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The application of a ber;ylliUJn filter c:n~d sj_ncle cry.:to..l 

arrangement as t h e analyser of t he enei'f!.:Y of s cattered neutrons 

has mad e it possible to construc: t a spectrome t er wi t h a re

solut ion of 4 T/1r =2 . 3 per cent, v.; :i. th satisf .-?-.c "Co~:'"'"J neutron in

tensity . The effect of vcu:·ious fac t ors on ti1e resol ution is 

discussed . The results <J-re c om1Jared \-,,i th rueasm'ed s pectJra of 

neutrons scattel'ed by a mmonium c11loride cooled to the tempera-

ture of liquid nitrogen . 

General Discription of t he Sp e ctrone ~.;er 

The solution of probl ems of physics by means of inelastic 

scatteringcof neutrons requires spectro:neters v.-ith high r e -

solution. In sp•::ctrometers with choiJpers monochromatizing 

the n eutrons and i n crystal s pectrometers the r esolution is 

increased corre s p ondingly by altering the c hopper speed or 

increasing the collimation of t h e beam. At the same time 

t his bring s about a loss in i ntensity. The r e solution of 

s pec trome t ers with a fil ter /e. g . Be or BeO/as the analyser 

of scattered neutron energy c an be incre ased by._ the use of 

r efl e cting single crystals. 

A time of fl i ght s .9ectrometer with t ;:te :t'il ter plac ed in 

front of the detector without the monocrystal is installed at 
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tail s of t his s pectro!ne ter have b e en d escr ibed. e arlie r ;' i /. 

CPhe neutrons, l eaving t he moder at or plac ed a t t h e c ore , 

travel over a distance of 20 . 2 m or 30 m. and hit t h e s ar :p l e 

/Fig . 1/. 'rhe ener gy of the inc ident n 0ut ron s i s .<1e Ge r m:Lwed b:y 

measuring the flight time f r om t h e moderat or to t .. w cou.nt c:r b;y 

means of mul ti-chane l t ime analy..s~r . Some of t he ~; c a bterec,_ 

n e utrons pas s t hrough a beryl l ium f i l ter / 2L.J,- em t.C1ick/ aL ':: ir:1-

p ing e upon a large zinc crystal. 'rhe surf a ces of "G h e sin c:;l e 

crystal are made f rom thr e e zinc sin gle cr ;;:::rt;a1 c -,_lt parn]_L.:: l "I.y 

to t h e ( 002) pla.."le , e a ch with t h8 dimension:::; 20:;:J:., . '?x-'1 . ) en~ • 

Set to~;ether and appr iop:r'iat e l ;y orient ed, c:ry.:;;y (; OnGt it ~rt e a 

crystc:U. plane with an area of 2ox;~o cm2 • 'rhe r os a i c .sti·'.lc t;ui ' e 

of the single cr y stal wa s incr eased artfj_ c :~ c:tl l;y c.t .T i n t; bn .. t.:; d .: .. n :::; 

and now equal s :!;1. 6°. 

When a filt ered neut r on of a t_; i v en en er;.:;y 

t h e crystal a t t h e Bras G angle it :L:3 then r•.:::_'~lec i:.; ed . A ;:,ra;y o:f:' 
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c ow1ter s is pl a ced in a su(~h a vmy t l1at onl;_y n ou'cron s re-

f l eet ed from t he the s ingl e cry st2.1 a r e d e t; ~-; c tetL · ~1 hus , t h e ~·a.t;e 

ana l y s i n g t h e s cattel'ed neutron ene rg;y i :J l i mited on t he one s id.< 

by t he t ransmi s s ion of lJhe b er;y l liuut f i l ter an d on t ile oT;i.1cr by 

the re f lectiv i t y of tJ:2.e c r ;ys t a l. ~£1 hese tvvo distr i'cu l:; ions c an b e 

s h i fted with r es pec t t o 

of t he s ingle crystal . 

each ot;her by al teri:·::.;; tl:c settin t; C~ Y : t f"l.D 
...... .. . ,:,. ) -'- '-"' 

The appl ication of the b eryl l i um :fil t er is c onne c t;2d wi th 

the necessity of removing all t h e re:fl e c t l cDs hiGher:· "Ghcr: t~.L l~ 

first order. That is v ery imp or t ant when che unert.;;:;.r of •.::: .l•e 1~:c :3.c ,:.; 
c 

refl e c t ion is much l ower t h en t .i.l.e t empera t ur e of t r.e modera:cor . 

