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1. Introduction

Lately, an intense discussion has been developing concerning the discrepancies in
the ne-scattering length data obtained from various experiments and, consequently,
the controversial estimations of the neutron mean square charge radius based on by,-
values. Having originated with Foldy [1] a long time ago, the experimental quantity b..

is presumed to consist of two terms
bne = bF + bl )

where b is the Foldy scattering length caused by the neutron anomalous magnetic
moment 4 interacting with the electron electrical field, and b; ¥ the scattering length —
as though rendering an interaction between the neutron internal charge structure and
an electrical field (strictly speaking, the charge density giving birth to this field). The

following notations are used

1M
B
<ri >= /r’p(r)dr ,

where M is the neutron mass. From this, the expression

2
b/ <T'»">,

342

2
<Tip >= Me?

by = 86.4(bn. — bF) fm’

appears. The experimental b, estimations existing in current literature are concentrated

in the proximity of the two following values:
bne = (—1.59 £ 0.04)10° fm  {2],[3],

bne = (=131 £0.03)1072 fm  [4],[5].

Eventually, two estimations of the quantity < r2, > need to be discussed:

<12 >= —0.010 £ 0.003 fm? (2], (3],
< r} >=+0.014 £0.003 fm? [4],[5] .

Whilé no model of the nucleon structure yet leads to a positive neutron mean square
charge radius, the Garching group [5] and the group that measured b,. by means of
liquid 2% Pb at Oak Ridge (6] have given up accounting for the Foldy-term (the first using



vague arguments (7] and the latter without any explanations at all), thereby reducing
the definition of the neutron mean square charge radius to the expression
3n2
<r?n=—p,
me?
Under such circumstances, we are forced to face the primary sources of the problem and

glance over the history to find the gist of the question.
2. Revision of Describing ne—Scattering

Here, from the very first, it is necessary to determine the genuine relation between
the measured ne-scattering length and the nucleon structure. In our opinion, there is a
certain misunderstanding of this question [8] and we believe it will be instructive to trace
back how this relation is acquired in various approaches. As the ne-scattering length
is obtained from slow neutron scattering in the field produced by atomic electrons, the
neutron interaction with an electromagnetic field will be described first.

A free nucleon, as well as any free particle with spin 1/2, is described by the Dirac
equation. Yet the "external field” concept is limited and, generally speaking, unten-
able. In fact, even for an electron itself, the Dirac equation in the face of an external
electromagnetic field A = (@, A)

it _ (ca(p - SA) + Bmet + ),

ot
%:é =Hg,
k’Hz %(prA)2+e¢——87~np:—‘:2—
—-%UH — %G[E x p] — %divE (1)
(where E = —(y®), H=[y x A], £ s =y, a, B are Dirac matrixes, o is the Pauli

matrix, and ¢ is the large component of the bispinor 1) does not enable to describe
properly the properties of this point-like particle, because self-coupling to its own elec-
tromagnetic quantum field (radiative corrections) [9] is known to result in the additional
terms in the equation to describe the behaviour of the electron in an external field A.
The last three terms in ? in eq. (1) are thus replaced by

eh 1 ' L, eh o
_(gn-c + pe)oH — -—( ps 2ul)o [E x p] — R(% + 24 )divE,  (la)

where p! = %(‘ ch + ... is the electron anomalous magnetic moment.



1t is to emphasize here that in accounting for the radiative corrections, the coefficients
prefixed to oH and to divE and o[E x p}] are modified in different ways: the anomalous
magnetic moment g, has been added to the magnetic moment 32 in the term containing
H, whereas a twofold quantity has been added to the coeﬂic1ents in two latter terms.
Thus, it is quite impossible for even an electron to obtain eq. (1a) from eq. (1), that is,
to account for the electron interaction with quantum fields (the radiative corrections)
merely by replacing the magnetic moment of the point-like particle in the Dirac equation
by the total magnetic moment that incorporates the anomalous one as well.

