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The neutron-electron scattering amplitude a- is-the funda,;.e-. --... · ·._ . . .· .· . . · - ne · .. . .. 
ntai physical quantity closely ( within recent ideas ) col)nected 

with· the neutron mean square charge radius. 

anevalues were frequently measured. 

. That·· is why the 

Recently·two very precise though essentially different·values. 

( ._:...1:32(:4). io-'3 fm [I] and _:1.59(4) 10-3 fm.[ 2 ] ) we~e ~btai~eC:t .... 
from ·_the. an-alysis of energy dependences of the amplitude .f.~·r. ··B·:L· 

[l, 2 1 and -Pb [ll nuclei. Their precision is only compar-able-· with 
. -3 . . .•. .. . ... 

the value ane == -1.30(3) }0 fm obtained by measuri.ng ang~lar 

scattering anisotropy of thermal neutrons from noble qases [
4 1. 

[1] [21 . .. . 
The results of refs. and differ· by· more than·· 20%· -- _.,__ 

wi thi[' the accuracy of 3% and lead to the values_ with. opposit~ 

__ signs for the neutron mean square charge radius: +0 .. 12(2) -fm and 

-0.11(2) fm, respectively. To explain such discrepancy. we shall 
. . ( 1 2] 

analyze the results of refs. ' . 

In refs. [ 1 •2 1 the (n,~)-amplitude is obtained than,ks· to• m~ch 
stronger dependence on energy E ( in the range from .E=O .. to E=5- :· 

·.10 ev ) of the electron shell atomic for;m-factor F ( \l'arying from 

Z to about zero ) which leads to the variation of the interferen-

ce term ~FaneaN in at 

scattering amplitude ). 

from -260 to -23 mb ( aN is the nuclear 

,· 

In both works [l, 2 ] the same value of the coherent amplitude 

( scattering lengh at. ~0=0 ) measured in [ 1 ] . :acoh(Eo) 
.while at E > leV each team used -their own data on the, total cross 

section at(E) which 
[ 1] . . ' 

are different .. In ref. - . absolute· values_ 

for at have been measured near E = 1-, ·5, 18, 130-eV-with·a~ ·a.c- · 

curacy of about 4 mb. In ref. [ 2 1 ju_st. a relative behaviour -of<. . . . 

the energy dependence of. nat(E) was measured with an accuracy of 

10mb, at 20 points in .the interval from--l-eV to 30 eV (· n- ...: .. th~- ~ 

number. of nuclei in the sample). To obtain -at (E) the ·authors of· . 

·.ref. [ 2 1 have normalized a value to. its value from ref. [ 
1

] at 

eV. This normalization to the value at 5 eV anci the use of· 

acoh(O) value .together .witn the fact that F varies· essentially .:_1·~..__
th energy from. E=O- to E=5 eV only means ·that _the· authors· of•'r'ef.: 

[ 2 1 ~btalned, in fact,· a~e from:·the exp~rlmental data of ~ef :' [ 
1 ~ ~:. 
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ThUS it can be concluded that the a .. ·values from [ 11 and f 2 l · ne . 
are different by 20% just because of different theoretical approa~ 

. .. . [1] (2] 
ches used 1n and 

_ :It is the ai~ of this paper to call-attention to the princi

pa1 error made in ref. [ 2 ] when discribing the difference 

Y~a- (E)/4n: - a 2 ·h(E0 ) • which led- to. the increased value of a in 
- t co . _ . ne 

2 ( 2 ]. Just a single glance at the relationship- ( 1) in ref. r. _1 

for the difference Y (· fitted in ref. [ 2 ] ) ~llows on~ to see the 

_er:ror iri it. Indeed,, if the incoherent scattering cross section 

value. and the_capture cross section value are assumed to bene--' 
- ...J gligible, then the considered difference should tend to zero when 

~!" .. -~-e("lds to _E0 . , because .in such conditions: at = acoh . In cont-

radiction to this according to equation ( 1) in ref. [ 2 1 the di f-

terence 2 
at(E)/4 n:- acoh<Eo> is equal to the sum of resonance 

corrections 

Pz = R
2

{ [ 1: '1~ /(E0 -E. )] 2-2 1: 1: '1~'12 /(E0-E. )(E-E _) + 
i. 1 1 i j J 1 . _J . 1 

