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A new method to set a lower or upper limit o, of the neutron electric polarizability a,
is proposed. It is based on the fact that the real part of the s-wave scattering amplitude
changes its sign near the s-wave neutron resonance at E = E*. The methods consist of
the observation of the energy behaviour of the forward — backward scattering asymmetry
w1 that experiences a jump at £ = E*. If for the jump, dwi/dE > 0,an > o, if
dwi/dE < 0, an < af, and an ~ o, if dw1/dE ~ 0. Seven even-even nuclei are found
with af, from 0.5 to 3.1 in 10~3 fm3. Some details of a possible experiment with 152W
are described.

PACS: 28.20.-v

1. All methods that have been used up to now to evaluate the neutron electric polar-
izability o, consist of the extraction of a very small a,, effect against a large background
caused by the strong nuclear interaction. As a result, all of them are essentially quanti-
tative methods. The method we have found is, in essence, a qualitative one though it is
also connected with the observation of a very small effect.

As it is known [1-3] the a,, effect can be observed in the neutron energy (E) depen-
dence of the forward-backward asymmetry coefficient

a(0) — o(m)

W = ———=

a(0) + a(x)
(o(?) is the differential scattering cross section) for neutron scattering by heavy nuclei
at small E. The behavior of wy(E) is mostly determined by the interference between s-
and p-waves and illustrated in Fig.1 where w; is calculated for different a, for the 238U
nucleus as if it had no neutron resonances. The discussed picture is obtained using the

approximate expressions

o(9) = (fo + frcosV)?, (1)
wr =2f1/fo (2)

where f, is the s-wave scattering amplitude and ’
A=+ (3)

is the sum of nuclear and polarizability contributions to the p-wave amplitude. For 238U,
they are

fo=—-94fm, fN=-109-10"°Efm, fP =505-10%,vEfm (4)

(E is in eV, ap is in 1073 fm® here and below) and w;(E) is as in [1] and [3]. In Fig.1
the main peculiarity is that each a, > 0 curve intersects the abscissa at a certain energy
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E'. It means that the p-wave amplitude f; changes its sign from positive at E < E' to
negative at E > E' as soon as f, is simply a positive s-wave scattering radius Rj taken
with a minus sign.

In spite of a large o, contribution to w; at eV energies it is hardly possible to ob-
tain experimentally the corresponding curve w;(E) because this requires not only the
measurement accuracy ~ 1075 but also an equal degree of removal of various distorting
effects.

2. Instead of measuring the whole curve w;(E) we think it is possible to evaluate
a, by investigating w; only near s-wave resonances using their wonderful property. Such
resonance with the energy Ey on the even-even nucleus leads to that the total s-wave
amplitude fo (potential — Ry plus resonant) becomes zero at E* = Ey — I',/2kR) (k
and T',, are the resonant values of the neutron wave number and neutron width) while at
E< E* fo<Oandat E > E*, fo > 0. So according to (2), w; also changes its sign
at E* from plus at £ < E* tominus at E > E* if f; < 0. If f; > 0, the w; situation
is opposite. In its turn, the sign of f;, as we have already seen, depends on a,, and
E because f{¥ and f{’“' in (3) have opposite signs and different E-dependences. Thus,
observation of any changes in the sign of w; at certain E* from plus to minus or minus
to plus gives as minimum an upper or lower limit of a,,, respectively.

3. All necessary calculations can be performed using instead of Egs. (1) — (4) the
following equations based on [4] :

0’(19) =By + By COS’(9, wy = Bl/Bo, (5)
_ 1[.2 . 2 l Ff, I, sindg(AE cosdg + I'sin 50/2)
Bo—h72 [sm do + 3sin 61+4AE2+1"2/4 AE? 1 T%/4 , (6)
1 . . 3T, sin §; [AE cos(28y — &1) + I'sin(26p — 61)/2]
= - 5 -6 —

B, 2 {Gsm o sin &y cos(dp — &) AR+ T4

(7)
Here, the phase shifts are the sums of nuclear and polarizability terms
6 C 1 T

— _ '] e Wl - _= 2 ' P2

8o = —kRg + Squ’ 61 3(kR) kR; + 12k C, (8)

where R} and R are the s- and p-wave scattering radii, R = 1.35A/3-fm and R, =
= 1.20 A}/3.fm are the channel and charge radii, C = My,a,(Ze/h)? is a constant, M, is
the neutron mass, Z is the charge number of the nucleus. Also Eqs. (6) and (7) contain
the total width I" of the resonance and AE = E — Ey.
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To choose a proper resonance which can give a suitably low limit for ay, it is necessary
to solve the equation §; = O at the energy E* of this resonance. As a result, Eq.(8) gives

AR\ VE*

Z? ’
where R} is in fm and E* is in eV. It is just the value of a, for which one must not
see any peaks of w; around E*. A w; jump will be observed there with dw;/dE < 0 if
an < o}, and with dw;/dE > 0 if a, > of,.