In a general form, the behaviour of a particle with spin 1/2 can be described in a

formal way by means of the relativistic and gauge invariant equation (11, [9]

e .1 y
[e(pur” - ~Au*) + W F + M + e[ (1.4%)y = 0,

ihaa—‘tl’ =Hyp = [ca(p — EA) — uB(ZH — iaE) + BMc? + ¢® — (1@ + ca[JAJy, (2)

where we restrict ourselves to accounting for the first order terms in field A and the
D’Alamber operator [Jonly; here X is the spin operator and F** is the electromagnetic
field tensor. The lowest approximation in 1/¢ runs as follows

94

ihss = Hg,

He —(p— SA+I0AY oo - (2 on-

2M

1, ¢h ho ek
o1 aaze T 2B X pl = [e4 (o

In such a purely phenomenological approach, the emplncally mtroduced parameters

2Mec
P 2u)ldivE.  (2a)

#, € render both the internal structure of a particle and its interaction with a vacuum
of the electromagnetic and other quantum fields, which are not taken into account in
the Dirac equation (1). The physical meaning of the quantity y emerges unambiguously
as the coefficient prefixed to oH in eq. (2a). Consequently, it is understood to be

the "nucleon anomalous magnetic moment”

a point-like particle with spin 1/2, mass M and charge e. Yet, according (2a) thls
empirically introduced quantity 4 shows up to determine not only the interaction of the
particle with a magnetic field, but with an electrical field E, as well: the ”Schwinger
interaction” (next to last term in eq. (2a)) and the "Foldy interaction” [1] (last term in
(2a)). Certainly, expression (1a) for an electron (p = u.) corresponds completely with
the general phenomenological equations (2), (2a).



Asfar' as the parameter ¢ is concerned, no unambiguous conclusion about its physical
contents can be drawn immediately from eqs. (2), (2a). The fact that e is incorporated
side by side with the terms containing g in the coefficient prefixed to diwE(R) = — Ap
®(R) = ~47p.(R) in eq. (2a) (p.(R) is the charge density inducing the electric field)

does not constrain the equation

€= (l—s/drrzp,,(r), (3)

(here p,— is the density of the charge distribution inside the nucleon), contrary to what
was presumed in {1], [8], and [10], as well as in some other publications. In such a
phenomenological approach, this quantity e is, as a matter of fact, a fitted-parameter
that is allowed to take any value, including zero.

The interaction represented by the last term in eq. (2a) results in the Born amplitude

of neutron scattering (e = 0)

M 1) )
fue@) = =2 e+ pz] [ dRemiwR p (R) (1)

in the field, induced by the charge density pe(R), and in particular by the charge distri-
bution of the atomic electrons, the atom being nailed down (bound). With the quantity
¢ being equal to the experimental value of the neutron anomalous magneticl moment, and
the quantity e is assumed to be equal to zero, the ne-scattering length b.. = —f,.(0)/2
proves to be equal to the value b, = —1.46810~'6cm, coinciding within a small er-
ror with up to date experimental results [2] - [7]. This is evidence that the € value is
small. However, pursuing this phenomenological approach, no rigorous conclusion about
the nucleon structure can be acquired through this result. Certainly, as it was already
emphasized long before (1], an approach can not been asserted as expedient if the coeffi-
cients assigned to describe the nucleon structure are introduced purely empirically and
are never gained through any more-or-less general and profound physical theory or, at
least, a model.

As pointed out above, accounting for radiative corrections for the electron itself
modifies the coeflicients by H and by divE in different ways. All the more, when the
nucleon, being a much more complicated composite system, interacts with an external
electroma.gnétic field, its structure can not be taken into account merely through modifi-
cation of the Dirac equation, in particular, through replacement of the point-like-particle
magnetic moment by the total one, including the anomalous one as well. At this time,
because of the lack of a rigorous, thorough theory, the nucleon structure is investigated

in the framework of various approaches and models.