'r h e numbe r of neutron s I.'efl c c t ed L::o1t t h e :):l.n t_, ls c~ r:y s . ., aJ. 

d epends on t he c ollimat ion of the incid ent 1:.><:-: a u . ~he c: oJ.U Ht<C~L~r 

i s inside the 



- 3 -

beryllium filter; the beryllium is sandwiched with vertical 

sheets of cadmium foil which collimate t he beam to ± 9°30'. 

Zinc is hexagonal in struct ure . Cut parallell y to the 

(002) plane it can r eflect neut r ons /c oheretly and el astically/ 

of a wave-length not exeeding 4. 94 ~ /E= 3 . 37 meV/. Neutr on 

impingment and reflection then occur at a r ight angl e to the 

(002) plane. In practice the singl e crystal must be set at a 

smaller angle and, theref ore , bhe mean wave-lengt :t of the r e

flected neutrons is decreas ed . At t he gr azing angle of 53°15 ' 

the mean energy of the reflected neutrons is equal to the bery l 

lium energy cut-off. Hence, we have at our dispo sal a r ange 

of angles from 53° to 90°. The energy spr ead of the nGutrons 

reflected from t he single crystal depends on the collimation 

of the incident beam /±9°30
1

/ and the mosaic structure of the 

crystal. 

Determination of the Spectrometer Resolution 

The resolution of the spectrometer was calc"Q.lated theoret-

ically and all the most important factors affecting it wer e 

taken into account. 

Neutrons of an ener~~ E
0

, leaving the moderator at t ime t 

hit the sample I after travelling over the flight path L1 I at 

time t +- 0( L:,;' /where 0( =2285 .2 (mev)}sec/m I. In t he scatter ing f;2 
process a neutron loses the enersy c= E

0
- E • If the energy 

of scattered neutron E is smaller than the beryllilun cut -off 

EBe it can then pass through the filter 
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be reflected from the single crystal, and detected by the 

counters. Finally, the time of detection can be written as 

} 
/1/ 

where L2 is the mean total distance between the sample , single 

crystal and detector. 

'I' he distribution function of the neutron detection time, 

measured by a time analyser, can be written in quit e good ap-

proximation as 

/2/ 

where: 

is the approximate time distribution of t he neutrons leaving 

the moderator /2/. c,t, are distribution constants. 

' n {E.) .... Eo elCp(-Eo/'T;;,tU<} is the enert;y distribution of the neutron 

flux leaving t ::1e moderator . T is the temperature of the max 

neutrons in the moderator. 

G'(Et?~!PJ1[' {2Eo-E)d{E.-E-t} i .s the one-phonon cross-section for 

inelastic and incoherent neutron scattering from the crystal 

at an angle of <)0°. · It was assumed that the sample alters ' 

the energy of a neutron by a constant value £. The cross

section ~a peak of infinitesimal width. 

~{E}"- (1-expf!!ff. })8(~-c) is the empirical formula for the for the 
E8e 

beryllium filter transmistiion. The t hiclmess and temperature 

are 2Lt em and 7d°K respectively. EBe is the eners-y cut-off. 
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i s the ener gy spr ead of the 

neutrons r efl ect ed from t he singl e crys tal. 

Er is the energy of t he neutrons r ef l ected 

coherently at the setting angle of. the singl e 

crystal with t he assumption of i deal collimat ion 

and zero mosaic str ucture, i. e . energy of the 

distribut ion maximum. 

r is t he angular spread of the i ncident beam, and 

b i s a constant . The crys t al thickne s s eff ect 

is negligible /3 /. 

8 { T - t - ex L 7 IE;,"%> - o( L 2 I E_,l.z.) i s a funct ion ensuring t hat 

a neutron wi ll be r ecor ded i n channel of the 

time anal yser wh i ch i s open at t ime T • 

Its wi dth i s neglected . 

In Eq . /2/ t he unc ertainty of the flight . path L1 and 

L2 are not tru:en int o account . These factor s have but a small 

ef fect on resolut ion. 

The result s of numer ical calculation of the relat ive re-

~)-::; solution as a function of energ-y change E. are pr esented in 

Figs 2 and 3. The parameter s of t he curves are the flight 

path L1 and L2 and t he energy Er of t he position of the 

maximum of the crystal r eflectivity curve. In all curves the 

half-widt h /duration/ of t he neutron pulse leaving the moderator 

\ _::\);;~ /half-width ~(t)/ is as sumed to be the same t hroughout and 

equal to 150 rsec. 

