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I. QUASIXLASTIC HBSOLUTIGN FONOTIQN O? Â 

TWO-AXIS SPKTR0M1TKR 

The amplitude and the shape of the quasi-

elaatio resolution funotlozi of a neutron two-axle 

spectrometer are calculated in the Gaussian ap-

proxLaation • Special attention is giren to the 

explicitness of the formulae *B wall as to 

their absolute character, avoiding any unknown 

proportionality factors» 

I» Introduoilop 

In an experiment, analysing the angular distribution of 

the scattered neutrons, carried on with a crystal diffractometer 

(two-axis spectrometer ), the finite oollimations, the monochrooator 

mosaic structure and the beam-path configuration influence both the 

counting rate and the experimental line width. This influence should 

be quantitatively described by an instrumental function, the so cal­

led resolution function? 

The knowledge of the resolution function enables the 

choice of advantageous experimental conditions as well as the correct 

interpretation of experimental data* That is why a considerable atten­

tion has been paid to the problem of deriving analytical formulae ex­

pressing the dependence of the diffractometer resolution function on 

all experimental faotors* However, almost all the papers whioh have 

been published so far on this subject deal with elastic scattering 

experiments, their principal aim being the determination of Bragg 
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• . ; ; ^ i . ^ nr." :.u:o„-. •.•.:". ... r yoort:.<:n.e ±.-t;-* T ' cl ;ir.; • 

- :̂ o:iţrh M " r-? i o l ut i n function ci tio diffract oraetsr ray 
., .^j.Qă?:a 3inpi.;' axs - ;.ec.;^ ^ s a of tan .vasolution ^-nctj.o^ fVe— 
-v,. '..,;. aree-axi.s •'.-, „^r^-net^r- • '.Jooper .ic Nathans. 1-"*-J7 :Gra"oo-:3v 
-'; •• . I-;.--? h) it i:j '-. rft'-s..-;c: here ' .-j-aepsiidently la order to avoid the 

ocessi~:r 01 snowing .'jcc.i.s concerning the tiaree-axis spectroscopy 
na, on the otner hana, ZD outline tae xeatures cf t^o—axis analysis* 

Sven if the owc-axis spoctroiaeter performs no energy analysis 
there exists an explicit aependence of its resolution function on 
energy transfers, which must be taken into account in quasielasti* ex­
periments • 

Using for the definition of the resolution function the same 
variables which express the scattering cross-seotions, two cases are 
separately considered t 

i) The sample is an anisotropic system (single crystal or mag­
netized sample, e.g.)« The resolution function is expressed with re» -



;ao energy transfer. 
-„O The sample i s ar. •.•OOŢ?OO^ ST^r^a (polycryBvai or I i q u i a : 

- v \ -~ 03£i t •.-• r e s c ^ t i ' v iunc-i;ioa cepenos only en t he naţr-

.•-,.:; .:f mi. sent am ••",.i.,:;nsfer anc o& x,ze en^rsşy trscs.tVr» 

General express ion of the c o u n n o g rac^ 

Js-i^i genei'Si-ty, â̂ > Cooper & Nauaans (.lyS'-j noteiicv-, r en -

,'*ec •• '• ' ' 'aoie 1 c/.;- • : ^ u r . c , ^ r-eue, fo r e. :iffracton3er;er s e t t i n g &e~ 

.-.s'.'. 1 / k-r ?VJ t:'.; v-â" be w r i t t e n a s : 

•are» 

:*a m e number of ateraa ( o r uni t c e l l s ) i a :',LG sample-, 

i s t h e k - d e n s i t y of the neutron source f lux* \r 

? <*» • I ? Hh ̂  > 
CT> is the total thermal flux, and t o ' 

^ « ^ aakj T/tf 
* • * • T„(kjfkj) is the transmission function of the monoohromator system 

for kţ neutrons when the kj neutrons are preferentially 
transmitted, 

*2- is the aample croab section per atom (or unit cell) and 
4 volume unit in kţ space, 

T»(kf) ie the traaamiaaion function of the analysing system, 
£(kţ) ia the detector counting efficiency for kţ neutrons. 
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in.* ?".:ici:'rint wave v e c t o r 

The Tto^t prooable !c* • 

Any scatt;er^<3 wave vec to r 

The most pro'caMe k^ 

Hor^-ontal co l l lma t ion angle 

Ver t ica l cu l i ima t ion angle 

Horizonta l divergence angle 

V e r t i c a l divergence angle 

I n - p i l e region 

McriochroraatoT? to sample reg ion 

Le to cow:'".^ r eg ion 

Hcri.3onti'î mosaic spread of '.lie ticnochToruaccr crystal 

Vertical mosaic J>. cs:id ci' the iaonochrornator crystal 

Angje between T-axia and k-, 

Bret-g angle for kT ueutrons 

As it *ae already pointed out, in the present calcula­

tions only elastic or 

at the most quasielas-

tic scattering proces -

ses are considered. In 

fig. 1 there Is shown 

a vector diagram in 

the reciprocal space 

corresponding to the 

most probable scat -

taring process. The It-

axis of the rectangu­

lar reference frame Is 

chooses for convenience 

perpendicular to the 

Fig. 1, Vector diagram in the reciprocei 
space for the moat probable scat­

tering proces». 