Nucleon properties are known to be successfully described in the Cloudy Bag Model
(CBM) [11], with the interaction on the surface of the bag between quarks confined
inside the bag and the pion field playing an essential role. The energy of the bag-
nucleon, including quarks and meson fields, in an electromagnetic field replaces the
nucleon interaction with an electromagnetic field in eq. {2). According to CBM, this

energy is presented as the expectation value

< N|VIN >=< N|j* AN >=< N|(j; + 75)AulN >, (5)
(N =n,p)

of the operator V, rendering the interaction of an external electromagnetic field A with
the quark and meson fields in the bag-nucleon ground state |N >, that is in the three-
quark state, having a total spin and isospin 1/2 and the given projections. Here j,, j,, are
operators of the quark and meson field currents. The energy of the bag-nucleon in its
rest frame in a static magnetic field H = [57 x A] has the common form —(He )py p. The
values of the neutron and proton magnetic moments ., ,, obtained according (5), prove
to be in sufficiently good agreement with experimental data [11]. In the case considered,
the energy of a neutron propagating with a constant velocity |v| < ¢ through a constant

electric field E = — 7 ®, is represented, according to CBM, as follows:
€ =< n|(jg + 72)®n > —puoH, (6)

where H' = 1[E x v] is the magnetic field in the neutron rest system. The second term
in eq. (6) is the spin-orbit interaction, induces the well-known ”Schwinger scattering”.

The potential ® varying slowly in the nucleon range, the first term in eq. (6) reduces to
1 2 1
Eue(R) = Dp2(R)z / drr’pu(r) = Sp®(R)z < 78>, (7)
pa(r) =< nljg + jaln >,

where p.(r) is the neutron charge density. This ne-interaction (7) in the Born-

approximation results in the scattering amplitude

Jael@) = =57 (5222) [ dRp(R)e . (8)
The straightforward calculation of the expectation value p,(r) according to CBM and,

2
n

consequently, < r2 > in eq. .(7) (see for instance [12]), provides an f,. value in (8)
that coincides within the accuracy of &~ 10% with both experimental data -and the

result obtained according to aforecited phenomenological approach, the quantity ¢ being



suggested to be equal to zero. Thus, we can see that the very physical quantity — the
scattering length — is expressed according to two different approaches through different
neutron characteristics: through the mean square charge radius in CBM and through
the anomalous magnetic moment in the phenomenological approach, and yet the values
calculated in both cases practically coincide. This has been emphasized as being very
significant.

The nucleon mean square charge radius can be acquired without handling the bag-
nucleon in its rest system. The nucleon-electron scattering amplitude is determined [9]
through the nucleon transition current J¥p p.(z) between nucleon states with moments
P,P’. In the framework of the CBM approach, J¥ =< Uyp|J™|¥np > where ¥ are
the bag-nucleon wave-functions and the quark and meson fields are accounted for [12].
The Fourier-transform JRp p/(z), that is the zero-component of the transition current

in momentum representation, is presented as follows:

Reple) = [ a6t Spp.(z) =
= (2)'8(P ~ P' — g)(en(P)en(P"))V2A3(P, q) 2. BN

The second moment of the charge distribution (the nucleon mean square charge ra-
dius), depending now on the nucleon momentum P, is related to (9) via the well-known
expression

. 92 a
<rH(P) >= *WhON(P,‘I)iFO = —Gél—qph?v(f’ﬂ)h:o, (10)

which can be rewritten in the form
00
< (P) >= / drr*hS (P, r) = / ridrarr? (P, ). (11)
o

The quantity involved here, , depending on momentum, strictly speaking, can not be
treated as the nucleon charge density, though the charge conservation law for the p(P,r)
is valid in this treatment [12]. The calculation [12] of the quantities J°, 5 and, conse-
quently, of < r}(P) >, carried out in the framework of the CBM, provides a value
which almost coincides at P = 0 with the < r3 > values obtained in the aforecited
approaches. )

The previous consideration makes us realize that the magnitude of the ne-scattering
amplitude, obtained from experimental data, must be immediately compared with the
one calculated according to the CBM approach [11]. In the framework of the CBM,
there is nothing proportional to the u divE (like (4)) contribution to the ne-scattering



amplitude. By the way, it might be instructive here to point out that the question about
the "Foldy term” in the electron-nucleon interaction has never arisen, while the Lamb
shift is investigated in either the ordinary or in the mesonic atoms (see, for example,
[13]). On the other hand, in the framework of the phenomenological Foldy approach [1],
the ne-scattering amplitude is expressed through the quantity p according to eq. (4), yet
nothing can be concluded immediately about the hidden physical sense of the quantity
¢, namely that this approach is only phenomenological. Foldy himself, suggesting eq.
(3) as being the plausible physical representation for the quantity €, had, as a matter
of fact, only designated such an interpretation, but never made any concise statements.
Instead he referred to experiments to disentangle the physical meaning of the quantity
e. For years, in successive works, the quantity € has been assumed to be exactly equal
to the value of the second momentum of the nucleon charge distribution (3), no new or
additional argument having been managed at all.

