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Theproblemofthedetem血ationoftheneutron-electronscattedngleng山andibllowingfromit thequestionaboutthe
signofthemeansquaremtrinsicchargeradiusoftheneutronisasumectofactivesmdiesanddiscussionslastyears､A
newexperimentalapproachandanewmodel-independentmethodoftheevaluationoftheneutron-electronscaliering
lengthiromthedataobtainedmneutrontransmissionandneutroninterferometryeXpenmentsareproposed.

KEYWORDS: FundomentoIPropertiesoftheNeutron,Neutronlnterferometry

1.Themeansquareelectricalradiusoftheneutronand

itspolarizability

OneoffimdamentalproblemsofnuclearplWsicsisthe
elecmcalstructureoftheneutron. Thechamcteristicof

suchastructureisanelecmcalchargedistributioninsideit

-themeansquareelectricalradiusoftheneutronandits

polarizabilityl i､e.,theinducedelecmcaldipolemoment

thatappearsintheextemalfield.

Theproblemofdetenninationoftheneutron-electron

scattennglengthα"eandfbllowingfromitthequestion

aboutthesignofthemeansquareinmnsicchargeradiusof

<":>"hasbeenasubiec,｡fac,iveSmdiCsan｡theneutron

discussions fbr someyears'.5). This value is a

characteristicoftheelectricalchargedistributioninsidethe
neutrOn:

measuredinneutrontransmssionexperimentsandoi｡I(0).

Wluesoftheamplimdeoftheneutron-electroninteracUon

amplimde α"e obtained in experiments onneutron
tranSmSSiOn4, '9,5)

=-(1.309±0.024)10-3fmα〃e

=-(1.309±0.024)10~3fm (3)α〃e
今

=-(1.577±0.034)10~Jfmα〃e

resultinfataluncenainWintlledeterminationevenofthe

signofthemeansquareelectricChargeradiusofthe
neutron.

Atpresentitiscommonlyaccepted,thatthisdiHerenceis

connectedwithmethodsofthedatatreatment,becauseboth

groupshaveusedpracticallythesamesetofexperimental

data''3). Itshouldbenoted, thatexperimentsonneutron
dimactiononamonoclystalof'86W6)haveresultedinq"e=
‐(1.60±0.05).10~3fm,sothat山ediHerenceofvaluesof
α"eissignificant. Therefbre,anewmethodofevaluationof

experimentaldataisrequired,whichisdiscussedinthe

nextchapter.

Atpresentexperimentsaimingatanincreaseofthe

accuracyofthedetenninationoftheneutron-electron

scatteringamplimdeα"gandthepolarizabilibﾉahofthe

neutronareinprogressinbothBerlinandPrague7). The
valuesofα"gand", canbeobtainedfromenergy

dependenceofthe coherent scatteringcrosssection

oco/7(E)overaratherwideenergyrangeE=0-200keV.

Thiscrosssectioncanbedefinedasthepotentialpartofthe

total neutron cross section oror(E), which canbe

experimentalymeasured. However, todothisoior(E)

shouldbecorrectedfbrincoherentscattering, absolbtion
andresonanceconmbutionsibrall isotopes,containedin

theSample.

Atthermalenergiesthetotalcrosssectionisalsostrongly
influencedbysolidstate eHects (connectedwiththe

aggregatestateofthesample),whichcanbeevaluatedonly
withalimitedpreCision8).Thesecorrectionsaresmalland
definedwithreasonableaccuracy intheelectron-volt

region, butarevelylargeanduncertainfbrvelylow

<":)” p(r)･72･d37"／ β('･)．α3'． （1）

Itcanbedeterminedbytheneutron-electroninteraction

amplimdeα"eandtheFoldyparameterqF2.．

<f>"-*t"｡-｡F) "'2<端>"=Me2(α"｡-αF） ’2）

〈":>"onehasThuS,fbranexperimentaldeterminationof

tomeasureα"eandcompareitsvaluewiththeFoldy

parameter.