We see immediately that d T/T i s not constant within t he 
c 

entire ranc;e of changes E. but r eaches minimum value at approx. 

30-40 meV . It .follows from t he :presented calcul ations t hat 
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for the collimation used of the scattered beam the best re

s olution attainable is of the order of .o T/T"' 2 • .3 per cent. 

An increase in the second flighth path from L2= 0.8 m to L2=1.2 m 

changes the resolution by about 0.2 per cent, which is 

r elatively little. 

In the r egion of small enerb~ chanGes c the most important 

role is played by the energy Er. The higher its value, the 

better the r esolution. The use of energies Er> EBe is 

aimless for the increase in resolution is small whereas losses 

in intensity are large. A further improvement of resolution, 

therefore, should be sought not in increases of the energy 

Er > EBe but by increa·sing t he collimation of the beam im

ping upon the single crystal. 

I n the region of lcp:'ge changes £ an improvement 

i n the re s olution can be achieved by increasing the fli ght . path . 
L1 • There is no sense, however, in increasing the energy Er. 

Fig. 4 presents the calculated r esolution curves for various 

values of energy chance E • The ir shape is non-symmetrical. 

Experimental Data of the Spectrometer 

A convinient substance for testing t he resolution is am

monium chloride at t~ temperature of liquid nitrogen . In the 

i nelastic part of its spectrum there .d s a very sharp peak. Its 

natural width is of the order of 0.5 meV and its area i s 

equal to 1/3 of that of the ent ire frequency spe ctrum /4/. 

The distribution of Reutrons scattered by ammonium chlo

ride cooled to -1 60°C and -75°C are presented in F~gs 5 and 6. 
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':Phe filtered neutrons impinge upon the zinc s ingle crystal 

at an angle of 55°30'. The energy maximum of the elastic peak 

corresponds to 4.94· meV. Its half-width in both casas is 

~ TIT= 0.062 • On the side of the short detection times there 

is a hump which is due to the aluminium placed in the path 

of the neutrons. 

The width of the inelastic hindered rotation peak amounts 

to A T/T = 0.039 and A T/T = 0.052 at the temperature -160°C 

and -75°C , ·respectively. The peak width for low temperature 

is s omewhat greater than the value .6T/T = 0.031 calculated 

theoretically for the experimental conditions, that is, 

L1 = 20.2 m, L2 = 1. 2 m and Er = 4. 94 me V. srhis inconsistency 

should be ascribed to the spread to the L1 and L2 flight paths 

linked with the finite dimenions of t he sample and t he nec;lect 

of the natural width of the line in ammonium chlor ide . 

Under identical conditions with the beryllium filter but 

without the single crystal the peak width at the temperature 

of liquid nitrogen increase to AT/T = 0.072 /1/, i. e. it is 

almost doubled. 

The intensity of the detected neutrons drops when the single 

crystal is used. This decre ase is due to the reflect~.vity of the 

crystal. A five-fold decreas e in intensity in the elastic 

part and an almost ten-fold decrease in the inelastic part were 

observed experimentally. The use of the counter tray, better 

matched to the dimensions of the bea.m,can double the lumi nosity . 

·rhe present counting rate with the use of the monochromator 
' 

depends on the type and thickness of the sa.1nple, but for samples 
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of negl i gible neutron absorbtion it is gener.:J.lly of the order 

of 100 pulses/hour into an analy s er channel with a width of 

64 r sec at a flight path L1 = 20.2 m tthe I . B. R. power of 6 kW/ . 

Conclusion 

'I'he use of a monocrystal i n a s pectrometer with a beryllium 

filter in r eversed geometry improve s r esolu·tiori. about twofold. 

This arrangement makes it possible to alter t he re s olution 

easily. I n contrast to the crystal s :0 ect r omet ers , there is 

no problem of higher order reflections , these being eliminated 
I 

by the beryllium filte r. 

We express our thanks to :Prof. F . L. Shapiro and Pr of . 

·H. Nievvodniczailski for their int erest and discuss i on.. 
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Fi g . 5. Spectrum of neutrons scat t ered from polycrystalline 

ammonium chloride at a temperature of -1 60°0 
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Fig . 6. ~3pectrum of ns utrons scattered by poly crystalline 

ammonium chloride at a temperature of -75°0. 
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