Obtaining < r2 > with high precision experimentally will promote, in our opinion,
the development and improvement of the various models now suggested for describing
the nucleon, ignoring for the moment that these approaches are apparently not. yet in
position to provide an accuracy better than ~ 10%. Beyond question, any theoretical
approach must be able to successfully describe not only one characteristic of the nucleon,
but the majority of the following, simultaneously: < r? >, g ,mn , ga, and so on.
Therefore, it is desirable to obtain the values of all of these quantities from experimental
data with equal precision. Specifically, the < r? > value needs to be known to the same
accuracy as the values of g, g4 and so forth..

On the other hand, exact determinatioﬁ of the ¢ value will enable us to judge to what
degree the anomalous magnetic moment incorporates all the main features and peculiar-
ities of the neutron structure while describing, according to aforecited phenomenological
approach, the behavior of a neutron in an external electromagnetic field. If the € value
proves to be very small, almost negligible, an amazing and intriguing conclusion will be
inescapable: that the spectacular phenomenological approach really does exist in which
the anomalous magnetic moment thoroughly renders the structure of the neutron as it
interacts with an external electromagnetic field. The goals of further experimental in-
vestigations are to obtain the b,. value with better accuracy than before and that these

measurements will not require significant corrections in the processing their results.
3. Launching into the new experiment

According to generally accepted notions when describing the neutron scattering



length on-an atom, the neutron strong interaction with the nucleus and the electro-
magnetic interaction with the nucleus and atomic electron cloud are taken into account
[10]. For nuclei with J = @ and subtracting the Schwinger scattering contribution,

neutron scattering on atom is determined by the scattering length
b=by+b.Zf(q) , (12)

where by is the nuclear scattering length (including the small contributions from the
neutron electric polarizability and the neutron interaction with electric charge of nucle-
us), by is the ne-scattering length, the goal of our investigations, and f(q) is the atomic
form-factor. That is valid for diamagnetic atoms where the electron shell spin is equal
to zero.

The most precise estimations of b,. have been obtained from the following experi-
ments:

1) the angle distribution of elastically scattered neutrons by noble gases [4];

2) the energy dependence of the total neutron cross section of liquid Bi [2] and Pb
[6]; ,

3) the intensities of the diffraction peaks for a single #6W crystal [3];

4) the combination of total cross section and coherent amplitude data for Pb and Bi
(51, [7]-

Each of these methods has its own drawbacks that can lead to systematic errors in
the b,. estimates.

Using the first method, the kinematic nuclear asymmetry and its dependence on
the thermal motion of gas atoms have to be taken into account. The corrections for
this effect, even for Xe and Kr, appear to be several times higher than the expected
ne~interaction effect.

In the second case, the corrections for diffraction effects (collective scattering on
neighboring atoms) and for the thermal motion of atoms have to be taken into account.
The value of these corrections is close to the ne-scattering contribution.

In the third method, to describe the experimental values of b, by the same by for
two single crystals which differ in isotopic composition, the authors had to introduce
some scattering of a not quite proved nature that contributes to the Bragg peaks [3].

In the fourth case, the result is determined by the value of the coherent amplitude
used in the b, analysis. Thus, the value of b, is very critical and is subject to "drift”
in time [14].



The mentioned ambiguities about the extraction of b,. from experimental data com-
pel us to search for new methods for setting up experiments and performing analysis.

In the present work, the possibilities of experiments on neutron scattering by noble
gases using neutron spectrometry with modern pulsed sources are considered. We also
revise the corrections for the thermal motion of atoms and for collective scattering on
neighboring atoms.