Inspiteoftherelativeweaknessofneutron-electron

interactionproducingonlysmalleHectswhencomparedtoヴ

thoseduetostrongnuclearinteraction,theycanbedetected

because of the intelferencebetweenneutronwaves,

scatteredatanucleusandatatomelectrons, thatallowsan

experimentaldetermnationofthemeansquareelectrical

radiusoftheneutron anditspolarizability. Certainly＝,

theseemectsaremostpronouncedintheneutron,wherethe

parametersinquestioncanbeobtainedfromtheenergy

dependenceofthetotalneutroncrosssectiona.『(E)
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energies (E～0). Therefbre, it is proposedtoobtain

oco/i(0)fromtheneutronscatteringlength6coIImeasured
今

bythennalneutrons(E～10｡eV).

BecauseoftheZ-dependenceofα"e(Z- thenuclear

charge), thesemeasurementshavetobecamedouton

atomsoflleavyelements. The leadisotope208Pb is
particularlyinteresting,becauseitsnucleushasonlytwo

resonancelevels9)thatsignificantlycontributetothetotal
neutroncrosssection. ForthesereasonsweaimtocarrV

ヴ

outtheprecisemeasurementstoanaccuracyofaboutlO-4
boUlofoior(E)(bythemethodofresonancedetectors'0))

円、

andofbcoﾉ,(bytheneutroninterferometIymethod'ﾉ)ona

highlyenriched208Pbsample. Alltheseexperimentswill
becamedoutwiththesamesample:suchanapproachwill

allowustoeliminateuncertainatiesresultingfrompossible

contamnationsinthesample.

Qc(")=-Re/(k)
（7）

=*z-:('-:z｡)
Here6isthetotalphaseofallscatteringprocesses:

6=4+a"+ap｡!

=kR!e(〃)+""Z[バル)－力(")]+"p｡, ･g(")
（8）

whereR'isthenuclearpotentialradius,FU)-theangular

averagedatomicfbnnfactor9),qp｡i-theneutron'selecmc
polarizationlength;(RN=1.2027A'/3-heavynucleicharge
radius)

(AR'？ （駅')4
＋－

6 120
e(AF)=1- 十

(ARNf 2(ARN1
ー＋－2. The determination of α"e from neutron

interferometryandtransmissionexperimentS･

Theproblemof theanalysisofexperimental data,

obtainedinneutrontransmissionexperimentsandaimedat
thedetermimtionof theneutron-electron interaction

amplitudeα"e,hasbeenwidelydiscussedduringrecent

yearS・'' ''' '2) Atpresentitiscommonlyacceptedthatthe
basiccauseofcontentionbetweenthetwogroups(seeEq.

(3)) istheprocedureusedtoaccountfbrtheresonance

scatteringcontribution.

Theexperimentsinquestionareusuallycamedoutwith

isotopicallyenrichedsamplesofheavyelements,suchasPb
orBi. Themeasuredvalue isthetotalneutroncross

sectionqoI(E)(E-theneutronenergy),wherebyonecan

obtainthecoherentscatteringcrosssectionotmaking

correctionstoabsorption, incoherent,spin-orbitandsolid-
statesemects:

d,(t)=oibr(")-ob-oi"c-o迩一ds｡J (4)

Using

・万(k)==Im｡(k) (5)
え

onecanobtainthereal partofthecoherent scattering

lengthoc("):

h(k)=1- ＋

5 135

"(kRN) (MN> 4(kR"ア
g(h)=1- 3 3 133 十・ ・ ・

十

aretheeHectiverangecorrectionandaveragednuclear

fbnnfactors, respectively. ThesummationinZ, andZ2

areperfbnnedoverallknownresonanceswithenergya

(AB=E-Ej)andmomentuml9:

21=Z上gir風△E' z2-zf,g",､ (9)
（"．割 崎"､*こ（ ‘）

j ﾙﾉ

Substituting(8) to(7)andseparatingE- independent
tenns,onecanobtainEq.(10): (seebe/ow)

ThefirsttwotennsinthisexpressionareE-independent
andtheirsumisinfactthecoherentscatteringlengthqc(0).･