.. aae of i-xperirceni Cefirec by lcT ;*ic £- iie -•riento'cicG of i - a x i s 

.'.= a r b i t r a r y ; ror i given phys ica l s i c - i s i c : i t aiay c« part-icui31 i s -

•_* i:: a s u i t a b l e iude ^ 

ii&.vr; a^e o_ sti? ^-:0£:ir\ag . u^ i^ s eonvsucion, descr ibed in 

• ,\.e c: - k^, a«s i . ord ^ . ::ay be wri. i.tea 1^ ' \^..-w^ ţ 

fc_ = .TjCos^» Î -̂  ltr s i n ^ 3 

'•:- .-.-. i^c:os ^ - * ^ a ) i + k- s in( - +*--• 0 

'•v. - sC_. C 0 i ( 9 J - . "'' •:. 0 3 ' - , - + fc,Sln(* ••- J J C C S ^ -, .j • k j r i i r . ir 

•:., - v..coo: ~ v^_ * •":. „ )cos ~ i+tpSirv c -r©̂  + ' . )coa - L .j+îepSin. - k 

T a b l e 2 

easor ing san ies con v i r i o n 

^ş.i.e ianga Origin P o s i t i v e sense 

•, '9-

-• -"• X Trie most probable t Tr igoncme-r i - - , ! 

^,•2©». " - Tha most probable "e. Tr igonometr ica l 

i n c i d e n t . 

x •._-"• • . - " M i - a x i a Tr igonometr ica l 

;". "̂  f L i P ro j ec t ions of k on it p o s i t i v e 
che exper imental plane 

•The monochrome t o r and ana lyse r t r ansmiss ion func t ions are 

expressed i n aimple forms in terms of I o , t*»^.» \ c^and \ v s r i « b l n s . 

Thus» 

TM( \ t \ ) * Tff iCfci .V T w ( S j 

where t 
TMH l s th® horizontal transmission function of the monochromator 



(Connor- ft-, wcfchoDo , 1-; 

- " k - - - - V k I , n >2 ^}\ T^U, , \>Pv-exP ^ ţ ^ V 2 " ^ « V * ™< ^ + ^ H ^ V + ~ ;( \ 

CO 

r,(, is -„-ho sonoch.rooiat;or ^ r y s t ^ l r e f l e c t i v i t y fur the most prob&bic 

ma t rons ,. 

'"',-, I s tho ver t ica l , t ransmission fanc t ion uf the monochrome t o r 

(Lr rner , 1J72; Grabcev « 1572) : 

,2 . T + 777? ^ 'W>V 7£T^~^7F * i L s ^ 8 V- s i - % 2 ^ ! 
>o + ** "•'•Ui * ; n • 1 

M-l 

T v an,i ",v are thf> 'vu-l^ov-ai end vertical transmission functions 

o.f the analyser: 

o 

v V • • ;.:: ce) 

For U\8 ac tua l values of trie iollimatioi: . angles and of the monochro-

mator mosaic sr.rood, th.3 t ransmiss ion funct ions ( 4 ) - ( 6 ) a re s e n s i b l y 

d i f ferent from zero only when "^ , ^\ 5 cV and cL do not exceed one-

two degrees and I t - k r ] / kv£<. 1. On thr» other hand, for q u e s i e l a s t i c 

croi.s s e c t i o n s , in spec :-.?:1 experimental condi t ions (which wi l l b« dia-

cjx;o«d l a t e r in mor* d«i.«.il ; , the (.-/ave vector longtb. > H s r i b u -

t i cn in ';he scatter-no -uralron bent:, t^kec e s s e n t i a l l y non-zero valuoe 

only i f \ kf-kr^/kj & .'•.., Under ..h.<.;?,e f ircumstancQ3i 

a) The -îiaall on^ie op;-.: oximat ion caay be uaed f o r ' * and ^ . 

• 0 The slowly vsryi.ns i arc ;; ion: of k- and k^ may be rep laced 

r,y t he i r voii ues in kT. 

http://och.ro
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c) All the integration limits in the expression obtained 

from eq.(l) replacing the variables k* ^nd kp by ka, k^,^,^, °i 

and Zx may be extended from (0, +°°), (-"w ,+TT,) and (-"* /2, +V2) to 

(-°°i +°°) without introducing an appreciablo error in the value of 

the integral. 

Thent from eq.(l) one ob
faines: 

* TAfi( \ ^ W ^ d l ^ d k ^ d ^ d ^ d St (7) 

•ftaere: 

a .NI^W J C
 to « d2g ,ft, 

3S_T"I^ s M ^ (8) 

^nd J, is the Jacobiaa of the variables transformation x 

1 \^VV"V^2»S1'5 >} 
s k|kf cps S ^ C O B S ^ s£ (9) 

21 

introducing the more convenient notation : 

k* — k 

\i2 = kf - kj ? 

there results the following expression of the counting rate t 

I U ^ V ^(Ir)e.(kI) -^—T\«Cu1,'uî>t^1,Tf2t51,52)'Pmc^,*1)x 

Formula (11) will De used in the next sections for the 

derivation of the resolution fauction. 



• , ti at-, o I u t i o n f unc t ion io tho :f o ur—dimensional ($ t^) space . 

