
., lf13 

Yu. N. Pokotilovskij 

COOfilllBHMR . 
OfihBAMHBHHOrO 

MHCTMTYT8 
RABPHbiX 

MCCIBAOB8HMM 

AYfiHa 

E3-91-413 

POSSIBLE CHOPPER-MONOCHROMATOR 

FOR COLD NEUTRONS 

~ 

1991 



Pokotilovskij 1u.N 
ssible chopper-Mono 

.R,!J,epabiX HCCJie.tl~BaHHit )ly6Ha, 1991 

,.J 

~ 
~: 

~ 
l 
t 

-I 

. I 

'i 

'· 

r-

f 
·' 
1 

.J._ 
I 

·' r ~ : 

. . . 

As is k~own 11 1, slo.;_, neutrons, on traversing a f~rromagnetib, experience small 
angle scattering on magnetic inhomogeneities. They are either diffracted or refracted 
in dependence on how large the phase difference is of the neutron .waves traveling 
sa~e distances in an i.nhomogerieity'and in a homogeneous medium. j< . · . · ' 
.. The refraction index n for the neutron'wave traveling in the magnetic medium is:. . I 
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1 _ n2 ,.; (A. Nb ± pB ), j (1) 
. 7T E . I ' 
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where N. is the atomic density of the medium; b, the mean neutron 'coherent scattering 
length; Jl, the' ~agnetic moment 'of th~ neutron; B, the magnetic induction''value in the 
medium; E and. A, the en~rgy and ~ave length of neutron~ re~pe~ti~ely .. SiiJnS .;.;_ .. and 
''-"stand. fortheparalleland antiparallel orientation ofthe neutron spin with respect 
to the :B direction. . . . . ' • . . . . . . ' ,, ' r . . ·. .· . . 

The. difference in phases of the neutron waves scattered on the inhomoge~eities 
having opposite directions of magnetization is \ 

tf> ~2rr pB [) i (2)_ 
A E ' 

'i "wher~· [)is, the in~omog~~ei~y' si~e along t,he direction .ot'the ·nehro!' propagation. · 
. At tf> << 1, the diffraction dominates, and at tf> >> 1, the refraction does (really already 
at tf>;;;;. 3, the ~eutrcm 'scattering is virtually the result of refractionlj The characteristic 
a'ngle of. diffraCtive. scattering' a~- 2'/J[j. the char~cteristic angle _of :ne~t'ron deflection 
. ·.. .. . .· • • ,, · ... · . .· .. . ... . .. '" ... '. J·. . ... 

on ref!actio~ bv, a'single inte~d~inairi interface A8,·~ ~~:ct~8, here. 8: isthe-~raz!ng angl~ 
• ' '· • • • <, • '"' ' >l •'.- • , ' : • '.._, . • ,. • • c •• '.. • < ~ ' ,. ',' f l • ·-' • . ' 

of the. neutron, wave i~ciden~ o,n ~h~ inte~fac~ (~t ,is assumed;;h~re t~at; 8 > 8 crit := 
= (2pB/E)112

,: ·the critical angle.of~o~~l r,eflectio~)~~ · ... , ,• .J.· · ..... :, 
In typical ferro magnetics: traversed by slow . neutrons it is refraction that plays 

. I 
the main role. in the small angle scattering. If a ferromagnet is. nonmagnetized, it .can be 
assumed that neutron deflections are uncorrelated and the angula~ broadening of the 
beam is. proportional to (r/[))112 , where i is the thickness of. the ~mple, [) the mean 
domain size .. The; e~perill'lental data 13 •

4 
I favour this assumptiort A' simple model 

' ,, .· .. . .. • , ·" , .. .·... ' I · .. ·' ., '· . 
of sharp interdomain boundaries141 led to the expression ,for the ·total width at half 
. maximum of the angular distribution of transmitted neuti';;jls, which looks. as foiiows: 

ro~··r· .,.;s~""·' ....... ···· · .. , ···.···. : . ,_ l, . . .··• ·. (3] 

Th,, ,o,m~.~ •. ~~. r • 2x1ir· • {o, .;,.~ • ;;,;;.,~"' ;;,,;.; " ~ ""~: I·' , '" 5x1 ""' = 
and[)= 5x10-4 ~m;pB = 1.2x10-7 ~V. 
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Investigations by Scharpf et al. 15 1 have sho..:..m that the real situation is not so 
. simple, as the refraction depends on the character and thickness. of interdomain boun-
daries. • · 

In the case of polycrystalline ferromagnetics a question still remains unsolv!Jd · 
about the conditions under which the small angle scattering is determined by the size 
of grains m d~mains. and th~thicKn~~s ~f interdoin~in boundaries~ Thu; the. ex'pres­
sicm (J) givesjust'anapproxi~at·e·e~ti~ateo~the br~adening. ' · · · . · · · ·· c • ·• 

