPTIONS IN EFFECT* 50UR.CE, EBCDIC »NULI ST.NOQECK , LtlAD ,NOMAP, NOEOIT ,NOI D, NOXREF

«STATIST ICS* SGURCE STATEMENTS « 23 ,PROGRAM SIZE - 28136

*STATISTICS* NG DIAGNOSTICS GENERATED

.**»»* EMU CF CCMPILATION ****** 145K BYTES OF CORE

6?
63
64

7'1

7l

72
73
lu

75
76
77
78

7*
g,-»

ei
82

9)
«52
93
94
95
96
97
98





LEVEL 21.6 ( MAY 72 ) OS/360 FORTRAN H

COMPILER OPTIONS - NAME» HA IN,OPT-00,LINECNT-60 .5XZE-QDD3K,
SOURCEiEBCDIC,NOLIST,NaDECK,LQAO,NaHAP,NOEOIT,NOID,NOXREF

^ SUBFOUTINE OPTKUNtNX t NY,PHI ,POL t A,RHO,X,YI

ISN O O L 3

ISN OOU4
ISN ÜÜÜ5
ISN Ü0u6
ISN CiJü7
I S N oooe
ISN «Ou9
ISN OÜlÜ
ISN 0011
ISN u012
ISN J0i3
ISN uQi.4
ISK JÜ15
ISN 0016
ISN J017
ISN ÜUi6
ISN JÜi9
ISN 0020
ISN 0021
ISN «022
ISN J0^3
ISN L.Ü25
ISN UÜ26
ISN UU27
ISN u028
I1>N -U29
ISN UU30
ISN 0031
ISN 0032
ISN 0033
ISN 0034
ISN 0035
ISN ÜU36
ISN ÜU37
ISN JÜ39

L«

C
c
c
c

c
c
c
c
c
c
c
c
c
c
c
c
c

COMPUTATIDN DF THE DPTICAL CONSTANTS OY FRESNELS FORMULA)
AND ASSOCIATED VALUES

XU) ENERGY
Y( l)»...Yt NX)
Y( NX*1)...,Y(2*NX)
Y(2*NX+1),..,YI3*NX1
Y(3*NX*1) i.. iYI4*NX)
Y(4*NX+1),.,,YI 5*NXJ
YI5*NX+1>».. ,YI6*NX)
Y(6*NX+1 ),. . ,Y1 7*NX)
Y(7«NX+1)«.. , Y( a*NX)
Y(6*NX+1),. . ,Y(9*NX)
Y(9*NX+1J... ,Y110*NX1

ABSOLUT REFLECTIVITIES
PHASE THE TA
EPSILON 1
EPSILON 2
IMAGINARY PART (1/EPSILON)
REFRACTIONINDEX N
A8SQRPTIÜNINDEX K

A9SORPTIONCOEFFICIENT MY«2*K*E/1,973
EPSIl.DN-0-EFFECTIV
N-EFFECTIV { E LECTRONS/MOLECULE 1

REAL** X ( N X I , Y ( N Y I , P / ' P ' /
LOGICAL*A L
L=PQL.EQ.P
PI-I^PHI*. 01745329

Cß=SIN(PHll*»2
CA=1.-CB
CG=i.57ü8
CH=C.
DO 1UCC I^liNX
CC=Y(NX+I)
CD=Y( I)

C£=SQRT(CD)
CE=CE*CE
CF= l.*OCE*COS(CC t
CD- ( l . -COt/CF
CE-CE/CF*SIN(CCI
CF«CD*CD-CE*CE
Ct>CD*CD
CE«CD*CE
IF(LI &OTD 6
CF«CF*CA*CS
CE"Ct*CA

GÜTO B
6 CF-CF/CA

CE-CE/CA
CF1-=CF
CE1=C£
CC=CF*(CF-4.*CB)-CE*CF
CD=CE*ICF+CF-<».*CB1
CI=SQRT(CC*CC+CD*Cni
CJ=5öftTI .5*tCI-CCI J
CK=SQRT(.5*(CI+CO)

T.O.) CK=-CK

248
249

250
251
252
253
254

255
256
257

258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
28C
281
2fl7
263
284
285
286
267
288
289

