Abstract: The peak value n7s well as the full
width at half maximum of the reflectivity of
single crystal neutron monochromats rs mav be
expressed,besides thickness and mosaic spre-
ad, in terms of two material parameters: re-
flection number and penetration Jepth in the
abscence of Bragg scattering. The values of
these parsmeters,as functions of rneutron wa~
ve length and reflection order,corresninding
to reflection as well as to transmission ge-
ometry,are calculated for the most represen-
tative planes of Iie, pyrolitic prraphite, al,

Si, Cu, Zn, Ge, b and Bi singie crystals.



Th': monochromator (as well as the analyser, if such be
the case) plays the leading part in a thermal neutron crystal
spectrometer. That is why several attempts have been done till
now to draw up tables or diagrams descriting the reflecting pro-
perties of various single crystals used for neutiron rsnochroma-
tion (Hautecler & Pollak, 1958; Carvalho, Ehret & Gl#ser, 1937,
Popovici, Gheorghiu & Gelberg, 19%9; Stedman, Almqvist, Rsunio &

Nillson, 19¢3; Riste, 197c}.
o
[ ]

Ali the treatments, as well as that presented below ,
are hased on the reflectivity formulae given, in the frame of
the mosaic crystal model, for ezmi-infinite pnlane slabs, by Ba-
con & Lowde (1948) and by Dietrich & Als-Nieisen (1965) for the
reflection (R) and, respectivelly, transmission (T) geometries.
Using the notation rendered in Table 1 these formulae may be

written, for the asymmetric case, as followa:

Rp(g) 2 , (1)
1+a+V I+29.cth(AerIT?i)

in R-case, and:

n

RT(?) exp(-ATfT(l+a)).sh(ATfTa) (2)

in T-case,
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R(T) is exnoressing the reflecting probability of neu-
trons whose incident and final Jdivergence angles are ?(i and 3},
while @=(fy+¥p)/2

liowever, for cnlculation of resolution functions of he-
utron crystal spectrometers there is commonly used the Gausaian
approximation of the reflectivity. Checking up for the validity
of this procedure it has been shown that, in both R and T cases,
the approximation of the reflectivity with a Gaussian, having
the same peak value and the same full width at half maximum, is
quite satisfactory provided the collimators definiug the irnoom-
ing end diffracted beams have the collimation angles smaller or
of the ssme order of mepgnitude as the effective mosaic suread of
the single crystal (Grabeev, 1979). Under these circumstances we
can write:

R(Y) = P.exp(-j’2/2L2) (33
where:
P = R(o) (4)
is the pesk reflectivity, while
L =y (1n2)7H3 (5)
is the effective mosaic spread; y=?7(d§q3 end y, is the asolution
of the following equation:
R(yl) = R(o0)/2 (6)

According to Fgs. (1)-(6) the quantities P and Lﬁl,
fuily describing the crystal reflectivity in the limits of the
Ceussiaen apnroximation, may be expressed in terms of only two
par.meters; Sg and AR or AT.

The dependence of peak reflectivity and effective mnga-

ic #nread upon @ , for several values of AR or An is iliustrated
J
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i Rigs Y- (4). e FigL.(5) there is alotted the function fT(P)'

-

From Jefinit;an,ix deneris Hn the structural —arar.ter r\

snd on the reflecting number [, A? an i e
A

ienend on the tnieckness of the crystal nlate and n the nenetra-

sn the L trer

tron .depths tq anl t,. Consequently, the reflectiviiy 18 -
me, Lestles thicviness ani mosaie capead, by the inipinsils c=r1 .-

r-al ~arameters B, t, and t.,.

