


In the last time widely discussed [1-8} is the question of what the mean
square radius of the neutron related to the clectric charge distribution inside
the neutron
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< Tl'n >N= G(I‘.iFl/dqz)qi___D = m(am -—_- C[F), (1)
is actually equal to. In eq.(1) a,, is the measurable scattering length of
a slow neutron on an clectron (ne-interaction), ar = pnﬁf = --1.468 x

1073 fm the Foldy scattering length related to a free neutron satisfying the
Dirac equation and exhibiting an anomalous moment u,, F is the Dirac
form factor.

From the Table of experimental data given in [4] it follows that most
accurate experiments can be divided into two groups: the measurements
[9,10] resulting in < ane >= (—1.309 £ 0.024) x 10~® fm , which leads to
< r3 >n> 0 in contradiction with modern theoretical representations of
the neutron, and the measurements [11-13] giving < a,, >= (—1.377 &
0.034) x 1073 fm} to lead to < r >x< U in confirmation of modern ideas
of the neutron. .

Earlier in [5,6] the possibility was noted of errors now present in {9]. The
reasons for them to arise are mainly the following: 1) very weak asymmetry
of neutron scattering on noble gases in comparison with strong synunetry
of neutron-nuclear interaction { so in |9 a half per cent asymimetry effect
of (ne)-interaction is measured with an errcr £2.53%); 2) because the effect
under measurement is so weak, experimentalists musi be absoclutely sure
that no side effects affect it (c.g., the ones due to weak p-resonances, ad-
mixtures of light gases, etc.); 3) large values of corrections introduced in
the experiment. So the neutron energy-dependent correction for scattering
asymmetry caused by gas thermal motion exceeds the measured effect for
xenon by a factor of 4, for crypton — of 10, etc.

A more promising methodical direction in (nc}-iuteraction study is the
applied in Dubna method of thermal neutren diffraction on tungsten-186
crystals [12]. In this case the sought-for effect reaches the value of 20% and
as a result we obtain @, = (~1.60 £ 0.05) x 10™* fr. Note that this value
is in agreement with the result reported in an carlier work [11] and has not
been an object of criticism as yet.

2. Comparative Deseription of Experiments Carried out at Garching
and Dubna

The main discussion centers around the results of the Garching experi-
ment [10] and the Dubna one [13]. The data obtained in them for the cnergy
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dependence (from 1 to 100 ¢V) of the total cross section gy,: of bismuth
practically coincide. However, different data treatment gave a difference of
not more than 1.5 uncertainty in values for a,. = ( -1.3220,04 ) x 107® fm
[10] and a,. = (—1.55 £ 0.11) x 107 fm [13]. Therefore, strictly speaking
one should look for contradictions between the works [10] and [11,12] and
not between [10] and [13]. Nevertheless, strangely enough the discussion
mainly goes around the latter two works.

First note that some discrepancy between the result of [10] and {13]
comes from different methods of data treatment. With formulas (1), (2)
and (5) in [10] one can obtain for the s-wave nuclear interaction (at e(k) = 1,
AE >>T/2 and R = (siné,}/k) :
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where o; is the nuclear incoherent cross section, g,_ = %&% (in [10]
they do not write gi_in their formulas), J = I £1/2, I = 9/2 (for Bi),
AE=E_E,.
From {13] it follows that
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The first two and the last term in eqs.(2) and (3) coincide, while the
others are different. The first reason for this difference is the fact that eq.(3)
was derived on the basis of a generally accepted S-matrix of scattering
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which does not take into account small inter-resonance interference. How-
ever, as it will be shown below the taking into account of this phenomenon
cannot influence the result of ¢,. determination in [13]. An attempt of
taking into account the inter-resonance interference has been undertaken
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in [1]. As shown in [2] that cannot be considered correct. Meanwhile there
are the long known S-matrices accounting for this phenomenon of inter-
resonance interference (e g., see refs.[14-16]). Based on them calculations
of %2 were performed in [5]. The calculations have shown that with the
known resonances 0 < E,; < 265keV being taken nto account {17], the
additional inter-resonance interference term in eq.(3) for bismuth at the
energy about 10 ¢V makes #%inc = 0.0086 x 10~2*cm?/ster ( the total cross
section of bismuth at this energy is &=t = 0.74 x 10'cm?/ster, i.e., nearly
90 times larger). It is very important, however, that at energies below 50
eV the value of —4;r’11 does not practically depend on energy.

For example, so does the calculated with S-matrix [15] inter-resonance
interference term
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Far from the resonance exp.(5) does not practically change with energy.

In the Dubna work [13] to find the value of @,. we analysed the value
of V = "#‘:é@ — @?,, where agy is the coherent scattering length. The
expression for ¥ has an energy-independent term p;, that can be varied
to achieve the best of experimental data description. Since p; does not
depend on energy, by introducing a constant term Ag;,; one cannot aflect
the result of a.,. determination in [13] as well, though will somewhat change
the analytical expression for p,.

S0, dye = (—1.55 £0.11) x 10™® fm and < r}, >x< 0. What kind of
error does come into [10]?

Let us compare the formulas (2} and (3) taking into account the reso-
nances with the energy E,; > 0 and the additional inter-resonance interfer-
ence term {5):
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= (0.0113 + 0.0006)107* ¢m?/ster = 0.0119 x 107** em*/ster.  (6)
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= (0.0029 + 0.0086)1072% em?/ster = 0.0115 x 107* cm?/ster. (7}

Thus, if the contribution of the term %‘f‘ is taken into account (formula
(5)), eéxpressions {2) and (3) give practically like results (at E,; > 0).

Still there is some difference between works [10] and [13] in approach
to calculation of the contribution of negative energy resonances (E,; < 0)
into the total cross section. In [10] this contribution of one bound and of
missed levels has been calculated using the average parameters of s-wave
scattering: the sirength function, SO=O.6510.15, and the mean level dislance <D >= 4.5+
+0.6 keV [17]. In this situation I think an error may easily crawlimto, since a resonance
at E, < 0, for example, may be at a distance | Ey |<< D, > from the
point E = 0 and it will hardly be possible to estimate its influence on the
term by with good accuracy, because uncertainty in determination of S, is
large {of the order of £23%).

In [13] we have used a more realistic method consisting in variation of the
parameter py, in particular. This is the main reason for discrepancy between
the results of Garching and Dubna. Treatment of the experimental data
of [10] taking into account the parameter p; = —0.0023 x 107*' cm?/ster
found in [13] by the least square method will lead to a 1.2 times increase
of the absolute value of @, 1.6. t0 e = —1.58 x 1073 fm.

3. Conclusions

Thus to my thinking the values of a,. obtained in [9, 10] are not
grounded enough and consequently the actual < #}, >< 0. This conclusion
is in agreement with measurements [11, 12, 13] and with the modern ideas
of the inner structure of the neutron [6, 18, 19, 20].
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