=z|1"I"e(0)",.!g(0)1=｡｡(0) ('')｛ l （''）

NoWsubstituting (11) to (10)wecome to the final

expression (Eq.(12), seebe/ow)wherebyOnecan

evaluateα"e・ Thetraditionalwayofthedataprocessingis

toextracttheconmbutionoftheisotopewiththehighest

abundance,i.e.,toinseltisotopiccorrectionsinto(12): to
dothisoneneedstousetabledataonR'3ndresonance

parametersfbrall isotopesofthesample. Theresultsof

ourcalculationsmadefbrtheneutronscatteringlength
valuebc=9.488fmandthe1'aluesofo7｡r fbrE=1.26eV

Ｉ
Ｊ
Ｖ

α(") ob･"

4〃 4汀

(6）oc(")=

Ontheotllerhand, thecoherentscatteringlengthqc(k) is

connectedwiththereal partofthecoherent scattering

amplitude: takenfromRefllarepresentedinThble 1

･(k)=#z,*I尺｡(k)+Q臓冒Z[F(k)-/'(h)]+q,｡,週(k)}('-:22)=

二夫z,+IRe(0)+｡,｡Ig(0)1+{R(e(")-e(0))÷・卿囑Z[F(k)-ﾙ(kﾙﾄ･,.,(3(k)-9(0))}(!-;22)
(10）

棚二小非{恥)-州帆恥-MIwk)-gio')}('-#Z2) (12）
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Inordertogettheboundscatteringlength,onehasto

multiplybothpartsof(Eq. 15)by4j+1
A

ノ

Nowletusconsider thesample, thathasanisotopic
abundancecj:

J

ZGノ=l （16）

ノ

Table1.ResultsofcalculationofqneaccordingtoEq.(12) fbr

difIErentsetsofR' fbrenrichedsampleof208Pb

207Pb

2.06％

208pb
Q11e,mm

97.3％

204Pb 206Pb

Ref <0"% 064jb

9.6(2)

9．46

9.7(1)

9．3

9.83(6)

9．8

ｌ

Ｑ
／

０
－
３

３
）

４

１

１

9.75（3）

9．5

叫
一
咽

16 9．55 9．52 9.5 9.78 1.383
Makingthesu皿nationoverbothpartsofEq.(14)withthe

weights9,weobtain: (Eq.(17), seebe/ow)
9.76 9.52 9.86 1.34017 9．4

17 9.3 93483 9.429 9.476 1.416

Finally)uSing

z4:+1

坪(0)＝一筈
・4ノ

Onecanseeasignificantinstabilityinsuchamethod: the

useofdiHerentsetsofR'propoSedbydiHerentauthors,

resultsinsignifIcantdiHerenceinα"e・

Wehavedevelopedanewmodel-independentmethod'8)
oftheexpenmentaldataprocessing. Theideaistoavoid

theuseoftheprocedurediscussedabovethataimstoobtain

aresultfbr//7es"7g/e/sorOpe,buttocanyoutCalculations
fbr/ﾙ2sα"”/e"qw/To/e;thedetailsofthismethodare

presentedbelow.

Again,weusetherelationsdiscussedabove(Eqs. (4-

12)),butnowtheyarereferredtothe/-thisotopeofthe

sampleunderthestudy.Thus,onecanwrite:Eq.

".(k)--Re'(k)-*z{-:('-:z) ''3)

(18）α：(O)

wecome to the expressionfbr theneutron-electron

interactionamplitude: (Eq. (19),seebe/ow)

Letusconsider thisfbrmula． Thefirst tenninthe

numeratoristhecoherentscatteringlengthofthesample

andcanbeexpressedasEq. (20)(seebe/ow)