'" ?~e?5i J j - thf: s c a t t e r i n g cross s e c t i o n of anisotropic sya-

^s s - • ^xp^essed ir; terms of momentum and entrşry t r a n s f e r s , Howe-

or,, v-.e spraao. cr ir_- 3 ad fcP around '&.( aad k.v, caused by f i n i t e co l -

i^av; Lc;i) cno to-o^ic ^ . - . y i ^ r ^ of zn^. monoohrcaator^ leads on to a 

•;bi",c:.1uar,t spread of.' aonsentum - and 6aw»"-y iranaie. -" : 

V/i,.':;v •• fit*" 

"•w.„. <- ^ V k W 

': i s convenient <;,:• ace iju£i;o36 oi Q i'iic -̂  < t h e i r dev i a t i ons 
xro"i 0,. .una '-'̂ c • '* ano ii 

. - <;:• »• Q 

'" ac four vari,::uiui"; defined in eq.-.t, 14) are introduced in eq. 

(11) to tepig'ie u;, ,"'-\» :̂ \ and o'z ; u^ ana ^ are !.<:9pt on» 

Then, the count,in.''; rat* b^cor.es ; 

K k j . y . J s l C ' ^ ) ^ ; ^ ) ^ ^ ) — ^ . . i - . \ 3("S0fI,.XJ,/TMTAdu1 d^dXd^ (15) 

^ ( U ^ p t o , c g) | si m. 
2 "(I, X4) " J f i k ^ c o s ^ c o G O j U i r ! ( « s + ^ 2 - ^ 1 ) ^fekj J s i n C e ^ ^ l 
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When the scattering aaglus are nrnoh larger thaa the colliap-
^IOE angles (i.e. the small angle scattering is excluded ) * 

H fc£ lai.tf. 
J o 1 5 1 •——T-—;-.~-»—.—»• " ( l b ) 

and; 

*•* 1 - A l o ° l * A U X 1 • A I 2 \ •* A14X4 

^ 2 B ^ o 1 ^ * ^ A • A22*2 + *24X4 

°2 * A3ou l * A31*l * kyth. * A3*Z4 <17> 
c 

h^i'^"h (18) 

where 
\ tg -Ş cps(<̂ > + ©8) 

1 1 0 " " * * " A l 1 " k i 8 i n ** 

*12 * kj 3 in e g A14 c —ry 
fcjsia «£ 

cos^5 

« i n i . ~(B/iOcoB^ 
I S fcj. 81C ©s 

s'ijere ;-

Final ly , the counting ra«c may be writ toa es i 

l(%)^.kj.)Ukx) \e(Q^J.,I4MQQ,1 ,XA)<K dX,4 (2o) 

1K^,X.X4) - - p T H ^ g ^ l \TM TA d u l d ' 1 <2i> 



le 

is the resolution functiono 

In this definition, the resolution function is a dimension-

less quantity , expressing the relative sensitivity of the instrument 

for a scettering process characterized by "^COQ + X) and 'BIf, moraentuci 

and energy transfers, when the diffractometer nominal setting corres-

ponds to fio momentum transfer and the most probable process is art 

elastic one.. 

The explicit analytical expression of R(Q,X,XA) is obtainec 

introducing in (21) the variables X and X^ by means of eqs.(17) and (18) 

By virtue oi* relations (3), (17) and (18), R may be separated 

into two components : 

R(\,I,X4) = RH(Q0,X1,X2,X4)RV(Q0,X3), (22) 

K., and R,, being given by '-. 

f 
H Jain « 8 t g © M l \ • * A H J 

c 
RV = \TBIV TAV ^h < 2 ^ ) 

For- Lfie desc r ip t i on of R„f thf} ho r i zon ta l component of the r e -

sti.'utioD funct ion, obtained from e q . ( ? 3 ) by i n t e g r a t i o n , some new d e f i ­

ni clous are in t roducea ; 

2 o ( | 1 2 ^ *~ 2°Cj 5 2o< 2 1 
M 

U * nu"1? + 4-aum-, + nipm, 

S l =(^i0+2)^m1 • U l o * l ) % + A^Cm^ • a L ) (24) 

T, (n) = A l 0 ( A u + A 2 1 ) + ( > u ) A ^ 

W ^ t V « %o< V * i (25) 

Then 
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aliere : 

ano , 

»•' ' > , 

Usine the notan-um 

• a , ) 

-tr-

2< 

(27) 

( 2 t ) 

fro?v eq,6(23') tiie-»:^ r^'/ultis the "c-rtica;. corup merit ol tne rec o i u l no 

function 

in whicL ; 

-l J 

U:9 

? i > ; 

V>2 - V ' 
H ^2 % + 'i. 

Finally. , R may ba «vritten as 

- n / M, X X 

vmere 

and 

• V * . V = a0C50)e 

«U - * 2 3 = \ 3 - 0 

^ K i d V c 

'.'. i J 

• ; ^ ; 

('*) 



Oefinine- tu» **elastic" resolution function as 

-tL^A-
R C ^ , i ) = R n ( ^ 

thy c o u n t i n g r o t e t a k e s x;he f o l l o w i n g fortf 

lv Q,0) =<$> v. kj j C ' kT ) \ ; 

wne.re 
- 7^4^x*r -(fti^x-j+Uşj^yi^ 

(3r-

Whan trie s c a t t e r i nr: c r o s s s e c t i o n i s Dure iy e l a s t i c 

( 3 r 

(3S 

••-:•* R e s o l u t i o n f u n c t i o n i n t h e t w o - d i m e n s i o n a l ($»---~') s p a c e 

Tr,R -;T.(. ::8 s e c t i o n of an i s o t r o p i c .'Simple i s e x p r e s s e d wir ' . 