290
291

292
293
294
79?
296
297
298
299

3 PO
301
3C2
303

ISN OU4C
ISN «041

ISN «042
ISN u044
ISN 0045
ISN 0046
ISN o047
ISN UD48
ISN 0049
ISN OÜ5U
ISN 0051

ISN ^032
ISN 0053
ISN 0054
ISN OÜ55
ISN 0056
ISN 0057
ISN 0058

CE=,5*(CE+CJ l

8 Y(2*NX+I ) =CF
IFII.EQ.1I GOTO 9
C C = C E * { X f I ) -X( I-U l
CG=CG«CC/X<I)
CH=CH*CC*X( I )

9 Y ( 3 * N X * I t «CE
CC=CF*CF+CE*CE
y[4»NX*I ) «CE/CC
CC*SQRT(.5*( S Q R T ( C C ; i * - C F ) I
Y(5*NX+I ) =CC
CE=CE/ ICC+CC)
Y(6*NX*I l
Y17»NX*I)
YI8*NX+I)

IOOO YI9»NX+I)
RETURN

END

= CE
«Xt I) »CE/.9865
=CG*.63662
=CH*CNEFF

305
306
307
306
309
3 IC
311
312
313
314
315
316
317
318
319
32C
321

+OPT1ÜNS IN EFFECT*

•OPTIONS IN EFFECT*

MAIN,nPT=OOfLINECNT=60tSIZE«OOOOK,

SÜURCE.EQCDIC.NOLIST.NDDECK.LOAD.NOHAP.NOEDITiNOIO.NOXREF

» S T A T I S T I C S * SGURCE STATEMENTS 57 .PROGRAH SIZE 1718

•STATISTICS+ NU DIAGHOST1CS GENERATEO

*«**«>* END QF CQMPILAT1DN ****** 145K BYTES OF CORE HOT USEO



LEVEL 21.6 ( MAY 72 l OS/360 FORTRAN H DATE 73.063/01,31.^2

ISN U002

COMPILER OPTIQNS - NAME- MAIN,OPT-00,LINECNT»60 ,SIZE=OOOOK,

SOURCEiEBCDIt.NQLISTjNOOECK.LQAOTNaHAP,NQEDIT.NOIO.NOXREF
SUBROUTINE KKAEPSt NX.NY, X, Y)

ISN 0003
ISN 000«.
ISN 0005
ISN 0006
ISN OUU7
ISN 0008
ISN 0009
ISN OOlÜ
ISN 0011
ISN 0012
ISN 0013
ISN Ü014
ISN 0015
ISN 0016

ISN Ü017
ISN J018
ISN 0019
ISN 0023
ISN 0021
ISN U022
ISN U023
ISN Ü024
ISN Ü025
ISN 0026
ISN Ou27
ISN 0026
ISN 0029

ISN OÜ3G
ISN 0031
ISN 0032
ISN U034
ISN 0035
ISN Ü036

ISN U037

L="
C
C
C
C
C

C
C
C
C
C

C
C
C

C
C
C

PROGRAH KKAEPS IS IDENTICAL HITH KKAREF EXCEPT FOR THE
EXTRAPOLATION

DISPERSION-INTEGRAL WITH
COMPUTES FOR

EXTRAPOLATION
NX NUN EQUIDISTANT POINTS IX, Y)

(0<XILKXIL+1) ) FRDM THE REAL-PART THE IMAG.-P4RT

OF THE DIELECTRIC CQNSTANT

X ( L ) ENERGY
Y( DT.., VI NXI :
Yt NX*1),.. ,Y(2*NX) :
Yi2*NX*l),. . fY(3*NXl :
VI 3*NX+L)i». ,Y(4*NX) :
Yl4*NX+l),. . ,Y(5*NX) :