The second tenn inthenumerator is theneutron

scatteringlength6cohq/"7esaﾉ"p/e, thatitismeasuredby

theneutroninteIferometlyexperiment, i.e., it/ms"orbee"

cor花aedfbrtheisotopecompositionvalue.
Thethirdtenninthenumeratorcanbecalculatedandits

conmbutiontotheα"e israthersmall,inorderoflO~5-10~6
inourcase,withtheexceptionofthepointE=1970eM

whereitisofaboutlO~4.Thus,thisapproachallowsusto
extractthevalueofq"efromthesetofexperimentalvalues

principallyw"ﾙo"ranyisotopiccorrections (itshouldbe

notedhoweverthattheisotopiccompositionofthesample

isconsideredtoqoI("),Eq. (20))． Calculationscamedout

byEq.(19)fbrthesameinputdatasetashavebeenuSedfbr

calculationsbyEq.(12)resultinα"e=1.413･10~3fmandis
independentonthechoiceofsetsofR'.

,ntl,esesu,nsZ(andZiparameiers｡fa,,res｡nancear｡
relatedtothe/-thisotope.

Followingtheaboveprocedure,onecanobtain: (Eq.

(14), seebe/ow)

whereα』(O)isthecoherentscattennglengthofthej-th
isotope:

":(0)-#z!*IRjf(0)","刈 (15）

{R)(e(k)-e(0))+qwz[F(k)-"(k)]半｡操,(g(k)-9(0))}('-W)α:(た)＝“(0)＋ (14）

Z'4j｣+'
， 4
J ノ

'4=+1

材, ‘,"訓"､q".Z･[阿卿-伽"ﾘz,』篝Lu-;z"ノ

厘,劉Z'{{Rj(.")-@(0')≠","(g("'-g(0')}(!-W'} ""

マ
フ
皇
ノ
ー
，
一
‐
Ｊ

＋

〕たＪ
ｃａＪ

Ｃ

惇,箸'‘:"-区､域0)-Zノ ノ {{Rj{.､''k)-州(!-"1 1
44j+l

Cj－万 二

(19）
α ＝

′'ぜ

¥‘,芋(!劉Z･[戸(k)－ル(k)]

I
a｡,(た)一興一α"c－ぴ唾一α｡， α, ・た

4汀
α:｡'"'ﾉ．(た)＝ (20）

4汀
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3． Theaccuracyofthedetenninationofα"efrom

experimentaldata.

Nowweha,'etomakeanimponantrcmark,conceming

theaccuracyofthedetenninationofα"e・ ReSultSof

calculationscamedoutbytheproposedmethodarestable

(practically independent) under variations ofnuclear

parameters(R',Z,andZ2). Atthesametimetheaccuracy
ofq"e ismainlydefinedbytheaccuracyofexperimental

values-oi｡I(")andbcoh. ThisfactiSillustratedbyFi9. 1．

wherethedependenceofqneontheaccuracyofbc｡h is

preSented. Onecansee, thatalreadyastandarddeviation

from6c｡A=9.494(29)ofthe208Pbennchedsample(thebest
向、

accuracyobtaineduptothepresent'ﾉresultsinsuchlarge

deviationofQ"e、 that it coversthe range fromα"e==
今 句

1.09x10~Jfmtoα"e=-1.88×10~Jfin. Consideringthis,

theratherllighaccuracyonα"ereportedin'')of5%based
on6coAof9.50(6)fmseemsstrangeindeed.

~、

Theerrorintheresultofexperiment'ﾉismainlvconnected

totheuncertaintyoftheenectivewa,'elength/lusedfbrthe

calculationsof"c. Therefbre,atthenexlexperimentwe

aregoingtouseanadvancedmethodallowingus to

monitor the neutron wavelength dunng the
intelferometricalmeasurementwiththeaimtoachievean

accuracyofabout0.01%.

Ourunderstandingisthattheerrorbarofthevalueofα"e

thathasbeenobtainedfromthepresentlyavailabletotal

neutroncrosssectionsandneutronscatteringlengthvalues

shouldbesigmficantlyincreased. Thisfactmaygosome

wayto lessen theconnictbetween the two reported

evaluationsofα"e;aconnictthatshouldberesolvedbythe

highaccuracymeasurementscurrentlyunderway.
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Fig. 1.Dependenceofanevs・6coh.△isthestandarddeviationof
thepresentdaydata.
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