:;"•;•;...if.'t vo on.i.v ;;v;o v a r i a b l y : ; t h e ma^niou":.1 cf t h e momentum tre,- ' -

9r.i "h<... e.i-:> :??;:•,' t.oarwfs:; O v - r i o ; iu I s c o n v e n i e n t to e a f i r . ' 

a . ,nrres;-• ' r / i inr r e s o l d o - f u n c t i o n 'iepsncij. t;i'-; a s w e l l on t h e s e va r : 

oj !':J. lor-lv ^.t i no prf-viojo caso che dev i a t i on ; ? f r o f «ha DOSD 

A. - . 

^ - '•- (.39. 

When i - a v i o of t h e r e f e r e n c e frame) frora f i g . l i s d i r e c t e d 

a long ^ . 

<*. + y„ 2'w 
(40 ) 

Then, f o r on i.-.ot.ro^ic s a m p l e , from e q . s . ( 2 0 ) , ( 2 2 ) and ( 4 0 ) 

orift o b t a i n s : 
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r i y 
Kfy-^V&kt) \8( VXl»24)RoC^o)? " ? i ^ ^ ^ d X d X ^ (41) 

Integration in eq.(41) ovg? X^ and X, gives : 

I(Q1)^l^)t(kI)V«CQ0*XltX4ACQo,X1,X^)dX1 ax^ (42) 

where s '< 

i s the resolution function in the (Q,1^) space* 

From eqe.(43) and (43•) there results s 

(*3') 

Ro u .. ^ ^ x 
2 I ' 

2 k l \ ^ ^ J 

ft.- a7 . X „-»- 2"^ 

u " l 2 XJT U "24 
1 1 * " l l " "TE^ - ^ 44*M44~ T E ^ - X 11- «l l - T ~ ->V- «.-"W" - ig- (44) 

In order to define and In this case the resolution function t*a 

a dimensionless quantity, the k-density of the neutrbn flux,<ip (kj)t 

^ ( k j ) * 4 ^ ^ ^ ) (45) 

waa introduced to replace <$> Ckj) in eq.(41). 

Therefore, the resolution function in (Q,^)apace ia related by 

means of eqs.(44) witn the one , already known, defined in 0$.^) space. 

However» dua to the large number ox terms in *L , it is difficult to 

obtain 5.n this war formulae expressing in the most cimple manner tho 

resolution xunction dependence on experimental factors.- To do eo:, it is 

preferable to reformulate the problem of the resolution function ade -

quate to the new physical aituatior -



- If-

?r.io nrocQc^uTa 0"! tae /. '^solution iuacr ioo Calcu la t ion i s a. • 

miiar r.o cna~ u?o5 in -Jh* . - 3 ' a o ^ s e c t i o n for t.-.e de.ri.TOti an o? 2(Q.>V) 

'A'luis V -»nd £;. 3efiri«d ; f\ 6qs«(39) and (*«>}, ara Introduced ir ( .u ? ;? 

replace two v a r i a b l e s , say V and Up. ?r< .̂r eqs.Cl?'.) ^act (19) one f i r if 

M = >J2 * 3 l o a l + 3 i l Z l + ^ ^ 

"2 ~ £^0U1 * % 1 2 1 + B54^-

i *k-

ce • 

B l o «2. & ic 

^ 1 = klX 

^A* A14 " 

t 6 %' 

- s i g n ( © ' ; 

• A0 , s — - f c -

~^m/h.< *.,„ '& 
• 04 * - ^ — ' * 5S — 

07'; 

' l a m . •••:!& ;•'•'.; r & s .• .•v • .; r.-;.; following *rpyasslon nf -;:-La 'ountvifr 

'vonsouuenily, according to eq . (42;„ the r e s o l u t i o n funct ion ma; 

bo exp' eiuiod. as follows 

http://de.ri.TOti


K ; ' ^ x l V = —ţ-±- - -^T \VAdH ^ * 

After ittegr-e •.""•'.OL i?. .l;--0.'. c-^- o b t a i n the d«?as2ic?c> 3X?rsî 

the resolut ion function.: '. r.- v:>:„ c--i 

^ - ^ ^ ^ Q g - c "~"T"—™~—WT^"—' ' • — ~ — ~ — ~ ~ — ;,pj 

Îtg^os - |̂\E y * * w 

Mu
 = 2Mai H?*1- 1 ' i ij ~ — "I & 2 C52 

an-3 ; 

The "elastic** resolution function is now give;, r, 

Finallys the counting '. '.o becoi.es 

5» JDiscuasio.'f 

The results of the previous sections enable the o&loulation of 
widths and intensities in any experimental sit;uati<->*i as -'-ell as the 
attempts to find how the instrumental parameters ( i.„ciaer,f, neutron 
energy % col''.actions* inonochraaetor crystal) should be changed in or­
der to give more advantageous experimental conditions» , 

The validity of the present treatment xs limited to the cases 
of elastic and quasielastic scattering cross sections waicn, as e matter 

http://becoi.es
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of fact , represent the efficiency range cf the two-axis analysis* 
Moreover, in the latter case the doe precautions ţtart ba talcen to ask» 
sure that in the scat tare J bea* the neutron energy distribution r»p*w-
sents a narrow band around B-?. This requirement may be achieved by a 
suitable choice of instrumental parameters. For instance, if the scat­
tering cross section is m Lorentzian with half widthA Xt 

„^£(3^)-^ '^f. (56) 

the : 3.^1 ̂ idtr. ox tne naanroa energy distribution in the incoming beamx 

r., -•• n-, * cu 1/2 
j c tg©^ (ln2 — i — ~ j £ — — * ) ( f 7) 