ABSOLUT REFLECTIVITIES
SCRATCHBUFFER
EPSILON l
EPSILON 2

EPSILON21 TEST) FROM EPSILON1

NX2«NX+NX

YN1»YINX2+NX}-1.
Y ( N X X + l l - Y m

00 l 1=2, N X

1 YIK-1)=(Y1K1-Y(K-1I J/l X< I)-X(I-1J l
Y(K )=0.

DG 2 1=2, N X
K-K-1

2 Y ( K + 1 1 « Y ( K » I ) - Y ( K I

Y(NXY*1J=0.
00 9999 K-3.NX
XK.«XIK-1)
XX=XK+XK
T=YtNXX*K-l)*XX*ALPG( XX l
DO 3 1=3, K
XX"XK+X( I -2)
XY«XK-X(I-2>

3 T = T+YINXX+I-2»*t X X * A L O G ( X X I * X Y * A L O G ( X Y )
DO 4 I=K,NX
X X = X t I)+XK
XY=X( I)-XK

4 T=T*Y (NXX+ I ) *I X X * A L O G ( X X ) - X Y * A L O G ) X Y ) l

X K * X K / X ( N X )
XX*XK*XK
IFIXK.LE-. 41421361 GQTO 6
F=2./XX + ( l . - l . /XX)*ALa&l( i . *XK| / ( l . -XKl )
GOTO 9999

322
323
324
325
326
3ZT
328
329
330
331
332
333
334
335
336
337
33B
339
340
341
342
343
344
345
346
347
348
349
35C
35*
352
3S3
354
355
356
357
356
359

l +XX*(.02Ö*XX*.021 >1)U
999S Y(NXY*K-l)=-lT*F*YNl)*.31B3099

ISN 0038
ISN OÜ39
ISN ü040

Y(NXY+NX1=YINXY+NX~1>
RETURN

376
379
33P
381

»UPTIONS IN EFFECT» NAME= MAIN,OPT=00,LlNECNT=60,SIZE-OOOOK,

»OPTIQNS IN EFFECT* SOURCE,EGtDIC,NOLIST.NOOECK,LQAD,NQNAP,NOEDIT,NOID,NOXREF

»STATISTICS* SOURCE STATEMENTS = 39 ,PROGRAM SIZE = 1692

»STATISTICS* NO OIAGNOSTICS GENERATED

****** ENO CF CCHPILATION ****** 14lK BYTES QF CORE ^4OT USED



LEVEL 21.6 l MAY 72 ) OS/360 FORTRAN H DATE 73.083/01.30.06

COMPILER OPTIONS - NAHE- MAIN, OPT-00,LINECNT-öO ,SI ZE-ODODK .

ISN 0002

ISN Q003

UQU4

OÜ05

OOÜ6

0007

ü009

0010
0011

0015
0016
0018
00 ZU
u021
0022

J023

0024

UOÜ5

0026

UJ27

0026

GÜ3C

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0032

U033

003*

uC35

WO 36
0037

0039

0040

004i

SOURCE|ESCDICiNaLIST,NOOeCK,LaAD,NOHAP tNOEOIT,MQID»NÜXRCF
SUBROUTINE PLOTLXI K ,NA»NX,NY, X , Y, ITX f TX ,1TY,IY,TY)

PL DT
PLDT TREATS ( X( L l , Y( L+NY-NX) l AS A POINT

(NA-KL<NX+1 , XILXXCL+11 HON AEQUIDISTANT l
INTERPOLATION IS DONE 8ETWEEN THE INPUTVALUES
INPUTVALUES ARE PLOTTEO HI TH •*• fI NTERPOLATED WITH 'O 1

ARE THERE MORE THAN ONE INPUTPOINT AT THE PRINTERPOINT
THE PLOTSYHBOL IS » X »

K>1: THE PLOT HAS K LINE S,DX« l XI NX) - Xl NAH/( K-ll
K<0: THE PLQT HAS N-l Nt NX1-XI NAM /DX LINES,DX-ABSC K/1300 t
K-O.K-I: PLQT PRINTS ONLY THE HEAOING
THE TEXTBUFFER TX 15 PRINTED AHEAD THE CURVE
THE LAST PLACES DF TYdTYl ARE PRINTED (4*1Y CHAR)

