
Abstract: The peak value as WPII as the fu l l 

width at half maximum of the r e f l ec t iv i ty of 

s ingle c rys ta l neutron monoo^irjraat^rs rmv be 

expressed,besides thickness ^nd mosaic spre­

ad, in terms of two mater ia l parameters: r e ­

f lec t ion nuaber and penetrat ion depth in the 

abscence of Bragg s ca t t e r i ng . The values of 

these parameters,as functions of neutron wa­

ve length and re f lec t ion orif>r,corr»sn >nding 

to re f lec t ion as well as to transmission ge­

ometry,are calculated for the most represen­

ta t ive planes of Be, py ro l i t i c r raphi te , Al, 

S i , Cu, Zn, Ge, Pb and Bi s ingle c r y s t a l s . 



o 

Th-i monochrome tor (as well as the analyser, if such be 

the case) plays the leading part in a tnermal neutron crystal 

spectrometer. That is why several attempts ha''*s been done till 

now to draw up tables or diagrams describing the reflecting pro­

perties of various single crystals used for neutron .ronochroma-

tion (Hautecler & Pollak, 1958; Carv^lho, Ehret * GISser, 1957; 

Popovici, Gheorghiu A Gelberg, 1969; Stedman, Almqvist, Raunio ft 

Nillson, 1969; Riste., 197o). 
o 

All the t r ea tmen t s , as well as t h a t presented below , 

a re based on the r e f l e c t i v i t y fo^inulne given, in the frame of 

the mosaic c r y s t a l modal, fo r e s m i - i n f i n i t e plane s l a b s , by Ba­

con ft Lowde (1948) and by D?etrich & Als-Nielsen (1965) for the 

r e f l e c t i o n (R) and, r e s p e c t i v e l l y , t ransmiss ion (T) geometr ies . 

Using the no ta t ion rendered in Table 1 these formulae may be 

w r i t t e n , for the symmetric c a s e , as followa: 

R„(«f) = a , (1) 
" J 1+aW l+2a.cth(AR \ / l+i!a) 

in R-case, and: 

RT(y) = exp( -A T f T ( l+a) ) . sh(A T f T a) (i>) 

in T-case, 
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Iî(iP) is expressing th? reflecting probability of neu­

trons whose incident and final divergence angles are Tj and uf, 
while tP = (V.+)Tf)/2 

However, for calculation of resolution functions of ne­
utron crystal spectrometers there is commonly used the Gaussian 
approximation of the reflectivity. Checking up for the validity 
of this procedure it has been shown that, in both S and T cases, 
the approximation of the reflectivity with a Gaussian, hqvinf; 
the same peak value and the same full width at half maximum, is 
quite satisfactory provided the collimators defining the inc JCI-
ing and diffracted beams have the collimation angles smaller or 
of the same order of magnitude as the effective mosaic e:>r<?ad of 
the single crystal (Grabcev, 1979)* Under these circumstances we 
can write: 

E(p = P.exp(-J2/2L2) (3Î 
where: 

P = R(o) (4) 

i s the peak r e f l e c t i v i t y , while 

L = w y 1 ( l n 2 ) " 1 / 2 (Ş) 

i s the e f f e c t i v e mosaic spread; y=9/(\/2n) and y, i s the so lut ion 

of the fol lowing equation: 

RCy^ = R(o)/2 (6) 

According to Fqs. ( l ) - ( 6 ) the quant i t i e s P and I7n, 

f n l l y describing the crys ta l r e f l e c t i v i t y in the l imi t s of the 

Causaian approximation, may be expressed in t^rms of only two 

parameters: A and A„ or A-. 

The dependence of peak r e f l e c t i v i t y and e f f e c t i v e mosa­

i c coread upon ft , for several values o ' AR or A-, i s i 1 luritratfid 
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ir: F i c s . ( I ) - ( 4 ^ . Tn P i , ' . ( 5 ! t h e r e î s s l o t t e d th.P r un ' : 11 o-, f../tf>) 

From J e î ' i r . i t i . i r . , '"\ J e o e r . i s în t h e s t r u c t u r a l . • i , i n . : " i ? i ' TI 

•\r:i on the r e f l e c t i n g number L; A„ a n i -i-.. >n t h e . i . -^r -•• 

.̂'•ntjr-ni on t he t h i c k n e s s of t h e c r y s t a l n l a t e and n the iw.ifiU'ij-

t ; ori . i en tns t a n j t T . J-->n.s<Kii!«r: t l,y , the r e f lec t i v : •-;>' IF .• :" 1-

rn-.i, :,p"i Ies t h i c K n e s s a n i rnor-aic : n r - a j . b.v the i r: i r i :'.."• i •' "•- '••-

r n] -virane-t»rs B, t. anJ t T . 

'•ne ::H leu l a t ion of B, t,, and t , , , a s f u n c t i o n s of n e u t r o n 

wtve Icîn^th, f o r a few r e f l e c t i n g n l anp . ' of some s i n g l e cr.v:-. t 11:-. 

. • r e : Ly ••i;-e-.l ar» n e u t r o n m n . o c h r o m ^ t o r r . i s th'- aim of t he ore .ent 

n. 'f .er. 

