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1. 

A lot of data havebeen accumulated in the last _;years about 

positions, spins, pa .rities and 1vidths of highly excited nuclear 

states appearing as resonances in neutron cross sections. To deepeD 
·.' 

our understanding of the nature of these states,it is of importan-

ce to know also their electromagnetic moments. These ~ be 

determined through the small but still in some oases detectable 

shift of the resonances due to the superfine interaction of the 

compound nucleus with the electron shell. 

Let us put down some formulas for the simplest case of a 

magnetized ferromagnet with zero nuclear spin having a resonance 

at neutron energy Eo .with negligible : I>'oppler broade.l\tng. With 

account for the magnetic superfine interaction the total neutron 

cross 

with 

section ma;y be written as 

G= <O'o 
z. 

1. -t- ex .... ox.) 

X= .tiE-&) 
r 

iJIH 
CXo =% r 

(1) .. 

(2) 

Here ;U is the magnetic dipole moment of the compound nucleus, 

H i s the effective ma~etic fie1d.aot1ng on the nucleus in 

the ferr~gnet, B is the kinetic energr of the neutron outside of 

the magnetic field. T}le two signs + and - r efer correspondingly 

to parallel and antiparallel orientations of the neutr on spin and 

the f ield H. Due to the shift ~X tb,~ neutron transmission of a 
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~e for polariZed neutrons will depend on the neutron spin 

orientation. For a sample of thickness n nuclei per cm2
, the 

rtlatiTt clUterenoe of the tran8Jii~sions for parallel aD4 anti

parallel orientations will be equal to 

t)T _ 1.( n.reo I' fx: 
=F - (t..,.xz.)z. 

(3) 

. & ~ 
~· ooDtiDg tille tor giTen statistical aoourao7 1n oX reaches 

2. 

ita a1Jl1aua at X= -r i 1 t'l.b'o • '-1 • B7 making measurements · sim.ul

taneoualJ at both sides of the resonance ( at X cl and X • -1) 

u4 tak1Dg the difference, the aeasured effect is doubled and, for 

opt~ aaaple th1ckness,becoaes 

~ '~j = .1.6 ~ (4) \..1" ~x r 
For aoae ot the rare eart~~ the effect1Te field B amounts up to 

aearlT 107 Oat ; subatitutiJlS 1D (4) this figure and the taluea 

.:r 2 JWCU.iar aapetona for r ad. 0.1 . • v for ,- one obtains a 

'Y&lue of if for the e:tteot to be aeasured x~ · 
I 

O:t oobrae,th~ reaoDAD.oe shift due to aagnet1c interaction will 

G.lat &lao tot' nuclei With non sero spin with the difference that 1D 
I • , 

x)lote that 1D total cross section aeaaur .. enta with polarized 
aeutrona the interference between auolear rea~oe aoattertng and 
.acaetio aoatt•~1D& Will also contribute to the asYM*etr.y of the 
~-~~~e i!ie. ~o exclude this ettect,one has to measure the 
oaptve oroea aeot1on 1Aatta4 of the total OD.e or oarr7 out the 
ttaaaaiaa1oa ,aeaaueaeata in a poor geoaetl't so that the small angle 
-et:l.o aoatter!D& ..W. not relax th• beaa. 
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J. 

this case the effect will depend not only on the magnetic 
moment of the compoun.d nucl eus b.ut al so on the magnetic moment of 
the target nucleus. 

The superfine interaction m£,y be deteo ted also in measurements 

w~th non polarized neut rons, but in t hi s case a polarized nuclear 

target is necessary: the transiai ss i ons of t he sample at lx.{""'i 

are to be compared for zero and nou zero nuclear polarization. The 

order of magnitude of t he ef .i eot expec te -::1 i s the same as for 

polarized neutrons. This method i s ap~licable also for measure

ments at the electric quadrupole i nteract iou and for this purpose 

alig ned nuclei can be used . 

Interesting phenomena will occur in coherent elastic 

s vattering of neutrons in antifer r omagnetic crystals. The mentioned . 
above shift of the resonance du.e to the superfihe interaction 

of the compound nucleus ( and of the target nucleus if it has a 

nonzero spin) and also the polariza tion of the target nuclei lead 

to occurrence of a scattering a~plitude component whioh changes its 

sign when the orientation of the spin of the electron· shell 
\ of the atom is reversed . This component, unlike to the independent 

on H main nuclear scatt ering e.mplitu.de, will cont ribute to the 

pure magnetic reflections existing i:n antlferr ornagnetic cry~tals; 

it will interference with rnaenetic s c.!:l. t tcr in.g by the electrons. 

Because o:f that, some resonanc-e f!. truchr;.~ e will be seen in the 

energy dependence of a pure ~~gnet ic reflection intensity measured at 

a :tix6d value of ~11 tl /A . The de tection of thi s resonance 

str ucture allows the determination of both the spin and the magnetic 

moment of t he corresponding oompound nucleus state. "As b-oth 
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interfering amplitudes - the nucl ear magnetic an;i the electron 

magnetic, the first one bei ng much small er t han the second, -

are proportional to the magnet i c fi el d , the r elative magnitude 

of the interference te rm is indcl,)endent of t he field. This is a 

substantial advantage. I n thi u .;a se t he magni tude of the measured 

effect is also not larger than s everal per cent. 

A more detailed consideration of all mentioned problems will 

be given in a separate paper . 

£...2!!£lusion • The super f i ne int eraction gives rise to effects 

in the counting rate for good r co ol ut ion neutron spectrometry 

measurements amounting in favou r abl e cases up to 1 per cent 

(magnetic interaction) .and up to 0.1 per cent ( electric inter 

action ). 

Detection of these effects will enable one to determine 

the magnetic dipole and the electric quadrupole moments of low 

fying resonances of a number of nuclei. One can hope that the 

widely discussed new intense pulsed neutron souroes for neutron 

spectrometry will give adequate possibilities for such experi

ments. 