REAL G*6l26)/ ' I '»5* f ',' I'iS*' ',' I','I '.
! . 4 ., i +-•, • - t ' +

3 • I ' / ,Z*8(131,YM(111 ? X f N X » ,Y( NY| , T X ( I T X ) .TYUTY)
LOG1CAL*! S ( 1 0 4 l , S L ( 6 l / ' • , »O 1 , •*• , » 0 « , » X » » «0 «/
INTEGER*Z SU 3)
EOJJIVO-ENCE ( 2 ( l ) , Y H ( l ) , S ( l M t (51 (11 ,SL(IM
IFIK.LE.11 GOTO 100
DX-IX<NX)-X(NAM/(K-11
GOTO 120

1OO DX=-K*.O01

YMIN=YINB]
YHAX=YMIN
DO 140 I = Nß,NY
IF1Y( D.LT.YMIN) YHIN = Y[ I)
IFiYdt.GT.YMAX) YMfiX = YI I )

140 CONTINUE
NÖ=NY-NX
DY- (YMAX-YMIN)/10.
DO 160 1=1,11

160 YMl I l=YMIN+l I-1)*DY
J=ITY-1Y+1

HR1TE(6,6Ö01) T X , ( TY( I»» I=J , ITY)
WRITE(6,6002» YMA X, X( NX ) , YMl N t X (NAI iDY,DX,YH
IFIDY.LE.O. ,OR. DX.LE.O« ) RETURN
DY=lü./DY

J = NA

L-Ü
XX* XI NA l
XO=XX+.5*DX

20U LL-0
IF(L/20*20.EQ.L) LL=13
00 210 LH=1,13

210 ZILM1-GILH+LL >
220 IFIXX.LE.Xd ) J GOTO 240

382
383
384
385
386
387
338
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
4O8
409
410
411
412
413
414
415
416
417
418
419
420
4Z1
422
423
424
425
426
427
42B
429
430
431
432
433
434
435
436
437

ISN 0043

ISN 0045
ISN Ü04b
ISN 0047
ISN 0043
ISN 0049
ISN OC 50
ISN 0052
ISN 0053
ISN 0054
ISN 0056
ISN 0057
ISN 0058
ISN 00ÖÜ
ISN 0061
ISN u063
ISN 0064
ISN 0065
ISN 0067
ISN 0068
ISN 0069

ISN 0070
ISN 0071

ISN 0072
ISN 0073

IFd.GE.NX> GOTO 260

1=1+1
GGTO 220

240 LM-I+NB
-X< IM /( XI I >-X ( 1-11

S ( L L I - S L I 4 )
260 IFIXIJJ.Cfc.XOI GOTU 280

L L« (Y<J+N8>-YMIN)*DY-H.5

265
270

IFISIfl l .NE.SH2M GOTQ 265

GOTO 270

IF1SIUI.NE.5K3M S<LL I -SL(3 I
J = J+1
IF(J.LE.NX) GOTO 260
L»L+1
WRITEI6.6003» XX, Z
IF(XU.GT.X(NXI ) RETURN
xx-xx»ox
XO-XO+DX

GOTO 200

6002

6003

FORMAT(*l'/tlX,
FORMATI/ 'OYMAX-' . IPEIS.6,9X,«XMAX-» fE13.6/ ' YHIN-•,E13.&.9X,

L •XMIN* ltE13.6/i DY- ' ,E15.6»9X t 'OX- ' «E15.6//8X»! L l IX,0 PF9. 4» l
FORMAT!IX,F10.3.2X.13A8)
END

438

439

440

441

442

443
444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

»OPTIQNS IN EFFECT* NAME-

»OPTIQNS IN EFFECT* SOURCE,EBCDIC,NOLlST.NODECK.LOAD.NOMAP^NOEDIT.NOID,NOXREF

*STATISTICS* SÖURCE STATEMENTS • 72 .PROGRAM SIZE * 2610

*STATtSTICS« NO OIAGNOSTICS GENERATEO

»***»* ENO GF COMPILATION *»*»**

«STATISTICS* NO DIAGNOST1CS TH1S STEP

BYTES OF CORE NOT U3ED



Appendix B: Testdeck Output

(shortened, only the first page of each

output segment is given)





