
Yu.A.Aiexq,ndrov 

OfiltBAitHBHHWI 
IIHCTI1TYT 
BABPHWI 

11CCIBAOB8HI11 
AYOHa 

E3-82-l2 

ON POLARIZABILITY OF THE NEUTRON 

AND ITS MEAN SQUARE RADIUS 

Submitted to "5141" 

l982 

--~ ·,, 



From ref.111 follows the most exact for the present value 
for the mean square radius. of charge distribution in the neut
ron, i.e., 
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where (aGE/ acf!)q2.. 0 is the slope -of the neutron form factor at 
zero square of the transferred momentum, ·and a ne is the 
amplitude of neutron-electron interaction. In ref. 111 the va-
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lue of a - (-1. 378+0.018) 10 fm corresponding to (__);) 2 • 

ne - aq2 q -o 
= -0.0199+0 .. 0001 fm 2 w.as obtained from the comparison of expe
rimental data on coherent scattering amplitudes bcoh of neut
rons on Bismuth and Lead measured using the neutron gravity 
reffractometer with those on scattering cross sections of neut
rons on the nuclei of the same elements at an energy of 1.26 
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and 5. I eV. Th1s value of (-2~, 2 0 . 1s usually use for the aq q"' 
analysis of experimental data on scattering of high energy 
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The purpose of the present paper is to draw attention to 
the necessity of taking into account the effect of the electri
cal polarizability of the neutron on the value of ane during 
the analysis of experimental data obtained in ref.11/. As it 
will be shown below this effect causes a considerable increase 
of the error in determining the ana value. 

Let us use the formalism conventionally used for the problems 
of scattering of a particle on a sum of short-range and long
range potentials (see, for example, ref. 131 ). The neutron scat
tering amplitude ft may be expressed through the phases of nuc
lear Be. neutron-electron ~f and polarization ~f scattering. 
At low energies, when only the s -scattering is important, one 
has · 
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Within the Born approximation and in the absence of resonan
ces (their effect on the cross sections of Bismuth and Lead 
at energies 1.26 and 5.19 eV is weak and accounted for in 
ref •111 ) we have: 
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where 

a .. .MA.(Tze_ )~ qR(~,+ ..£911-S!!,+siqR) 
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f(s:o) is the atomic form-factor. 

The relationships (3) and (4) contain the unknown values 
of 8 0 , a 08 ,~and a. They can be found by substituting into 
(3) and (4) of experimental values from ref. 111 (at two va
lues of a 8 ). The results are listed in table l. It shows 
~'hot- t-ho ,.to:'Jt-., .f=,-""" ..,..o-F /1/ ..,1 1 ""'"·'~'~ ,...,,..,o .. ,.... ~..:-.rl n l.. ..... .... : +-1-.. 
~---- ---- ------------- ----··- ---- -- ----- ··ne• --- ·-----
a large error. 

ane 

a 

Bismuth 

(-1.5_:!:.0. 7)xl0-3 fm 

02.!_12) xl0-3 fm 3 

Table I 

(-1.4_:!:.0.8)xl0-3 fm 

(6_:!:.6) xiO -a fm 3 

The authors of ref. 151 obtained a value of ane • (-I. 33_:!:. 
,0.03) x!0-3 fm (with the account for the Schwinger scatter
Tng) *. One may try to find a using this value of a06 in the 
analysis of data from ref. 11(rt appears to be the complex 
value, which might indicate to some contradiction between the 
data on bcoh and us (ref ,11/ ) and those on a

08 
(ref. 151 ) • 

* The results of other works on a
08 

contain even larger 
errors, and some of them should be corrected for the effect 
of the polarizability of the neutron. 
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The minimum real value of a :.,9 •10-4 fm
3 
corresponds to the va

lue of &
08

=-1.37·10-3 fm. The value of a increases with in
creasing fa

06
j. Table 2 gives the results of data procession 

(ref. 111 ) under assumgtion that a08 is determined by the Fol
dy interaction (ref. 1 1 ) giving 

e2 -3 
&06 • IJ.n ~,--t.468x 10 fm. 
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Table 2 

1.26 eV 

-3 
ane = -I .468xl0 fm 

Bismuth 

5.19 eV 1.26 eV 

Lead 

5.19 eV 

a (12_:!:.2)xi0-3 frrP (9_:!:.2)xl0-3fm 3 (J2_:!:.2)x10-3fm 3 (13_:!:.2)x1+ fm3 

-- ( ) -s s a·= 11_:!:.1 xlO fm 

Let us note in conclusion that the above information abo
ut a is not in contradiction with the value of a -(9 ±.5 )x Hf'3 fm

3 

obtained in ref./7/ in the analysis of slow neutron scatter
ing on 186w. 

'!_'~~ ~~!:~':'!' :£0: ~.,..,,.._..,Fnl t-n T.J T li'n-rm.on. V r..NilcnlPnlcn. A.R.Pn

pov and G.S.Samosvat for useful discussions. 
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AneKcaHAPOB D.A. E3-82-12 
0 nonRpH3yeMOCTH He~TpOHa H ero CpeAHeKBaApaTH4HOM paAHyCe 

06pa~aeTC~ BHHMaHHe Ha T0 1 4TO npH nony4eHHH BenH4HH~ HaKllOHa 3fleKTpH
~CKOrO $OpM$aKTOpa He~TpOHa M3 AaHH~X no pacceRHH~ MeAneMH~X HeHTpOHOB 
Ha aTOMaX CBHH~a H BHCMyTa Heo6XQAHMOY4HT~BaTb BnHRHHe nonRpH3yeMOCTH 
He~TPOHa. 

Pa6ora a~nonHeHa B na6opaTOPHM HeHTPOHHOH ~H3HKM OH~M. 

npenpMHT 06.eAHHeHHOro HHCTMTyTa RAePH~X HCCneAOBaHMA. AY6Ha 1982 

Alexandrov Yu.A. E3-82-12 
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Attention is paid to the fact tha~ it is necessary to take into 
account the neutron polarizability effect when obtaining the values for 
the slope of the neutron electric form factor from the data on slow neutron 
scattering on Lead and Bismuth atoms. 

The investigation has been performed at the Laboratory of Neutron 
Physi-cs, JINR. 
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