First of all, we investigated the possibility of obtaining by, through the energy depen-
dence of the ratios of neutron intensities from elastic neutron scattering by noble gases
with the value of the large and small electron numbers, Z. For example, the 4w-detectors
could be used for Xe and Ne. Nevertheless, it is necessary to take into account the neu-
tron detector efficiency modification for Ne and Xe because of the different neutron
energy losses in scattering events. Estimations of the corrections concerning this effect
give a value of (1 — 2)%, apparently compatible with the effect expected due to ne-
scattering. In addition, the cross-section in the domain of slow neutrons (E, < 0.1eV)
suffers a kinematic increase {by the factor ~ Viet/Va) because of the influence of the ther-
mal motion of the gas atoms which, certainly, are different for Ne and Xe, essentially

distorting the ratio of the intensities:

£}_(_e; — 47['1)?\;1 + 87rbN1Z1bnef1(E)
INe - 471'5%12 + 87rbN2Z2bnef2(E) .

Following [15], we recall the origin of the main formula, taking into account the

influence of the motion of atoms in a single-atom gas on the differential and total neutron
scattering cross-section.
The scattering probability in the center of mass system is

VeTg
4

where v, -relative velocity, vy -initial velocity, v’ -final velocity, oo —total scattering

8(v' — vy)dv'dSY’ (13)

cross-section. Then, the differential scattering cross-section in the laboratory system

has the form
og Uy

o(ve — v,Qo — 2)dvdS2 = 4—-———6(1} vg)dv'dSY . (14)
Putting to use the Jacobian,
do'dY _ v*
dvd) ~ v’
we get, suggesting oq to be independent of E,
oo v, v?
o(ve — v,8k — 2) = 4; o vmé(v’ — ) =

10



A+1 v — 2 2
477( A )vo6( 2 +ﬂ—uw), (15)

where u = v —vq, w is the velocity of the atom. Integrating over dw, the Z-axis having

been chosen along u, we arrive at

do(vo = v, — Q) =< (v — v,y — O >, =

_ % (A+1)2\/Zv2 1 exp{ A(v”—v0+|v vol) } (16)

4732\ A vour |V — vl 402\ |v — vy A

Here vr = ,/% =128.9v'T m/s , and thereby, we get the relation

A+1y\2

do(vo — v, — Q) = z—;( y) ) F(vo,v,8, A), (1)

where

v2

\/_UoBo \/v2 + v2 — 2vvg cos 8

F(vg,v,0,A) = X

__ 2A-1 _ 2vygcosf\2
(U Yo A+1 )

(A
p{4(,q+1) B2('Uz + 'Uo — 2vvg cos 9)

}. (18)

Here By, = \/fn—k}. To obtain the ratio of the intensities of the neutrons scattered at

various angles, expression (17) has. to be integrated over v from 0 to oo at the given

angles
R= f[;)o F('U(],U,gl,A)d'U _ Fa(v()yolaA) (19)
B fooo F(’Uo, v, 92) A)dv h Fs(vﬂy 02) A) .
The ne-interaction being taken into account, the interference term
do = [b% + 265 Zbye f(E,r, 0cm)| F (0o, v, 8, A), (20)

appears, where f(E,, 8.,,) is the atomic form factor corresponding to the relative energy
(velocity) of the motion of the atom and the neutron E,, and to the scattering angle
fcm in the center-of-mass system which leads to the scattering angle # in the laboratory
system. Our calculations of the averaged form factors, using the Monte-Carlo method
and considering the thermal motion, show that the average form factor values agree,
with good precision, with the form factor values taken directly for Eqy (V3) and 4 in the
laboratory system. For this reason, the neutron intensity ratio with ne-scattering and
thermal motion contributions may be written as

_ WA F,(Vo,0,,A) + 2bnbne Z f( Vo, 61)

T b F,(Vo, 65, A) + 2bybneZ f(Vo,0:)

(21)
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Integrating (17) over v and @, we.obtain for the total cross section, without accounting

for ne—scattering:

1 1
Az )erf(\/Zzo) + Jid

e 48] = goFy(Vo, A) , (22)

1
Oy = on—n[(xo +

where zg = T/‘{% and V7 = /2L, Including the ne-scattering, we get
o, = 473, Fi(Vo, A) + 87bnb,. Z fi( E), (23)

where F; is the integral of F; over 8.