KRAMERS-KKONlü -ANALYSI S OF R F F L F C T I O N D A T f t

XENON (SOL ID ,20 K l

PHI = 15.DUO
£XPO= 4.ÜUÜ
K = 4LC
NA - 5
MWHT= 131.300

HHQ « 3.780

S-PULARISATIQN

S C A L I N G - O A T A

2.49 1.007

NEARNUKMALINCIDENCE (15 D E G R E E ) 467

26.20 19.293 8.000Ü 0.0 14.rr;:

INPUT-CARDS:
Ü.66

2.42
3.39

3.08
4.1Ü
4.20
4.31
4.45
4.59
4.76
4.89
4.94

4.94
5.62
6.52
6.96
7.06

7.10
7.13
7.15
7.25

7.36
7.54
7*62

7.77

8.J2
3.42

6.65
8.87

9.JÜ
9.17

9.46
U. 17
lJ.53
10.75

11. Jl
11.31
* A . 86

12.19
i2.33

3.345

3.a58
5.684

8.664
12.J57

15.562

16.420
19.311

18.168
i5.549

12.333

8.371

4.801
4.447
7.726

11.620
14.141

12.465

9.249
6.468

5.531
8.276

9.063

7.927

8.744
10.331

12.955

16.612

18.332

16.363

13.3U2

IC. 895
lü.284

7.979

5.492

6.265

9.948
1U.7^4

8.732
6.206

0.8U
2.65
3.46

3.97
4.15

4.22
4.33
4.52
4.67

4.30
4.39
4.94

4.99
5.81
6.69
6.96
7.06

7.14
7.14
7.16
7.27

7.40
7.54
7.65
7.85

8. IC

8.47
8.69
6.90
9.03

9.24
9.64

lu.26
10.59
1U.34

11.08
11.38
11.97

12.23
12.33

3.337

4.124
6*044

9.155
12.572
16.296

18.743
19.205

17.661

14.932
11.602

7.801
4.324

4.347
6.474

12.210
14.133

11.991

8.651
5.979
5.354

8.646

0.863
7.817
8.988

IC. 794

13.589

17.461
18.181

15.883

12.853

10.f>55
9.967

7.611
5.436

7.057

10.3B5
10. 404

3.205
5.052

l. 03

2.64
3.54
4.00
4.15

4.26

4.36
4.52
4.67
4.84
4.80

4.94

5.06
3. 98

o.8C

6.98
7.06

7.15
7.14
7.15
7.33
7.44

7. 54
7.7)

7.94

a. 25
6.57
9. 7n
3,90
9.03

9. 3 )
9.77

IC. 34
10.61
10.89

11.11
11.46

12.06

12.27
12.38

3 .338

4.299

6.462
9.729

13.332
16.889

19.061
10.999

17.232
14.509

10.866

7.082
3.9ifl

5 .322
9.188

12.651
14.065

11.414

8.123
5.547

6.576
9.01&
8.66U
7.773

9.276

11.353

14.429

19.197

17.824

15.208
12.370

IJ.524

9.516
7.145
5.43b

7.645

10.746
9.995
7.744

5.189

1.51
3.00

3.65
4.02
4.17
4.29

4.42
4. 55
4.67
4.86
4.91
4. 94

5.08
6.09
6.85

6.99
7.09
7.15

7,14
7,16
7.33
7.49

7. 59
7.72
7.98
8.32

ö. 62
8.69

a. 96
9.05
9. 30

9.91
in. 3a
M. 6t
10. 92
11.15

11.65
12,07

12.28
I 2. 4U

3.383

4.609

6.984
10.399

13.846
17.309

19.224

1 6.766

16.821

11.996

IG. 105
6.672

3.623

5.853
9.743

13.182
13.675

1 0. 944

7.544

5.238
6.999

9,263

S. 43 P
7.8U9

9.535
11.843

15.506

J 8.432
17.278

1 4.53R

l .? .CCJ

10.504

9.-..6C

6.72i
5,494

f l . 338

10.917
9. 55P

7.221
4.562

1.85
3.12
3.74
4.ce
4.17
4.31

4.42
4.55
4.7L
4.87
4.92
4.Q4

5.22
6.16
6.ee
6.99

7. IC'
7.15

7.12
7.19

7.35
7.??
7 .59
7.76

e.rsi
e .38
8.64

6.74
8.96
9. U
9.37

13.02
1' .48

7 C ' . f iö

1'}.97

11.21
U, 72
1?. J ?

12.2«
12. 4 1

3.487

4.932

7. 563
11.374

14.475
17.759

19.262
16,639

16.439

13.461
9.617
5.99^

3.5C8

6.197
1 ;; . 1 9 5
13.64:

13.549

10.29t

7.127

5.182
7.54l

9 „ ? R 2

8.115
P „ 1 3 2
9.9t 5

12.314

16.- n
1 8 .578
16.^57

14.^37
) 1 . 297

1 V . 4 6 7
8.5^9

6. 21t-.

5 . 7 8 3

9.183

J G . 9 ? 7
4, ?.e;<*

6 . 7 5 3
4, S f "5

2.12

3. 28
3.78
4.1-->
4.17

4.3*
4. 44
c.S1-

4.71

4.89

A. 92
4.94

5.44

6.29
6.91»
h. 99

7.1 1
7. T 5

7.1 2
7.2?

7.3ft
7.5t
7. 5=>
7.77

O.tA
0.42
R. 65

R. 81
8.99

<5.16
9. 3R

n.) 2
i' .52
! •:• . 6 9
11."-

U.26
t 1 .8?
1 2« 1 4
12. 3 3
12.43

3.6?n
5.277

7.930
1 1 . 6 30

15.172

18.H43

n.271
lR .5 f - 2

16.1 28
12.961
9.127
S. 47&

3.779

6.851
1.^.7rr<

1 <. . 0 4 7
13.C85

0.834

6.741

5.I9R
7.9^^

° S 2 3 0

».^21
3 .437

1^.148

12.717

1 ->.536

" 6 ,559
16.457

1 3 0579

n ,rft9

] : .368
p. n 5
•5 .a?3
6.299

" .5AA

T ".89*
f- a Qr 9

h. 3 Q 3

3. B66



INPUT-s/Al.UES

FÜR INTEGRATION USE3 VALUES ARE NUMBEREU

x =
x =
x =
X-
X»
x =
x =
x =
X-
x=
x-=
x=
x=
x*
x =
X*
x=«
x^
X*
x=
X-
X-

X-
x=
x=
x=
X -

X«
x=
x=
x=
X-
X«
x =
X-

x=
X-
x =
x=
X-
X*

x=
X-
X*

x=
x=
X*
x =
x =
x=
X«

X-
x =
X-
X-
X«
x =
x =
x =
x=
X»
X*

7,5369
7.5723
7, 6305

7,752U
7.8380
7.9064

7,9823
8,04U5
3.0836
8.1291

8.1594
8,1999
8.2278
3.2455
0,2657

0,2935
a. 3163
8,3264

8.3517
8.3745
8.3B21
8,3872

8.4024
8. 4074

8.4074
8.4201
8.42Ü1

8.4251
a. 4251
8.4251

8.4327
8.4378
6.4479
8.4555
8.4606

8.4606
8.4606
8.4656
8.4732
8.4884
8.4884
8.4935

8.4960
8. 5137
8.5137
8.5213

8.5213
8.5213
8.5314
8.5517
8.5517

8.5517
8.5593
8,5616
6.5744
6.5846
8.5947
8.5997

8.6023
6,6073
8.6073
8.6073

Y=
Y =
Y=

Y=

Y=

Y*

Y =

Y=
Y=
Y-

Y=
Y =
Y*
Y=

Y*

Y*
Y-
Y-
Y*

Y«
Y=
Y=^

Y-
Y*

Y=
Y«
Y-

Y-
Y-
Y=

Y-
Y-
Y=
Y-
Y-

Y=
Y=
Y=

Y*

Y*

Y«
Y-
Y=

Y-
Y«
Y*
y=
Y«

Y=
Y=

Y»
Y»
Y=

Y«=
Y=*
Y=
Y-
Y-

Y=
Y=
Y*
Y*

0.013923
0.013353
G. 013866

ü. 019230
0. Q 200 72
U. 021149
O.Ü23075

0.025228
U. 026644
0.029153

0.031767
0.034560
O.G37854
Ü.04O768
0.044151

O.Ü43376
0.053062

0.056032
O.C62135
0.065947
0.07J593
0.076015

0.081478
0.085979

0.389435
0.093603
0.099754
0,1039X4

0.109005
0.114646
0.117965

0.123743
0.128543

0.131942
0.1355B4

0.137883
0.140934
0.143548
0.146122
0.147442
0.147749

0.147822

0.140146

0.147266
0.145620
0.143735

0.142707
0.142083
0.133395
0.134791
0.131319

0.127993

0.124901
0.122384
0.117697
0.112704
0.109280
0.105128

0.100798
0.096751
0.091669
0.035752

1
2
3

4

5
ö

7
a
9

10

11
12
13
14
15

16
17
1B
19

20
21
22

23
24

25

26

27
28
29

30
31

32
33
34

35
36

37

38

39
4C

41

42
43
44
45

46
47
43