D.U3- -e .. *:.i-a t.c r. value d:i -"ib'& She co-'- 'ciution of the c ross s e c t i o n 

with TZQ inc ident neutron i .vcsasity j 

be s u f f i c i e n t l y narrow. ?he Half width of ;he convolution of a Lorentzian 

vdth a Gaussian has been caxeula^eo. by Tautacn (19 ' ly« Whenzl E., ^AB 
• e.g.. 

the 'j.alf width of the convolution is smaller than ~ 1«6A&. . If neces­

sary , more severe restrictions may be Imposed to the ratio A B^/A B 

through eq.(57)« 

In quasielastic experiments (critical scattering with s 4 0, 

quasielastic scattering in liquids, e.g.) the explicit energy dependence 

of the resolution function permits to take into account the inelastic 

effect? in the interpretation of angular distribution data. 
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I I . ANALYSIS 07 THE ELASTIC COHERENT NEUTRON SCATTERING 

Hi CRYSTALS 

i.ie resolution function of a neutron two-axis spec-
Sroiietex' derived in a previous paper, i s used for rue 
calculation of the wi_ths end integrated in tens i t i e s of 
Bragg peeks cf perfect and mosaic imperfect single crys­
ta ls as wall as of polycrystals . 

1* Introduction 

In a previous paper (Grabcev, IS ̂ 5 ) which we sha l l refer as 

paper I , the quasielast ic resolution function cf a neutron c rys ta l 

diifractometer has been derived. The r e su l t s are applied here to the 

analysis of the e l a s t i c coherent scat ter ing of neutrons in c rys ta l s 

in the absence of multiple scat tering e f fec t s . The cases of the per­

fect and imperfect single crystals as well as of the polycrystals 

are separately examined. 

Tb* use of experimental Bragg profile measurements iu de­

termining the e last ic resolution function of the diffraccoaeter as 

well as the expl ic i t dependence of the various scans on instrumental 

parameters are closely reconsidered. To the previous results of 

Caglioti , Paoletti and Ricci (Ceglioti, Paoletti & Ricci, 1958,1960; 

Ceglioti & Ricci, 1962) and of Cooper and Nathans (cooper & Nathans, 

1968 bf Cooper, 1968) there i s added the calculation of the absolute 
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£ -JSl 
,^-»«isu^Ms^£tOjt-xT.iv^ < 'V % â  iv, 

^ r r - 4 ,»ef i; ^ Si-al-w«> (55) 

The counting ra te describing the corresponding Bragg peak 

i s obtained introducing eq.. (35) into eq. (36)of peper I . There 

r e s u l t s : 

UA\ = Ue*)-e. L ^ T l * (36) 

where! 

"XU-T 
Ke.o /ft,; 

vta;w^^^w)(u;^e^^H) \/(2^^j^vuwj (37) 

'V, = n, -
irk, **'lt£k?i M,i it., -**, 

^••uSe^fM,^ T ± i S:£ . „ ^ 
j 4 ; — ; 

*?>.^ + '« 
A«* f n 

+• 1 

<%_ s *u ^ f -*a 

h —li-

M i t -
M» 

•sk, ^«;e5 •) iN ;
9 7 f»i + 

M JI 

- ^ i / * , 
C 1 * 2 l ^ i -

J: 

4, 
^ t; w ^ T' H H +1 * ̂  ^ < ^ 

< ^ -
4, 

7i Ml 

(38) 

Therefore, the profile of Bragg peaks of a mosaic imper­

fect single c rys ta l are determined by the reso lu t ion function of the 

diffractometer as well as by the mosaic spread of the sample. They 

are given by the same formulae as in the case of the perfect c ry s t a l 

in which I(©B), MtJ and 1 ^ are replaced by I ' O g ) , M[, and 1 » . . , 

respectively. The half widths at half maximum as well as the integrated 

in tens i t i es of Bragg peaks of a mosaic c r y s t a l , corresponding to 
some par t icular scans, are l i s t ed in Table 1. 



Table 1 , The half widths and I n t e g r a t e d i n t e n s i t i e s ;>i hra^i» x-^^ks of a ujosaio > ,v< , 

^ 

^.--r) 

"V ' 

" ^ < Î - > I 1 \ A U _ . Y ! „ 

x - r̂ = o 

X •: !,-• 

Y - c> 

V.^< 

^ 

U - t : , •aV.AWy 
.4-...._ 

i n . 

- L , . + U - J S 

A. * . iv-r • zî 

•\i »- ^ Y" >->t 'M 

L - LT,h / L^ 

1.4- i-'i* 

• 4 + 3>i -•, .1 '-'\ £ ^ -r- O 4 r -/, ) ( ±-f ' r;, 

K 

X-, 3 - ^ <;-

1 c« i.y \ 

- ( T , » 'V 1 

I , , > • > . 

«9. 

<", (a, i V . j i *;,;<.•, ^ <>, (-^L r- •'•*: - ^ ) ^ i ' ' , . •> »\ 

- <i 

^ ( ^ - f o >i £ - V *• ^ ' ^ . ) 

L_. 
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• ' * *-• - "• '> '-Ti Î r . r - ' ' T -

_..' i i_c ir ,hla 

ii'-ris-r ^ o s s s^auior. 

