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Recently11•21 it has been stated that the precise measure
ments with eV neutrons of bismuth total cross sections might 
improve the then existing estimate for the elettrical polari
zability of the neutron а0 and give additional information on 
root me.an square char~e radius of the neutron < ri; > ~. Nowadays 
such measurements have been done at the pulsed reactor IBR-30 
(JINR) and at Garching Laboratory (FRG) . 

1 • МEASUREМENTS AND RESULTS 

The measurements were performed Ьу the time-of-flight method 
at an IBR-30 reactor flight path 60 т long. А beam of neutrons 
with energies from 1 to 90 eV was transmitted through both 
а molten bismuth sample and а solid one 18 mm thick. The back
ground level, measured with the plates from Rh, Ag, and W (re
sonances at 1.26, 5.19, 18.83. eV) placed in the beam, amounted 
to 0.3-0.4% at 1-6 eV and did not exceed 1.5% at 20 eV. Dead 
time corrections were found Ьу transmitting the neutron beam 
through lead plates of various thicknesses. They did not exceed 
1.5%. 

The energy dependence of the total neutron cross section 
of bismuth obtained in the reported measurements is given in 
the figure. The same figure gives atot obtained in Garching~- 5 : 
We used the latter to derive the absolute cross section values 
of the energy dependence obtained in our experiment. As is 
seen from the figure there is some discrepancy between our 
data and theirs 13• 51 near 1 eV, but further one may notice 
that this discrepancy does not affect the results within errors. 

2. DATA PROCESSING 

In order to obtain information about а 0 and neutron-elect
ron scattering length ane , connected with < ri~ >N, the exrerimen
tal data were processed Ьу the method proposed in refs. 1 •21* 

* The corresponding data processing, carried out 
seems to Ье not correct enough. In particular, the 
scattering and the imaginary part of the amplitude 
totally accounted for in ref. 1.3, 51. 
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Curves 1 and 2 ar e calculatвd using f ormu la (1 ) f or 
the tuю groups . о f parameters: 1. a-ne = - 1. 6 ·1 О - 3 f m; 
а 11 = -43 5 ·1 О -,.Ъ 3; 2. -а 11 е= - 1. 6 · 10 -3fm; а 11 = ?· 10 - 3 fm 3• 

First the value of atot was corrected for the Schwinger scat
tering and for solid state corrections. They did not exceed 
0.8%. The data were processed using the expression obtained in 
refs / 1.21: 

а tлt (Е,) :2 9 2 2 2 
У = -""""--- а =a-(Z -2ZF)-2a-a fZ-F) -f -2at'F- -11k'Ra f + 

4 17 co l1 -c·oli 3 coh 

(1) 
2 1 

+ (1 1 -1'1acoь-a(Z-F)- -fk'Rf]+ -\(1 1)- ~ 1 11' + т1 2 +аа(Е ' )А77, 

where 
А " 77 . . 3 соь = -ЬсоьА + l • a=-ane•f = ~!.!.ll -(~)~ F = ~ ьf(s~n &)sin OdtJ , 

wl1ere f(~ne) is the atomic form-factor, м is the mass of the 
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neutron, R is the radius of the nucleus, Е and Е' are the 
neutron energies a.t which Ь coh and а tot were measured, 
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is the absorption c ross section, ~Ei =E-Ei , Гi = Гni + Гуi , E i , 
Г11 i ,Г уi is the energy, neutroп and у -widths of the i -th re
sonance. The numerica l value for bcoJ1 = 8.5307 (20) fm was taken 
from ref .151. 

In the energy range Е «Е i and f\ «~Е i for t he terms con
taining resonances one may use t he following expansion into 
Е'/ Е serie-s: 
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Introducing into eq. (2 ) the numerical values for аа 
one obtains 

'(; 1 
and <l'y> 

-4 - 12... 
P 1 ~ 1 1 -l' =0.6 x 10 x lO l!;, cm (2 ') 

Let us rnake estirnates for the first two terms in the expression 
(3) *: 

9 
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-0.0030 b/sr ov er mos t 3trong re
sonances at Е -> О, 

< ~ --+2:n.i>) ?.--~----- l _1__ -::. 
<D> (2 . 2 х10 9 ) 2 (2i - 1)2 

= 0.0011 b/ s r unde r approximation 

E 1-=<.D>(i ·- ..l.), where <D .> is the 
2 

mean level spacing. 

The cstimates show that the contribution of р 2 into У is I0-157. 
but а lack of information on r esonance levels with negative 
energies does not allow one to find its exact value. Therefore, 
this contribution was varied to ge t the best fit of experimen
tal data and appeared to Ье equal to -0 .0023 b/sr. 

Though we have information on atot up to the neutron energy 
of ab out 130 eV , only points up to 30 eV were processes, The 
rnatter is t hat as fo1l::1ws f r om (1) t he terrn containing an 

(the fif th tenn i n ( 1)) is proportional to у' Е , whi le the reso-

* The terrns following them and depending on Е in the region 
up t o 30 eV may Ье neglected. 
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nance term р -Е . · In the energy range up to 30 eV they are 
comparaЬle, Ъut above 100 eV the contribution of Р 1 is about 
an order of magnitude greater than that of an . Тherefore, in 
the energy range near 100 eV one may expect errors not only 
due to some uncertainties in resonance parameters, but also 
due to the method of accounting for resonance levels, since (1) 
is correct only far from any resonance level. However, а good 
agreement of the calculated curve (with parameters determined 
from the Е < 30 eV region) with experimental data obtained at 
energies up to 130 eV (see the figure) prooves these errors to 
Ье not very large. 