'he la?ic in the M t e n t u r e of i a t ă c o n c e r n i n g the - i t t e n -

•t) .r. TO.'- s^c t ior . r , of s i n g l e c y s t a 1 '•'• ha r j e t ^ r r m r . e i i i ' 6 V ' u u 9 

. .ucen. 'n ts o!" u. f o r A l , S i , Cu, Zn, Ge, Pb a n i Bt (Gr ib v , T o -

J ' r e a n u V " i o c a , 1.97b). For r v y r o l i t i c ; ' r a p n y t > ' FG) and lie t h e r e 

'iHve een u s e i t h e c a l c u l a t e i v a l u e s of U. r e n . i r t e i by Bernsma & 

Van i ) i jk ( N 6 7 , an. i , r e s o e c t i v< l l .y , fhe pxn< rimer: t.'i I valuer , of 

j)u,>-a; '•> Thap^r ( 1 9 6 2 ; . 

For oomnu t a ţ i on i t h a s been c m v e n i e n t to exoresr , L\ in 

t h e :'a ! Lowing way: 

f = « - / ^ * C - l / ^ + Co * Cl** '.'^ - ( 7 ) 

with 'I- c o e f f i c i e n t s » d e t e r m i n e d by a l e a s t pqunrer. f i t t i n g . 

A l l t h e n e c e s s a r y p h y s i c a l j e t a have been t aken from the 

.v..:, l i c a t i o n s of t h e I n t e r n a ţ i ona l Union of C r y s t a l l o g r a p h y ( I n ­

t e r n a t i o n a l T a b l e s f o r X-ray C r y s t a l l o g r a p h y , 1962; Neu t ron J i f -

f r a c t i o n Cor . i . i s ion , 1969 . 

The C i c o e f f i c i e n t s Hre ]}s{(i> in. T a b l e 2 . 
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Tl.<" vnlues of E, t,. and I- corresomdinn t j th* most re -

Di-esentntive r e f i e e t i r g olanes of Be, PG, Al, !Si, lu, I'.n, Go, ib 

and '. i s i n g l e c r y s t a l s as funct ions of neutron wave length *nd 

r e f l e c t i n g orders qre given in »'igs. ( 6 ) - ( 1 4 ) , as fo l lows: 

' ' ig . 6 B e ( l - l o ) , - ( o o ? ) , - ( o i l ) . 

i £ . 7 P0(oo2). 

Fig . 8 A l ( l l l ) , - ( ? o o ) , - ( 2 2 o ) . 

i g . 9 S i ( U l ) , - ( 3 1 1 ) , - ( 2 2 o ) . 

Fig . lo J u ( l l l ) , - ( 2 o o ) , - ( 2 2 o ) . 

Fig. i l Zn(oo2), - ; i - l o \ - ( o i l . . 

• i g . 12 Ge(UJ) , -(ZZo), - Î 3 U ) . 

Fig . 1? P b ( l l l ) , - ( 2 o o ; , - ( 2 2 o ) . 

Pig . 14 E i f -^o: , - ( 2 H ) , - ( - l i o ) . 

These data enables *5 t o fin<i &-e values of ft, Â  and AT, 

find subsequently <?f p and, L, for atiy mosaic sp i'»j and th; i-kr.ess 

o f thfi fry s t a t . 

Table 1. dotat ion 

\p s mosaic angle-

wi<*) £ '•• - -0*p( -'•T/Zn ) - normal d ir tr ibut ion fnnr-

v t ion o f mosaic a n g l e s . 

n =" *noSa»c 4t>read = star-lard deviat ion of w(V). 

• *•- -ntvtron. \nwv«> length . 

u - "to^ât macroscopic attenuation CrOSS s e c t i o n - c r o s s 

section correspondii.g to a l l neutron-crystal , î n t e r -

ac t l en» except Bragg ac.4Uert*g. 

=• Structure fnctor squared times T)«bye^lţiHer f a c t o r . 
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8 B = Bragg angle. 

V = unit cell volume. 

v2
c.simeB 

B = Q/U- - reflecting number. 

t = thickness of crystal. 

t_ = sinSg/u = penetration deoth in the abscrnce of Bragg scatter­

ing in I?-case. 

t_ = coseVu = penetration depth in the absc^ncp of ragg scatter­

ing in T-case. 

a = B.w(tf) 

fb = B.w(o) 

fT = ln(l+2^)/2^, 

t = t-,.fm = optimum thicknes? in T-caae = thickness for wieh 

Rm(o) is maximum. 

AR = t/tR 

AT = Uto 



Table 2. Values ot C_2, C_1f C0, Ĉ  and C,. 

Crysta l C - 2 C - 1 C 0 C 1 C 2 

Be -0.26695x10""1 0.25370 -0 .74148 0.86168 -0 .10332 

P0 ^0.84337x10-^3 -0.29607x10-3 -0 .10387x10" 1 0>16555x10"1 0.31028 

Al -0 .14883x10" 2 X>. 26042x10"1 -0.72715x1CT1 0.13153 -0 .32367x10" 1 

i 

SI -0.14760x10"? 0?20702x10*
1 -0.52731x10""1 0.75099x10"1 -0.97547x10"2 «* 

i 

Cu 0.24365rl6"1 0.23978x10"1 0.22027 0.28712 -0.54664x1o"1 

Zn 0.22146x10" -0.10706 0.21233 0.14542 -0.53704x10*"1 

Ge -0.37201x16" 2 0.10563 -0.23246 0.46472 -0.11723 

Pb 0.43527x10"2 -0.40924X10-1 0.92224x10_1 0.26667 -O.67378x1o"1 

Bl 0.37754x10"2 -0.30734x10"1 0.50447x10"1 0.18372 -0.48521x10""* 
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