:n ..io.' ^.:e equation oi the 

.-: ;.vc 

'^o: 
„:;". :.:iC3^i !;; : s obtained waen: 

.irij?;ie ?» i 

o 

K+^j 

\ rc- / 

i??r a ,fen^i--îl ..or .'.tio:; de:'; '£0. •„.•;.' _< ie tec . ;or iaiasetiiig 

the rr.3gnit.ide oi sae ::-.--<tî;erir.-, vs^ tc r i - j iveri by: 
C*3) 

and the counting r-'it;;» baoo.^s.-i '"•;.;o i to: 

-V>J -. 
# > ; - ^ ( *4 ) 

Q<. and i/„ iire given by eqc . (51) and (52) of paper I , in which 

according to eq . (42) fl = 2©D. Hence: 

http://rr.3gnit.ide


A J-> 

-<c = — 

2- <* V! , C*5) 

*: v r * *=•§ V " -

Therefore, the Bragg peak i s described byj 

-*J = : e i&j -e <- <46> 

where I_ ( 0 n ) represents the naximua intens i ty* 
P o 

1 <r, (47) 

0„ i s a proportionality fac tor: 

Consequently, in the x - s c a l e , the half widths and the 

' . . i terated i n t e n s i t i e s of Bragg peaks of a po lycrysta l cre given by: 

,H 
flQ^ *9) 

When the Q-units are used ( s ca l e factor k» cos 0 R ) : 

•'.50) 

5. Discussion. 

By a proper choice of the reference frame, the equiintensity 

ellipsoids are directly visualized in the reciprocal lattice of the 

sample. The eq. (11) enables the calculation of the width and inte­

grated intensity for any scan. However, in the paper only straight-

line scans here been considered, there being no an evident advantage 

for a scan whose trajectory in Q space is a more or less coopllcated 

curve. 

The expressions of half widths and Integrated intensities 



values of . -f ©r.sitnes snd o# their dependence on vertical resolution .-

The equation of toe diffraction pattern rf s oer>i 

single crystal is obtained introducing in sq. (36) of pspe; 

elastic conerent scat: doriri*; cross ^ec^on (Gafiselo, 1950) , 
Jc L> ' ' >~^r ^ ^Q*--*o ( i 

••.̂  i s the volume of the uni t c e l l . 

F(Q) i s the s t r u c t u r e - including Debye-Waller l a c t o r , 

^ i.s auy vec tor in the r e c i p r o c a l len t ice of the sataple „ 

T n e :ca r 3 sui 11 s j 5_ 

. -:'̂  .-s :-e<; o'. i-'ft̂ Ks v.'hor-e widths and infceusi t isa are p s e r . t i s i l y (!<•.••• 

ue.ci/.'u-Orid 'iy the r e c . lo t io r funct ion* 

When the i-iixiB of i.ihs reference i'ra.ti© i r o i i i i i ^ . i . of peper 

X (.in wnioja as i t was already pointed ou t , ^ ., .- 0) i s o r i ^ r f ed i i r s o ' ; 

l y rewards a cur ta i ; ; ruy ipmea l vficfcov of ti-.p s^^ple , ;..-*.. r r , - s ' r 

fcb.:. rl-)x-rof:;.o:.-i-jdj..-/c; b r ,^g pes* i - d ^ o . : ^ o d b.y. 

w-Tort' l(^ja) r.^pro^ontij tdo :.,-•.••<!•: i n t e n s i t y , occurii*^ wutu/i: 

fi tld i 

The condition (4) l««dt< to; 

< ^ * \ v y ^ - % (6) 
whilo (5) doiiiuruls* 

% ' 2 e b (7) 

The shape of the peak i s dependant on scanning procedure , 

( 3 ; 

C'i J 

( 5 ) 



ir 

'v 

Oi agres in the horizontal p i s ie i i i - j s ţoa wi.;i... '-he ,- * le..; i < 
s h i p betwaeu misses lag £-.n&le-.: ani..- the c ţ̂»? OJ.-O^POXC WSV ->e'-(.o*-.-

;u o:'.r- calfele uLsr fafe/ 'ecce fresoie msy !&<. ~J'-> i-^tiJCr 

i^, î-'t-;. c a v e s i c a l a x l a , I'ho r o s e t i o n of dbs «i&molfc r..rr>«g 

angle - ^ iTota'tijie opţiuni p o s i t i o n (Fig-,,i> ::a fie;-,.«,-̂  î i»-. t si 

i 'o^at ioa both. k,. snd k^, through. ?in angle '•>•' i a îj'O :«.înot- *c-

tc£, the s c a t t e r i n g angle reaiaaiing oqua?.. fts f̂c.,,,<> '.;";? •• • c^t.sr r o t t 

c lon by an «rigle '.>- r e p r e s e n t s a i'ofcat.hr-. r>t E4 tw-.'-t-*"?. '"c- samf 
— » • 

mpliit to k|i* I n tiî.ia configurarA.on 

'2 ^ 

<â. „-, ZV 

http://fcat.hr-
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and conseoj.ientlyi 

Q-ni. - W-j(v-X -4- W ) ^ n . ' S ^ 
C9) 

At a ro ta t ion of the reference frame ( i . e . o f the sample) 

through a small angle *i* (comparable with the v e r t i c a l coll imation 

angles) , about j - a x i s , the components of the sca t te r ing vector are 

changed in the following wsyj 

As i t taay be seen in eq. (10) the horizontal component 

of the scat ter ing vector is m. changed when ^ i s a small quant i ty ; 

r.liQ greater f values ara not important due to v e r t i c a l col l imat ion. 