Experimental data have been processed Ьу the least square 
method. In order to find the effect on the parameters under in
vestigation of the discrepancy between our experimental data 
and those in refs. 13• 51 atE- 1-1.5 eV(see the figure), these 
two groups of data were processed separately. Тhе results are 
summarized in the ТаЬlе. 

ane 

а* 
n 

Data from refs / 3-5/ 

-з 
( -1 • 57 +О. 1 О) · 1 О fm · 

(10.!,10)·10- 3fm 3 

Tab le 

Our data 

(-1.55+0.11) ·10-3fm 

(-5+3) · 10-3 fm 3 

There was observed practically no difference for ane due to 
а peculiarity in the energy dependence of F which decreases fast 
with increasing energy. Already at Е - 1 eV the contribution of 
the 2aacoh (Z-F) term approaches its maximum, and at Е :> 5 eV 
it is practically constant determining the value of a ne· As for 
polarizability, its contribution into У at Е - 1 eV is compa
ratively small, so that the difference seen in the ТаЬlе is 
rather due to the difference in energy dependence of the pro
cessed points at Е > 3 eV than dце to the discrepancy near 1 eV. 

The obtained data are in agreement with the results of the 
neutron diffraction measurements l7/ carried out with the tung
sten single crystal (ane = (-1.60~0.05)) 10-3fm). Ву using this 
result in data processing one obtains 

а * 
n 

-3 
(1.5 ± 3.3 ) ·10 fm3 

at .. . 90% confidence level . 

* At R=- 8 .01 fm. 
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3. DISCUSSION 

The important result of this work is the determination of ane 
which confirmed that, measured ь·у us with other methods 11 1. Ву 
averaging the reported result and that from ref.n ; we have 

-3 
ane =(-1.59±0.04)х 10 fm (5) 

which is in contradiction with the data obtained at Argonne~ 1 

and Garching 13·51 Labs.* (ane = (-1.31+0.03) · 1o-3fm). 
Knowing this value one may find the- mean square charge 

radius of the neutron (eq., e.g., ~1 ): 

2 31i 2 
< r . >N= -2 (а -aF ), 
ш Ме ne (б) 

е 2 -3 ** where aF'"'/ln :m,rc2= -1.468х10 fm- Foldy term . Ву substituting 
numerical values one has 

2 112 < r. >N = (-0.11 ± 0.02 )fm. 
ш 

(7) 

This result is most near to -0.35 fm 110·111 calculated in the 
frame of the Cloudy Bag Model (СВМ) consisting of the three 
quarks confined inside some volume and interacting with the pion 
field on the bag~s surface. The results of earlier experi
ments 13·5·81 ( .< r fn >~2 = (+О. 1 2.!,0.02) fm) are not consistent, even 
in sign, with those obtained within СВМ. 3 

Though the estimate made here а? < 5 · 1о-3 fm does not practi
cally differ from an earlier one~ 2 . it is more reliaЬle. The 
latter was obtained from the analysis of angular distributions 
of scattering of neutrons with energies up to 150 keV from the 
natural mixture of lead isotopes. Nowadays it is known Al/ that 
the isotopes 204рь and 207рь have strong resonance levels with 
negative energies which affect the behaviour of cross sections 
in the energy range investigated. An attempt to take into ac
count the resonance levels was undertaken in ref • 121. It changed 
the estimate as compared with that reported in ref.~ 21 to Ье 
а n = (6+3) · 1 О -з fm 3, One should also have in mind that the es
timate from ref. 121 also seems to have uncertainties due to 
а lack of information on resonance levels of РЬ isotopes. 

*As for systematical uncertainties possiЬly occuring in 
those experiments, see the footnotes on page 1 (present paper) 
and on page 1101 (ref./2 / ). 

** It appears incorrect to omi t this term (as, for example, 
done in ref.1111 ) in compar i ng experimental and theqretical 
resul t s . 
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In conclusion, let us note that there are analogous to bis
muth precise data on bcoh and utot of РЬ in r ecen t r eferences. 
However, their use is hindered Ьу impossibility of а corr ec t 
account for resonances, especially in ·the negative ener gy r ange. 
Therefore, the measurement of bco l1 апd а tot of t he even-even 
20Врь isotope i s very much desirab le. 

The authors ar e grat efu l to G. G.Bunatian and V.G.Nikolenko 
for useful discussions. 
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Александров Ю.А. и др. 

Среднеквадратичный радиус нейтрона 

и его электрическая nоляризуемость из данных 

о взаимодействии медленных нейтронов с ви·смутом 

Е3-85-935 

Проведены измерения энергетической зависимости nолного 

нейтронного сечения висмута в области энергий нейтронов от 

1 до 90 эВ. Результаты обработаны вместе с имеющимися в ли
тературе аналогичными данными. Получено значение среднеквадра~ 

тичного радиуса нейтрона <r~ >N~ · .. /-0,11+0,02/ Фм. Результат 
ID --

СраВНИВаеТСЯ с теоретическИми расчетами в рамках кварковой 

модели СВМ. Получена также оценка электрической nоляризуемое~ 

нейтрона а 
0 
< 5 · 1 О -3 Фм з. 

Работа выnолнена в Лаборатории нейтронной Физики ОИЯИ. 
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Alexandrov Yu.A. et al. Е3-85-935 

The Neutron Mean Square Charge Radius 
and Electrical Polarizability on tЦе Basis 
of Data on Interaction of Neutrons with Bismuth 

The dependence of total neutron ~ross section of bismuth 
on neutron energy from 1 to 90 eV has been measured. Тhе ob
tained data were processed together with the reported in li
terature analogous data. Тhе root mean square charge radius 
of the neutron was obtained to Ье <ri; > 1/2 = (-0.11.:!:_0.02) fm. 
It is compared with that calculated wi~in the quark model 
(СВМ). Тhе electrical polarizability of the neutron has also 
been estimated а < 5-10-Зfm з. 

n 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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