2 2 
+ 1: [ 1- /(E-E.) 1 } , 

' 1 1 
1 

2 r =rn/2kR (1) 

R is a channel radius~ which is estimated in ref. f2l to be 
equal to ~29 mb. Thus the energy diff~rential of the interfer.ence . ' .. 
t~rm_a~aneaN ~ F(E~-- F{~0 ) ] being before this correction equal 

to -230 mb between the points E=O eV and 5 ev, is increased by -29 
mb"and, consequently, ane value is increased py 13% because 

~N,[ 'F(E)- F(E0 )) 6(ane)'= 6(p2 )_ 

the 

Below: we shall 
, .. discuss. the resonance correction more 

carefully and on better justifie9 grounds. 

It ~hould be noted that the_ work? discussed here had one 

more aim, , i.e~ to extract the scattering .ampli,t,ude arising due to 

the e'lectric polarizability of the 11eutron in tt:ae Culo_mb field of-. 

the nucleus. I~ our analysis for the sake of simplicity we take it 

equal to the polarizability of the pro.ton in order to estimate 

its contribution to ~t_which is smaller than 

and, thus,. its effect on 
1 mb at. E <: lOO.,_eV 

·.·. 
Terefore, mb ) in the 

contr ibu't i'orl':' 

'In 'ret: ·( 3 1; 'where 

a is small ne . 
analy:':is .~o 

the formulas 

<.in comparison with 260 

follow we :·neglect - this 

used -in f2] 

dertved, · t:ci 'describe· nuclear interact.ion. 

the. toi-m · <: ·si'rigfe ~e~~;;a~c~-.. app~-~~c~ · >: 

ref. were 

S-matr ix was taken 
f ~. ~ .. . . . . . ~' 

in 
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s [1 - ~ ir't(E-EJ. +i r./2) ex~ (2i~ · ·t· l 
- '- n J . , po 

It means:that the nuclear amplitude is 

,.es 
.f "=f + )' f N pot ~ j + 2 ikf pot 

res 

t fj 

(2) 

(3) 

is the amplitude ~f some neutron compo~nd resonance. whe~e f . 
J . . 

The application of the optic theorem to so incorrectlY, cons-
tructed amplitude by summation of the amplitudes of sinqle 

resonances) in order to derive an expression for· at~ as it_ was 

just done in ref. [
2

] ) leads obviously to the loss ~f i~te~ 
-resonance interference terms. 

Generally speaking, in order to tak~ into account the . . 

interference between two processes with amplitudes f 
1 

and f
2 

. , 
one should use the sum amplitude of the form 

f = fi+ f2+ 2ikfl f2 (4) 

which is obt·ained not by taking summation over single ampli~udes; 

but by taking the product of th~ coresponding s
1

- and s
2

-::matr ~ces, _. 

i.e; by taking summation over phases ~l and ~2 in t_he c~se: of, pure 

scattering. The- applicatlbn of th~ optic theore~ to the so 

constructed (4) a~plitude in order to d~rive ~n express1o~ ior at 

leads to the interfer~nce t~rm 8nf;f
2 On the contrary, in ref. [ l] ( where, though the amplitudes 

of "single processes" were summed up, but the optical theorem was· 

not used ) , at is presented as 

section and· the incoherent one: 
the sum of 

4rra2 + coh 
'taking into account the resonance contributi_on 

as· the addition . to ttie sum ·of the nuclear 

amplitudes and; consequently, the expression 

inter~resonance interference ter~s. 

the coherent cross 

ain , with acoh(E) 
Y. r . /k ( E_;..E . ) 1 
j n 1 · · · J ' 

potential and n-e 
2 . 

for acoh contains 

To estimate 1ri a more consequent ma_nner ( than it, was d_one by:. 

us before; i.e when we ?omit ted the. p2· term ) the error in the a 
. · ne 

value determination due_ 

[ 2 •5 1 let us a·dd to the 
to omitting interfereri~e terms in •. refs. 