In calculations of R and o, we used the analytical expressions from [10]:

1

JE,0) = 1+ vEsin® 0/2, (24)
ME) = Z(VTTVE-1) (25)

for the form factors, where v = 5797.4/¢2 eV ™!, and ¢ is the parameter fitted for
each kind of gas (see [10]). A comparison of the form-factors calculated according these
formulas with the tabulated data from [16] shows a good agreement when using the gq
values for Kr go = 6.60 and for Xe go = 6.80 as suggested in {10].

The feasible scheme of the experimental set-up for the measurements is presented in
Fig.l.

Neutron counters

Fig.1. The scheme of the set-up for measuring R(EY.

Fig.2 shows the energy dependence of the intensity ratio of neutrons scattered by
Xe at 45° and 135°. Calculations were carried out using (21). The steep fall of the R
value in the region below 5 meV is determined by the kinematic factors Fy(V;,8) for

pure nuclear scattering. In the energy region above 10 eV, the curve R approaches the

12



value for scattering by atoms at rest.

- 2
(%cos&-{- V1~ s’;;#)
\/1 — sizia

The position of the R(E) minimum at E ~ 0.05 eV is determined by the contribution

of ne-scattering with a relative value of ~ 5.1073,

W(6) =

(26)

If it is assumed that R(E) can be measured with errors of 2.107* (in Fig.2, the random
points are within such accuracy limits), the converse analysis of pseudo-experimental

data using the FUMILL code (the curve in Fig.2) shows that b, may be

1.025 e —— e rrr—— e — —’
° L ]
e - 4
e} r ]
1015 L 3
o r ]
Te) [ ]
Ao L ]
— L <4
o [ ]
o C e ]
S1oos [ X ]
« - ]
(a4 r ]

0.995 L woo e T S ST BT O

0.001 0.01 10 100

0.1 1
Energy(eV)

Fig.2. Intensity ratio R(E) for angles of 45° and 135° as a function on neutron en-
ergy E. The circles are the pseudo-experimental results with errors of 0.0002; the curve
showes the fitted result: by = 5.85 + 0.30fm and b,, = (—-1.32 + 0.06)1073 fm: the

squares are data points from Monte Carlo calculations for the same by and b, valucs.

extracted only with the same accuracy as by. This is because of the linear correlation
between b,, and by that appears in the R(E) analysis. For measurements, it is better
to use the heavy isotopes of Xe because they do not have neutron resonances in the

eV region. Then, for example, consideration of the —84 and 14.4 eV resonances from

13



10% 13! X e-dopant retains the true shape of the R curve. The nuclear scattering length
can be obta.med from total cross section measurements higher than 10 eV where the
capture correctlons are small, For the existing beams at the IBR-2 reactor and the
IBR-30 booster, the by estimates can be obtained with an accuracy of better than 2% in
several days. Then, from measurement of the angle anisotrophy for 45° and 135° in the
energy interval from 0.002 to 1 eV, with an accuracy of 2.10* (which is quite possible
with the IBR-2 and IBR-30 beams using helium-3 counters at a pressure of 10 atm), bpe
can be obtained at better than 2%. In this case, the error of b,. can be determined not
by the count statistic, but by the uncertainty Aby. For R(E) analysis, it is convenient
to use the region below 0.1 eV because here there is no necessity to make corrections
for changes in detector efficiency for neutrons scattered at 45° and 135°. To adjust the
corrections caused by the thermal motion of the gas atoms, it would be desirable to
carry out measurements for noble gases of various A; Z similar to those perfqrmed by
Kron and Ringo [4]. ’

We obtained for Xe at E = 0.05 eV that:

R = 1.021 without considering ne-scattering and thermal motion,
R = 1.020 considering the thermal motion, only, and
R = 1.013 including both ne-scattering and thermal motion.

So, at the maximum of the ne-scattering effect, the anisétropy R —1 due to passing
from the center-of-mass system to the laboratory one is equal to 0.021. The correction
for the thermal motion reduces this value by 0.001 and the searched for effect by 0.007
more.