Consequently, a l l the r e su l t s obtained in paper I under the over­

simplifying assumption Q , = 0 res t va l id , and the counting r a t e 

for u general configuration defined by a i sse t ing angles ^ . ^ sr»d "Y 

is given by: 

where: 

1;. (12) 

In oar par t icular reference frama, according to eqe, 

O ) m i (lo.)i t s V: ^ C o € , . 



The ales--?-LZ::< ".•:.' tr-s r e s o l u t i o n 7\;*o!;ic:;.: •jr-tz.r^nr. ;. 

v,!!) a r e g i v e n by ecu.;- v'26).. ( 2 7 ) , ("2"> --ir/X (> ! ' ' 3- ^i; :•:••'• 

which in ag reemen t -wit a e ;r, .'L/j 3 'id •' 7; -,"- - ";~ '--•y- '-• 

hence* 

wnei 

Paoku;Ci. v-, « i c e . . . i'-rv 

s i g u i. vi,. 

X " ^ 2:,-,- SI.'. 

J,=(a+2^2ni-,+(^-<-l)22i0 + a'Crz-, 

MU= 
c;a,ii-. cos"t-- ' " c:̂ -,-c-r yi V 

23-, k.^ ?"Lr> <3^CG^ t>-, ''"' 71 k~ .s~n ' •.-,-

• * . - ' . • » : A<j. 

i , , . , . - - ,v; + , v ; a •*• i ) m , + (,?.a + X):.:... \ ••*• 

1 = W l •—-22-lIi- sin2 

( i ' : 

v 2 + v? + "''' j .1 

The fol lowing i d e n b i t i e s w i l l bf! fur! 'aer used in e>rprs= 

s lug Che peak widths and inr .egreted in tens i t ; 3?; 

(IH. 

^IT^ZZ " *12 = 4 3 i ^ - > 
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The OLClxum i n t e n s i t y i s obtained fr-oc 3 0 . (11) when: 

% •= -+• •=. s „ c . n s . 

... 7- . M'.J-'."''' >VVIL '£», ,'; v; , j '-T^;, 

j,f we in t roduce the incoming f lux of mvnozbrovvjt .•„• neutron,. 

(expressed iu 11.cm, sec ' *')t 

r - * -v •-» ^ V " : ; «•-, K \ I - -
T _ 1 - , » — ' ,• \ \ * _->. : i . ____[; \ 1 

and the c r y s t a l l o g r a p h i c quan t i ty Q (Jau<=o;, 195c>); 

Ut\ ' j ' \\:!^-~z.y, 

che peak i n t e n s i t y .vill be given by: 

where V i s the samole volume. 

Formula (11) i n d i c a t e s tha t the I JCUS of poin ts in q space 

for viiiyh the count ing r a t e i s p-tiuies smaller than i r the Bragg 

p o s i t i o n (cj' - 0 ) , i s sn e l l ipso id . -

H n ^ ^ v n ^ . ^ - v M , . ^ +M 4 i ' i ; = - w ţ (23; 
Consequents ' , cue shape u" Bragg pyi^.s id dependent ori the d i r e c ţ i o: 

of disblseeafeat in q space during thf.: en an. If q„ , . 'f and -"' rire 
:".oordi.D,f*t;eo in q space , defined byt 

2\ = Us ^ S 
where according to e q s . (13) ; 

(24; 

f~-

^ = LT">J V . ^ \ r ,--/ 

"X '-J 

.1 T . i r tyfcil 

t -

(25) 

the Bra Kg peak measured along a d irect ion in q space defined by the 

angles \ and. .' i s descr ibed by; 
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T < ' A --> \ -. -, x -J ^~f: 

<^0, 

where % 

M( IV = >/rr - o M ^ I ^ ^ u , ^ ^ ' ^ ^ ^ ^ ^ - "^ ""' (2?) 

Therefora , the Braj?: peaks are Gaussians whose i n t e g r a t e d 

i n t e n s i t i e s and aa l f widths a t half maximum a re given by: 

:!Ti.u }ice..f!I^rfJ ~^1%-s. (28) 

V M(ţJ) 
Formulae (23) and (29) w i l l be f u r t h e r app l i ed to the 

c a l c u l a t i o n of Eragg peaks c h a r a c t e r i s t i c s of i dea l s i n g l e c r y s t a l s 

for some usua l scanning p rocedures . 

C r y s t a l ( y ) scan. 

In a ( <f ) gcan, sample c r y s t a l ic r o t a t e d abouc a v e r t i c a l 

a x i s keeping the d e t e c t o r f i xed in She ficagg pos i t ion , In t h i s s i ­

t u a t i o n - ' ^ = ^1" = 0 and according to eqs . (25 ) J> = 1 7 / 2 a rd 

3 = 0 . Then q-, = q, = o, i.e. tbe i n t e n s i t y a l l i p s o i i s a re scanned 

aloc.,2 q0 a x l e . Therefore? 

4 ~- U eM^l, ^0) 
V? -z. \ \ "~ 

In e q , (JO) 1^ and L ¥ a re expressed 'in u n i t s oi qe 

However, u s u a l l y , the Bragg peaks a r e p l o t t e d i n terms of angular 

u n i t s . Eqs . (30) may be r e w r i t t e n in <f - s c a l e d i v i d i n g them by a 

sca le fac tor *qual t o 2k s i n 9fi ( a s obta ined from eqrf» ( 2 5 ) ) . 