> • l. ••• •. • 

amplitude :rN (2) th~ terms 

res· T"es 

2ik L f 1 L j 

-. necessary for the application of the optical theorem, 

in (4). Then· in the expression for ;at:/4rr = ImfN /k 

resonance interference term app_ears: ··. 

3. 

1 ike those-
;-

the ·inter-



2 ~ 2 - 2 
d =· R ~ ~- r j - r i 

l.-, J 
/(E;_E jf ( E_:.:E ;)- . i;tj ---

(-5) 
·; 

· ( .here- and further the values of _d and P
2 

are estimated under 
.assumption· that liE >> t' = T +r )·. -._ . - .: ' r n 

~ow in ~he.expression at/4rr 

resonance correction term p2 

2 - a coh 
must be 

fitted in ref. r2 1 ) 

added with the d term. 
causes convolution of P2 +d into the simple expression: 

-~2 [~m(E ; -Rm(E)]2 = P +d • (6) 

where RmOb= ~ ... ~ /(E-E _) is the backqround R-matr ix which takes ~·]. l -

into account .the contribution from far 
resonances. 

from point E 
~~ . ,_.,, 

-~-n~merical. estimate of P2 +d for a nucleus with the atomic 

number about that of Pb gives a value 30-50 times smaller than

P2 =;_29 mb used i~ ref. [ 2 ] By taking into account this fact 

(by using P2 +d instead o'f P 2 in relationship (1) from ref. f 2 l) 

we o~~ain with·acoh(E~) and at at 5 eV from ref. [l] the corrected 
. . ·'- . '' . -3 
f?r·r.esonance-interference value of ane =-1.36(6) 10 · fm . 

. _ -- Thus, the account for resonance inter'fererice made here. leads 

to the value of a that does not contradict with its value from 

~ef~_[l] ~nd"J 4 l_ne In other words, from the viewpoint of the 
. -3 ( 

present work the values for a =-1.59(4) 10 fm and neutron 
- . . . ne -3 . [21 

mean squa~e charge rad1us -0.11(2) 10 fm reported 1n ref. · 
--~ ·- ~ ' . . 
ar·e. erroneous. 
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H~KcineHKoB.r: .• n~nos A.6. 

_ 0 sen~~~Hax aMnn~TYAbl pacceAH~A HeihpoHa Ha 3neK 

111 cpeAHeKBaAparwliioro paJi~yca Hei:hpoHa, nony'leHHb 

~~ Hl43K03HepreT~'IeCKOH 3aB~C~MOCT~ aMnn~TYAbl pa• 

AaneK'o BbiXOAA~ee 3a owi16K~ asropos J)acx 

HlltAMIII aMnfliiiTYA ne·pacceAH~A ~ Mei>t<,qy 3Ha'leHIItA~ 

HeHTpoHa, nony'leHHbiM!1 ABYMArpynnaMIIt/ 1•21 _llt3 

HelirpoHOB Ha P ti 11- Bi, o6bACHAeTCA norebel1 Me>Kpe: 
. . . /2 '. ' 

UIIIOHHbiX 'lfleHOB npllt nplltMeHeH~IIt B ' OnTH'IeCKOH 

CKOHCTpylltpOBaHHOH KaK CyMMa allilnn~TYA OTAenbHbiX 

Pa6ora BblnOJ!HeHa B na6opaiopllt~ HeHTpoHHOH cl)l 

Coo6rii~He 06-be,l:U-IHeHHOrO HHCTHTyT8 R.z:tepHbiX HCC 
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On Different Values of the Neutron~Eiectron Scattering 

· ancl Neutron Mean Square Charge Radius Obtained frorr 

.- Low-En~rgy"Dependence ~f the Scattering Amplitude 
' . . ,- ' I I 

·:,. Discrepancy far outside· experimental errors betv 

by two. t~ams 1 1•2/ for neutron-electron scattering am1= 

square ~harge radius from describing the coherent ar 

sections at of Bi, calculated within different approach' 

by the fact of omitting the terms ~esporisible fo~ interl 

c~s ~hen in 12•31 the optical theorem is applied to thl 

resonance amplitude incorre~tly taken as the sum of 
compound levels: . . . . 

'Tie investigatio~ has been performed at the Labc 

sics, JINR. 
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