4. Unfortunately, the even-even nuclei 233U and 232Th have a lot of p-wave resonances
which make f; an irregular one and therefore, they are not suitable for our purpose. We
find only seven suitable nuclei whose first s-wave resonances do not give too high o},
and have no known p-wave resonances at low energies. They are enumerated in Table
together with the necessary parameters. The approximate values of R; are obtained for
six nuclei from [5] by interpolation and for '82W from [6, 7). The scattering o, = 47 Bp
and capture o, cross sections are given for E = E*.

a, =14.7

0.3

176[-1f

6 7 8
E,eV E.eV
Fig.2. The singular pictures near resonances 4.16 eV of 82W and 7.93eV of 70Hf for different a,,
Two most informative nuclei have been chosen to illustrate (see Fig.2) the proposed

method of a,, observation. Doppler spreading is taken into account by the corresponding
integration of (6) and (7) as well as of the cross sections o, and o, in the Table.

Nucleus tfm | R\ ,fm | Eo,eV | E*eV | a},,1073fm3 | o0,,5 [ 04, b
8Hg 10.3 4.5 23.00 | 22.69 17 1.2 300
1880s 9.3 6.0 38.73 | 37.37 3.1 0.072 35
w 9.0 3.0 4.16 - | 3.94 0.5 0.23 260
178 uf 7.5 6.8 7.78 2.29 0.9 0.0004 | 16
170 Hf 7.5 6.8 7.93 6.34 L5 0.0076 | 33
170vp 7.3 8.0 8.13 | 7.95 2.1 0.67 | 380
2Dy 7.5 10.0 5.44 2.71 1.6 0.0058 | 72

5. Turning to the question of the experiinent we should emphasize in the first place
that there is no need to try to obtain a ”clean” picture of w; like those in Fig.2 when
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wy — 0 (or small value) on both sides of E*. The presence of some secondary effects,
such as the scattering anisotropy in the laboratory system, different detectors at different
angles, moderate backgrounds of various nature, etc., which cannot simulate a false wy
jump at E* is quite permissible. This is the main advantage of our method.

At the same time, the realization of said method is connected with considerable diffi-
culties. The principal one of them is the necessity to have a large amount of a high purity
isotope for manufacturing a scatterer together with the necessity to accumulate very high
statistics.

The isotope 82W seems to be the most promising instrument to set the first ex-
perimental lower limit of a,. The experiment can be carried out in Dubna on the
10 m flight path of the booster IREN under construction for the neutron intensity
2.7-105E7%°% cm~2.s71.eV~! (E in eV). It is necessary to build a set-up consisting of
an about 4 m aluminium vacuum tube and two identical detectors of many *He-counters.
The neutron beam goes inside the tube and hits a scatterer whose plane is at the angle
15° to the beam. One of the detectors is situated around the tube and counts neutrons
scattered backwards. Another detector is set near the tube and counts neutrons scattered
around 9 = 90°. In order to distinguish with confidence a singular w; picture of one
type from another, it is sufficient to collect ~ 5 - 10!° counts in the area of a smaller w;
peak (negative if a,, < 0.5, positive if a, > 0.5 or about zero if @, > 0.5) with the width
~ 0.18 eV. Using ~ 1000 g of an enriched to 99% isotope as a scatterer in the beam 40 cm
in diameter one will have the average over peak outlet probability of neutrons ~ 7-10~3.
The necessary statistics can be then reached in ~ 100 days, if each detector has the solid
angle 10% of 4n and the efficiency 40%.

In conclusion, some additional difficulties that the experimentalist may face should be
also mentioned. They are the background of delayed neutrons from the booster scattered
by the target into the detectors and the background of fast neutrons scattered into the
room and re-scattered to the detectors. Due to overload of electronics there may appear
the necessity to unlock the detectors only for the investigated interval of the time of flight.

This work has been made with the RFBR support, grant 97-02-16213.
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