Kenc*, making use of e q s . ( 1 6 ) , the. peak i n t e g r a t e d i n t e n s i t y *nd 

ha l f width in V - s c a l e a re g iven by: 

( 5 0 ' ; 
' <L l ** 

' 1 -^~ .t« 
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Crystal-detector ( f t *-2f ) sc&n. 
In Shi» sostt ~JL = - S ^ a n d V = c* îu*u 1 ~ -* = o and 

q? = (j-̂  . f>, i . e t the scanning i s perforaşi slozg q, axis* Fencs^ 

\'xi~X 

sad in v£ - s c a l e ; 
i t i 3 i ~ ^ - ^«>V^ 

J* " ^ -Si 

(tha acaiJ9 fac tor ie now 2k ; cos dţ.) 

.Detectez (3C) scar.* 

than the uryata l l£ kept fixed in the Bragg posi t ion saci 

the detector 5-8 rota ted ( ^ - V ^ o ) . " § - <©*, arid 3 = o . The a? 

and? 

ţ^ • c 

- - ^ 

i 
L> -^ *v 

a Cacfi-i^g 

'— 

, ^ • = • ^ 

i 

ri •V--».'©»;, 

3 * 
vv,, ^ f i s + a v a - 4 « % v. 

X T 

cW'G.:^ -r *•"**«. - 0 © & *»«-

fac to r 2k 1 M 

" T - , 

J... -"- - ' - c * 

f 's^'/ icai i, "f .J &&a;: 

i * % •v K » » »*•• 

o-r -+• t i n * * v . 

v " 1 * . 

'•=-, 

(.32 

< . ' • * • ' 

if -taft c i y s t e l is» ^rotated *;̂ C-E the Sregg pssivi,.--: f* :'.*" 

3-3Xla ( ^ = >- - o ) ţ ~5 - .^- / ' i , i .e. . taa scanm^. i? :a9.-.« 

a 2.wag q^ axle , !Ph& iatse'şpsteâ iateaBit? ani *-£<? ir?!.!" i l d t h ex th j 

peak: are in tkiE -oatttf: 
-r - • r. v • > i f 
1 - s j V t » f . i ' v 

V-v 

V/. 

Ic ' f -eceJ.fi (scaling factor .25k, v v ^ ) . 

http://-eceJ.fi
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~;\e iii • c o e f f i c i e n t s de f in ing i n 30 , (L'5) uhe e q u i i a t e n s i t y 
i - j -- • 

e l l i p s o i d s e re nothing e l s e fctian the elecienus of tae r e s c i u t i o a mat r ix 

i r ^responding uo Brsgg p o s i t i o n of the sample a "That ;:ieaiisf in tnase 

a v t i c u j s r p o i n t s of ( Q . ^ ) space, the r e s o l u t i o n funct ion of the 

•.iff r a c t o a s t e r nay be d l v a c t i y determined -.xperimen t a l l y froE tbs 

,..J.-U:"L- iDi :• ".'ie.Go-i.'iiecs of ^ .a^g peakc ci? t: porfuot c r y s t a l , measured 

vi;.:.'i3t.= ^.i.jjiiiii.-^ uodeg (Cooper § Nathans ; 1968 b ) -

'.;ose c :.:)iperfecj; r, 1.15le -£73ta_l_, 

'.•-.• -r-r.;;-3 cocoloşi of 3 rao;saic imperfect c r y s t a l u.ay nt; .:-b-

,. .aed -iVG.ragin^ che c ross s e c t i o n of a pe r fec t c f .ys ta l with r e s p e c t 

; : :.'033ic block d i s t r i b u t i o n (Cooper § Not ions , 1963 .?}. 

Then a c e r t a i n r e c i p r o c a l v e c t o r cf the .nost probable mosaic 

s locks i s o r i e n t e d aga ins t r,c i - a x i s ( i . e . "G = - ^ L ) , the c o r r e s -

on&ing r e c i p r o c a ! v e c t o r a t t a c h e d to a mosaic b lock, desc r ibed by 

a o r i z o n t a i 3rid v e r t i c a l mosaic ang les Mj -and ^ . r e s p e c t i v e l y , 

\B g iveo by? 

'G1 a - rs c o f , o f 5 T , t v c v-"-vf, ^ H-. T + r- •>'•••>-% V 
" - * * •*• &•£•£ ^ -^xC 

Then 1 , 

where f % ) a n d f ^ a r e the d i s t r i b u t i o n functions of the mosaic angles, 

When they are Gaussian funct ions with half widths LSH = <.*•&*«.*•) y and 

r 0̂ v"1 V » r e s p e c t i v e l y , the scat ter ing cross s e c t i o n becomes; 



••-.-. c- •. r^i. •?•, • ;n> L'cr s!r..*rxos c r y s t a l s , coXlec-

.: : s cc o=ii5tf,;'JCx' •K. <-.;'-; ''.or polycryst&.U-

:: :!?.:,ee-'^n'!; w-cn ^icss i ' jpcrceu by Oagiiofci. 

.••"• Oooper o-:.!•. Nstn.a»'>? -, Moreover., toe 

... repor t XODB .. • o: f s ccor s =!3 WOIJ. a s vi fha 

teci i.ntsnsxfc : ' J 3 en venerea 1 colIi isacionB 

.:-.>,•* in v'iv: [.'.CrtPenc paper,; come be complete 
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