ENERGY REFLECT PHAS.THETA EPSILON. i F.PSiLON.2 IMU/EPSI RF.INOX N ABSINOX K ABSCOFF FPS.O.FFF

L
Z

3

4

S

6
7

8

9

U

11
12

13
14

15

16
17

10
19

20

21
22
23

24
25

26

27
28

29

3wl

31
32

33
34

35

36
37

36

39

4J

41

4Ü

43

44

45

46

47

40

49

5J

51
32

53

54
55

56

7,53690
7.57233

7.63054

7.75200

7.83804

7.90637
7.9H229

a. 0404g
3.0fc857
8.129U6

8. 15943

8.19991

8.22775

8.24547

3.26571

9 . 2 9 3 5 5

8.31632

8.32644

6.35175

8.37453

8.38212
8. 38718

8.4C236

8.40742
8.42ÜÜ8

8.42514

6. 43273

8.43779

8.44791

8.4555C

8.46056

6.46563

8.47322
8.4384Ü

8.49346

6.49599
8.51371

8.52130

8.5H42

8.55167

8.5>926

3, 56179
8. 57444

6. 58456

8.59469

8 .59975

8.6l 2 2 0

3 . 6 ^ 7 3 4

3.&124C

3.61493

0.61999

8 . 6 3 2 6 4

3.65Ü36

3. 6 - '542
8.<>9085

a. 7<,652

O.U1692

U.U1866

0.01887

Ü. 01923

U.U2UU7

U.U2115

U. 02307

0.02523

O.C2664
U. 02915

O.U3177

0.03456

u. 03785

0.04Ü77

G. 1,4415

0.04838

U.Ü53U6
G.C56G3

0.06213

O.Ü65S5

0.07059

O.U76C2

U. 08148

0.08593

O.U9360

Ü. 10391

ü. 11796
0.12374

0.12854
0.13194

ü. 13553

U. 14355

Ü. 14612

Ü. 14744

0.14762

0.14615

0.14729

Ü. 14373

0.13939

0.13479

Ü. 12490

u. 12238

C.U770

0.1127l,

U.1C928

0.10513

u.ltlSl

O . L 9 6 7 5

ly. 0 7 3 6 4

U.-J6969

Ü.C5960

U.J2665

U.C2356

u.w 21 17
L. 02024

U.C„244

3.81940
O.B1039

0.79559

0.76346

0.72851

U. 69396

0.66601
0.64603

0.62555

0.60273

0.59387

0.58052

0.56853

0.56368

0.57122

0.58068

ü. 53266
0.58618

•J. 61 059

0.60722

0. 59493

0.60462
0.62463

0.62871

Ü.63i35

0.63020

0.67510
0.71754

J.78J95

J.31713

0.93534
ü. 86866
0.92198

1.01681

;. 04421

1. 06009

1.16553

1.20637

i. 26371

I. 386Ü7

1.43338

1.4-4295
1.50599

i. 5740^
1.66271

1.72766

1.75792

_ . 8 5 1 1 1

1.91 62 '?
-. 92474

1. 97993

4 .90484

1.67971

1. ö3ÜQl
1.36303

1. L 44 7)
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XENON ISOLID.20 K)
REFLECTIVITr R

NEARNORMALINCIDENCE (15 DEGREE) 467

Y H A X = 1.481
Y M I N * 2.654
OV = 1.454

7.838
7.655
7.871
7.888
7.904
7.921
7.937
7.954
7.970
7.987
8. UCK
8.020
8. 037
8.053
3. 070
8.086
S. 103
8.119
8.136
8.152
8.169
8.186
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8.235
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8.268
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8.301
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8.334
8.351
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8.401
6.417
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XENON ISOLID,20 K »
PHASE THETA