. I~ vaiirius. exp.erime~ts. there has_· b~~~ observed -~ .. ~onsider~bl~. d~cre~se iri th~ 
angular t>r~ad~ning ,<?~,the· trans!f!itt~d .neutroll_,o~~m' distrib~t.i~m u~de_r tile. ~ction 
of an ext~rnal saturating· magnetic field appli~d to the ferromagnetic sample. By exp­
loring this fact and the method of pulsed magnetization and demagnetization of thin 
plates ,from magnetically soft materials (such as armco-iron; etc.) it is possible to rea~ 
lize the pulsed i11te11sitymodulation and monochromatizationof a cold neutron beam. 
This. procedure enjoys special conveniende; if pe~for.:ned on a pulsed ·source of cold 
neutrons. P. ·ct1b-i>p'e·r~ m·on~ctirom'ator based on this prinCiple can be 'a.m1~'9ed as fol­
lows: a fev.; ferromagnetic foils in ;pul~ed rnagnei:s environrn~rit are placed successiv'eiy 
on the cold neutron beam at th~ distance Q. from'the neutr~~ source which satisfies 

I 
the condition: 

Qi = vti' (4) 

where v is the cold neutrons velocity to be monochromatized; t., the time, with respect 
I . ' • 

to the neutron pulse, at which the i-th ferromagnetic foil gets magnetized for. a short 
pe;iodin)heJi~ld ofthe corr~spondi~g p·uisedrriagri~t. In betweenofthe foils.are to . 
be positioned the So'iler n~~tron<collimato~i vi.iith the'srhallest possible a~gllis of calli-·, 
in~tion.-'with thean'gle of ~6i1i1Tlation ., o.:.'3 and the beam 'broadehing ·;;;, tr~nsrnission 
through ~ d~ift~grietized sarrlple 2x1 o-2

, the o~tgoing intensity from~ the .collimator 
will be_.20 times smaller that in. the case of.a magnetiz~d ferromagnetic sample. When 

~ • ' • ' • ' • •• : •" • ' ~ • • •o < ' • • • ' • ,- • e 0 •• 

a set of choppers is used, the degrees of intensity modulation are multiplied. The mono-
chromatiz~tion·: e~tent. dep'~nds 'o~. the rna.gneth~~tion-deimignetiiation ,, rate; the foil 
thickness, All, and the distance between neighbou.rfoils, , · ·. . 

~ ' ' . ' . ~ ~ . ' ,...,.., 

AA· - = 
A 

[ ( AQ )2+' (At .)2 f f2 
. • Q.. ••.. t•', .?::' 

(5) 

where t. =· Qiv;'<~t is the time' interval in which the fE!rromag'netic gets 'magnetized: 
At v.;;, 2x104 crin- 1 (A ~20;\), Q = 5x102 em, All= 2x10- 2 ciTl, At;, 10"' 6 s,--tiA/A~ · 
= 6x1cr:s;·AE',;:2x10:..; 11 ev: · · · · ·· · 

.. • Currentiy~~ in the· experiments ;)vit:'h slow'neutran·s besides the conv~ntional mecha'-. . 

nical method two electromagnetic methods are being explored foLthe pulsed modula-
tion and rrionochromatization of.neutrons. . · ... ~ · , 

. . One. exploits the pulsed remagnetization of a single crystal of 7 Li-ferrite resulting 
in· the -~hange of' the BraQ!J.diffraction .intensity wiih the chimge' of t'ne magrierization 
direction 161.At that there is formed a pulsed beam ofmon~chromatic.th~rm<ll' neutrons 
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with energies satisfying the Bragg diffraction condition. The other method uses a pola­
rizer and an analyzer for slow neutrons in combination with a placed between them 
spin-flipper, either a radiofrequency 17 1 or pulsed 111 1 one·. This chopper, in principle, 
does not impose a limit on the use of long wavelengths. Its resolution depends on the 
length of the neutron spin reverse region (according to ref.~~~-~ it is 0.65 em). 

· The method is suggested as the coinpiemimt to the tvvo· above 'methods in the range 
of vriry cold neutrons. At the. same time this method is potentially capable of providing 
experime-nters with rathe/high n~utron ·m~llochromatiz~tion •. ·· · : .·· ·. ·· ' • · • 

An extra advantage is the simplicity within the method of the variation of the 
energy of the neutrons to be monochromatized. To do this it ·is only necessary to 
choose· other . mo,ments .t; _,for pulsed magnetiza~ion oft,he foil~ i"! _a_cp()~~an.ce with 
eq.(4). On some respects the proposed chopper is. analogous to the earlier constructed 
one for the pulsed modulation of ultracold. neutron' beams 19 1

• However; that ~hop:· 
per 19 1 had employed .the reflection of neutrons, while here we propose the neut;on 
refraction to be exploited. '· · · ·· · · · ·· ·. · · ' · - ·· ,, 
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