‘Measurement of the total cross section by the neutron transmission for the 8 Kr iso-
tope has been more promising. This isotope has a small thermal capture cross section,
342 mb [17], so the total cross section is determined, mostly, by scattering. The energy
dependence of o, calculated for some hypothetical cases are shown in Fig.3. Points show
o4(E), calculated by eq. (23) for the fixed parameters by =773 fm, 0, = 2/W3mb)
(to be more by the factor of 4 than for the pure 8 Kr isotope), b = —1.32 mfm, and is
statistically scattered with an error of 2.5 mb. The solid curve displays a:(E) at bpe = 0,
that is, the case'without ne-scattering. The dashed curve corresponds to o;( E) for the
case without the thermal motion of gas atoms (calculated by eq. (23) at T — 0). One
can see that in the 0.1 eV region, the real contribution of ne-scattering is 35 mb, of
which 15 mb are compensated for by the thermal motion effect of the atoms. For lower

energies, the contribution of ne-scattering increases, but it is considerably overlapped
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by the thermal motion effect. So, at £ = 0.001 eV, o,. ~ 55 mb, whereas the thermal

motion contribution is more than 100 mb. In Fig.3, the squares show the case

7-650 Ty

Kr—86

7.600

(barn)

7.550

a 44
a u::H"'o ! :UMJ

Cross section
~ N
g g

T T I T T T T T T T T T T T [T T T T ey e

SR NSNS E RS PR NE NSRS FSUN S NA N AR YT

7.400 Ll o1 g ant Lot eaanl Lot g1l 11 o1l

0.01 100

.
Energy(eV)

Fig.3. Shape of the total cross sections in relation to a consideration of thermal
motion and ne-scattering contributions. The points are pseudo-experimental data at
T =293°K and b, = ~1.32107% fmn ; the curve corresponds to b,. = 0 and the same T;
the dashed line corresponds to 7' = 0°K and bne = —1.321073 fm; squares are the same
yet at T = 184°K .

corresponding to a gas temperature of 184K (provided that the gas is cooled by lig-
uid xenon). These data essentially relieve the problem of estimating the ne-amplitude.

In Fig4, the analysis of pseudo-experimental data using the FUMILI-code (with
standard errors of 2.5 mb) is presented. If data covered the region of 0.003 — 10 eV
or even 0.003 — 1 eV, b, can be cbtained with an accuracy of ~ 5%. In this case,
the capture cross section can be extracted with an accuracy of 10%. If the data below
0.01 eV are absent, then the errors for b,. and o, increase by ~ 2 times. In this case,
it is desirable to know the value of oy, from addition measurements of o¢ in the meV
region, which can improve the accuracy of the b,. estimation. _

The Russian National Fund for Stable Isotopes has 10 g samples of # K'r with 99.97%
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enrichment. A S ~ 1.7 cm? sample can be prepared and its transmission may be
T ~ 0.74. To attain an accuracy of up to 2.5 mb for such T, the statistic has to be
~ 3.10° per point. With the mirror neutron guide tube of the IBR-2 reactor in in-
tervals of 3 — 25 meV, such a statistic may be achieved in 24 hours, and in 4 days
at the IBR-30 booster for a flight path of 10 m in the region of 0.005 — 10 eV.

L e R e o —
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Cross section(barn
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Fig.4. Results of the analysis of the ¥ K total cross section. The points are pseudo-
experimental cross sections with errors of 2.5mb and ¢,(1eV) = 2mb. Results of fitting
¢ bne = (—1.18 £ 0.10)1073 fm, o, (1eV) = 1.0 + 0.7mb or b, = (—1.32 £ 0.02)1073 fm
by fixed o,(1eV) = 2mb.

The problem of correcting for the diffraction caused by collective scattering of the
neutron wave by nearby atoms was considered by Akhieser and Pomeranchuk as far back
as 1949 [18]. Tt has been shown that diffraction effects lead to additional asymmetry in
neutron scattering

sin  cosyp
f 0) = - )
0 =5 -
87R

where n = 22 sin% and R is the radius of the atom. This effect produces the following

(27)
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correction in the total cross section

Ao, = 2B, 4n(2R)*n / " £(6)sin 08 | (28)
0

where n is the number of atoms in 1 em3,

Our estimations show that for a gas sample with a pressure of 1 atm and 0.5 atm, and
at B =1.4.1078 ¢m, the relative corrections Ag, /o, for the total scattering cross-section
result in the values displayed in the following table:

Energy eV | P=1 atm | P=0.5 atm
0.001 . 1.1073 6.10~*
0.005 2.1074 1.10-4
0.01 1.10~* 5.10%

0.1 1.10-5 5.107¢

Thus, these corrections for the energy above 1 meV prove to be ~ ] mb, which
does not exceed the statistical error. Their influence can be verified by carrying out

measurements with various mixtures of the sample.
The research described in this publication was made possible in part by Grant

RFS000 from the International Science Foundation and by Grant 94-02-03118-a RF-
FI.
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" bynarsn ['.T. u ap. E3-96-79
Mpo6nema 3aps0BOro paiMyca HEHTPOHA H MPEIOXEHHs HOBHX 3KCEPHMEHTOB
MO OUEHKE IUTHHBI /1,€-PacCesHUs

HcenenoBada cBA3b WIMHBL f.e-paccesiusi b, C BelHUHHAMM, XaPAKTEPHIYIOLUMMH BHYTPEHHCE
CTpOEHHEe HEHTPOHA — CPEIUHHM KBAUPATHYHBIM 3aPSHOBBIM PAIHYCOM < ’i > # aHOMANTBHBIM MArHHTHBIM
MomeHTOM Y. [TposenenHbIil ananui ybexiiaeT HaC B TOM, YTO, COIMACHO COBPEMEHHOI MMBPHIHOI Moue1H
KHpaneHoro Mewka (CBM), 3HaueHue b ONPCAENSETCH BEMHUHHOMN < ri > Be3 BKTIOYCHHS Tak Halbisa-

€MOro «(hONIH-UEHA», B TO BPEMs KaK B paMKax (eHOMEHONOMHYECKOTO NOUX0K GO IKCTIEPHMEH-
TATLHBIC 3HAYEHHS b, NOAYYEHHDIE HA CEFONHALIHHI I€Hb, MOTYT GbITh ONHCAHB! THM «(HOIIH-UIEHOM >,

T.C. aHOMAILHBIM MArHHTHBLIM MOMEHTOM HElTpOHa W . B npesenax ~10% tounoctu. OTciona cTaHOBHTCS
ACHOIH HEeOOXOUMMOCTb MONMyueHHst b C MEHLWHMH ONPABKAMH H CYIUCCTBEHHO TYYLUEH TOUHOCTHIO,

YEM B NpelbUIyluX KCnepumenTax, JUisi yCTpaHCHHS MPOTHBOPEYHI B SKCNEPHMEHTATLHBIX OLEHKAX
b, NPCINATAIOTCS HOBBIC IKCIIEPHUMEHTEL 110 H3MEPEHHIO 3HCPreTHUECKON 3ABHCHMOCTH CeueHHs pacce-

. 86 .
AHUA MCEIUTEHHBIX HCHTPOHOB Ha HIOTONE Kr u YIJIOBOH AHH3OTPOMNHK paccestHHs Ha u3oTonax Xe.

Pa6oTa Brinonnena B Jlaboparopuu neiirpounoii dmsnxi um.M.M .®Ppanka OUAHN.

Tpenpunt OGbeniHEHHOTO HHCTHTYTA SiUEPHBIX HecenoBanuii. [lybra, 1996

Bunatian G.G. et al. E3-96-79
On the Neutron Charge Radius and the New Experiments Proposed
for the Precise (n,e)-Scattering Length Measurement

Relationship between the n,e-scattering length, b, and the neutron mean square charge radius

<r*> and anomalous magnetic moment y . the quantities which characterize the internal structure

n
of the neutron, was investigated. The performed analysis showed that in the framework of the modern
cloudy bag model (CBM) of the nucleon the value of b, is determined by the value of <r§>

without the so-called Foldy term being taken into account, while in the framework of the phenomeno-
logical Foldy approach the experimental values of b, obtained up to date can be described only by this

Foldy term within an accuracy of about 10%, i.e., by the anomalous magnetic moment of the neutron
K, Then a necessity is obvious to obtain b, _ with higher accuracy than in previous experiments. To remove

contradictions in experimental b, estimates, new experiments to measure the energy dependence of the

slow neutron scattering cross section by ¥Kr and scattering anisotropy on Xe isotopes, have been
proposed.

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