NEARNORMAL INCIDENCE (15 DECREE) 467

YHAX- 2.911342E 00
YMIN = 5.63684GE-01
DY» 2.347657E-01

XHAX= 1.444Q32E 01
XHIN= 7. 83804ZE 0(5
DX= 1.654705E-02
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XfcNON (SOLI0 .20 K )
EPSILON l

NEARNORHALINCtDENCE (15 DEGREE1 467
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XENON ( S O L I D , 2 0 K l
E P S I L O N 2

NEARNÜRMALINCIDENCE 115 DEGREEl
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XENGN (SOLID,20 K)
IMAGU/EPSILON)

NEARNORMALINCIOENCE t 15 DEGREE»

VNAX = 1.360626F 00
YMIN= 7.653117E-Q2
DV= 1.3ti4294E-Ql
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XENON ( S O L I D , 2 0 K )
REff tACTIVE INDEX N

NEARNORNALINCLDENCE (15 DEGREE) 467

L . 5 U 3 6 A 6 E OO

YHIN= 6.448148E-01
DY= 8.588U1CE-02

XMAX= 1.444032E 01
X M 1 N = 7. 338042E 00
DX= 1.654705E-02
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7« B 38 — — — — — — — +— — — — -
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7.888
7.904
7.921
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7.954 I
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8.467 I
8.463 I

8. 5DG I — — — — — — — 4 — -
8.516 I
8.533 I
8.550 I
8. 566 I
8.583 I
8.599 I * X *
3. 616 I ***
8.632 I
8.649 I
8.665 I
8.682 I
6.698 I
8.715 I
9.732 I
9.746 I
8.765 I
9. 781 I
8.798 I

0.3166 0.9025 0.9883 1.0742 1.1601 1.2460 1.3319 t, 4177 1.5036

I 0 I
I 0 I
I C I
I * I
I p I
I 0 I
I C I
1 C T
I * 1
I D I
I D I
1 * I
I P !
I 1 I
I * T
I 0 1
I 0 I
I * I
I D* 1

1 0 I
I * I
I 0 I
I *0 I
I * T
1 * T
I 0 T
I *0 l
I * 1
I * I
I * I
I 0* I
I ** 1
I ** I
I * *
I * n* I
I * 0* I
I * 0* * I
1 * 0 1

* 0* I I
* I

*0 I
0** I

* * I
I
I

0* I
0* * I

0 I
0 I I

*0 I I
0 I I

01 , I
I* T
I 0 I
I 0 1
I * t



X E N O N ISüLIU t2o K )
ABSQRPTIONINDEX K

N E A R N Ü R M A L I N C I D E N C E ( 1 5 D E G R E E ) 467

Y M A X = 8.4707Ü5E-01
YMIN* 2 . 3 7 6 5 7 5 E - 0 2
DY= 8 . ia3044E-02

X = 1.444032E 01

XMIN= 7.638042E CO
DX= 1.654715E-02
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8.034
8.U20
8.037
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a. 136
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6.268
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8.301
8.3L8
8.334
8.351
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XENON (SOLID,20 K)
ABSORPT 10NCÜEFFKIENT HY

NEARNORHALINCIDENCE <15 OEGREE> 467
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XENON (SOLID,20 K)
EPSILON-0-EFFECTIV

NEARNQRMALINCIOENCE 115 DEGREEI 467
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XENON ISOLID,20 K) NEARNQRMALINLIDENCE
N-EFFECTIV (ELECTRONS/MCLECULEl

» 15 DEGREEI 467
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XENON ( S O L I D , 2 0 K )
E P S I L Q N 2 FR. EPSILGNI

NEARNQKHALJNCIDENCE ( 1 5 DEGREE) 467
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