“ne calculation of B, te
4

wave lengtih, for a few reflecting nlane: of some single crystals

and t,,, Aas functions of ne.tron
L

L-rtowy aced as neatron monochromstors, i1s the aim of the nre .ent
nnrer,

"he lacik in the iterature of data concerning the atten-
sty cros sactions of single coystals has leterminel nrevious
we surenents of v.for Al, Si, Cu, Zn, Ge, Pt ani Bi (Grot v. To-
Jireany ¥ ioca, 1978). rfor pyrolitic psrapnyts (FG) and de there
nave eer. used the r~alculatel values »f r.ranrLej by Bergsms &
vur, Digk (.+67, ani, resnectivelly, the exospimenta! values of

Dusrat % Thapar (1962;.
“or comnutation it has heen convenient ts cxnress r,in

the “otlowing way:

- C_o/R ¢ C_/N* G, r o N R (7)
with Ci coefficrients determined by a least =quarers fiiting.

All tl.e nececzary physical latna have Lcen takern from the
sublications of the International Lnion of Crystal.ographv (In-
t=rnational Tatles for X-ray Crystailasraphy, 1962; Neutrcn Jif-
fraction Comiassion, 1469 ,

- . . . .
The ci 0efTicients are listed in Table 2.
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The values of B, th and to corresnonding t> the most re-
oresentative reflectirg nlanes of Be, PG, Al, i, lu, 2n, Ge, ib
and ' 1 single crystals as functions of neutron wave length and
refl2cting osrders are given in ~igs. (6)-(14), as follows:

®ig. 6 Be(l-1l0), -(00?), -(o0ll).

T FG(002).
Fig. 8 al(111), -(200), =-(220).
9 s5i(111), -(311), -(220).

Fig. lo Cu(1l1l), -(201), =-(220).

Pige 11 Zn(o02), -1-lo0', =(sYl..

“ig. 12 Ge(111), -(220), -!311).

Fig. 19 Pb(111), -(200}, -(220).

Pig. 14 2{/M0}, -(211), -(-110}.

These data enables us to find the values of‘?, A, and Ap,
and sutsequently of P and 1, for any wosaic Sp rad and thickness
of the crystal.

Tet.le 1. Notation.

4 =mosaic angle.
wc*) = ;%%-—evp( -i2/2“f) = normal dirtribution func-
N tion of mosaic angles.

n- mosaic sPread = stardard devigtion of w(tf).

N= neulyon wave length.

r = tofaivnacxoscupic attenuation ¢CrosSs section = ¢ross
section corresponding to 211 neutron-crystal inter-
8ctions except Bragg scaiterinsg.

= structure factor squared times DebyelWgller faetor.



@®
[}

Bragg angle.

B
Vo T unit cell volume.
. N p 2
= 5
Vc.31n2eB

B = Q/v = reflecting number.

t = thickness of crystal.

R sinﬁB/P

[ad
"

penetration deoth in the abscence of Bragg scatter-

ing in R-case,

>
n

penetration idepth in the abscence of ..ragg escatter-

T coseB/v

ing in T-case,.

a = Bow(‘Q)

> = B.w(o0)

§

fT = 1n(1+2?)/29

to = tT’fT = optimum thickness in T~case = thickness for wicn

RT(o) is maximum.
AR =t/tR

AT = t/to



Table 2. Values of 0_2, C_j, CO' 01 and‘cz.

Crystal C.2 C.1 o Cy C2
Be -n.26695x10" 1 0.25370 -0.74148 0.86168 ~0. 10332
0 O0-84337x10°3 -0.29607x10-3 -0.10387x10"!  0,16555x10"!  0.31028
Al -0.14883x10"2  0.26042x10°1 ~0.72795x10"'  0.13453 -0.32367x10""
S1 ~0.14760x10"2  0,20702x10"' ~0.52731x15"!'  0.75099x10""  -0.97547x1072
Cu 0.24365:10° ' 0.23978x10° ' 0.22027 0.28712 -0.54864x10
2n 0.22146x10° ' =0.10706 0.21233 0.14542 “0.53704%10 "
Ge -0.37201x10°°  0.10563 -0.23246 0.46472 -0,11723
Pb 0.43527x10°2 <0.40924x10° '  0.9222ax10°  0.26667 -0.67378x10"
B 0.37754x1072 .0.30734x10° '  0.50447x10°'  0.18372 -0.48521x10" "

" e— ~e—

- — D - =D gt iy o ———— " N ey
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