








Now experimental values of n-BHe scattering lengths -
two alternative ats - can be obtained by measuring the
neutron coherent scattering length and total thermal scatte-
ring cross-gection. The measurements, however, are complica-
ted by the large absorption cross-section due to the negative

resonance discovered in ref.5), which appears to be connec-

ted with the first excited 0% state of 4He at 20.2 MeV.
The choice of the right set requires the presence of pola~
rized neutrons and polarized 3He nuclei,

The first step in this direction had already been

6)

made in ref,”’, where the coherent scattering amplitude on
3He was meagsured. In the present work we undertaken the to-
tal scattering cross-section measurements, It was done by
comparing n-BHe scattering with n-4He scattering in the
same geometry using the gaseous samples.

The intensity ( N(B) ) at 90° is connected with the
total scattering cross-section & by the relation:

d'e .
N(E)- N < Kne Ate) [§ 925 fee)dade’ ()

where NB(E) i1s the background, K 1is the constant
depending on the experiment geometry and neutron

flux ; n 1s the thickness of the sample, A(E) 1is
the absorption correction for the transmission of

the neutron in gas before and after scattering; f(E,ﬁ) is
the detector efficiency. The expression for d'e/d . de’
is of the conventional type (see for example ref.7)) but
for & which is taken out of the integral. It is evident

that a comparison of the scattering intensities of 3He and

4He involves & calculation or integrals in eq.(2). Accor-
ding to our calculations, the difference between the inte-
grals for 34e and *He is small (2 + 5 %)depending on energy)
and depends mainly on the factor jf(E)E’).

Figure 1 shows the experimental arrangement. The cir-

cular detector consisted of 50 helium counters at a distance

Pig. 1. Experimental lay-out:
1, - vacuum neutron guide; 2.- collimators,
3, - shielding; 4 - helium counters; 5. - cad-
mium cylinder with diaphragma; 6. - containers

for the samples under investigation.



of 40 cm fron the sample, The counters had a view for a 240 60 20 E,nB

4 cm distance along the beam. Pyrexglass or aluminium coun-
N

ters of dimensions ¢ 12 x 20 et were installed in z L
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(10)

the opening. The neutron beam was collimated to ¢ 6 cm. i

o — .
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The gaseous sanples at different pressures were used : {‘
850410 and 650+10 torr %4e ana 258410, 50+0.5, 3040.5 torr ) 10
3He. Helium=-4 and helium-3 of high purity were additionally
purified while filling the containers using cryosorption

trap. Beforehand, the containers were pumped out up to high 5 r \tﬂﬂfi:::

vacuum during the 150 T heating, so that the leakage was

less than 2 x 1077 torr per 24 hour.

The measurements were carried out at the pulsed reac-

0
tor IBR-30 by the time-of-flight method at 35 m flight path - w0 300 0oy
and using the analyzer with 80 Jusec channel width, The exam-
ples of the time-of-flight spectra for 4He, 3He and backgro- )

Fig., 2. Neutron scattering intensity > N versus channel
und are shown in fig.2, The background was measured after the
number t
gas evacuation under continuous cryopumping with the help 4
-4 1e = "He | 850 torr
of the cryosorption trap providing vacuum better than 10 3
2, - “He 50 torr

torr. This procedure was conducted without any displacement ,
3. - background N (&)
of the container.
2. N is the number of counts during 4 hour measuring
In the first runs of measurements where the glass con- &
ime,
tainers were used a background was observed. Its intensity

for 4He was nearly 85% of the total scattering intensity at

1 eV and 60% at 50 meV. The background consisted of a crease in background intersity because of the ceasing of

small constant component due to the fast delayed neutrons and absorption after the scattering on the walls. Therefore, we

of a large variable component dependent on the energy of in- m applyed the background correction(i-A) , which was 10% at

. . : 3
cident neutrons. It was shown that the background was mainly ' 40 meV and less at higher neutrcn energies ( He sample

due to the double scattering from the front (or back) wall at 50 torr).

through the side wall to the detector. In such a case our

procedure of background measurements for 3He leads to the in-



Purtiier rmns were done using aluminium container with — T

cadmium diaphragms inside. Thanks to this the background va- S as 30
riable component was decreased by a factor of 4 and only f Su b :;ss:L
halt of the remained variable background resulted from double : %
scattering. ‘ 30 } # *M #:& ++ H#{’ + ‘{!’L
The reactor power was monitored during the measurements %

by two monitors. The detector efficiency was checked in "satel- ? 20 ]
lites" which are the fast neutron background peaks speci-
fic for the pulsed reactor. The calculated cross section errors 10 L L
were malnly due to the one per sent of monitoring accuracy in 001 ot 0 E s
the measurements of the effect-background difference. Fig.3
presents the scattering cross sections of 3He obtained (using é Fig. 3. Total scattering cross section of ’He versus energy

& YHe¢)= 0.8 b) as a function of energy. From it follows i of incident neutrons. Open and full points represent
that the weighted mean value is: i the results of measurements with glass and aluminium

: container, respectively.
& (3de) = 3.16 + 0,20 b . aa, , ' :
. 12 3 |
The measured value & ()He) 1s a little less than the n-He

theoretically predicted(S =3.5 b in ref.8) obtained from the .

charge-invariant phase-shift analysis of experimental data in 1

different nucleon - 3A reactlons. 6

a, (6}
The quantities 8¢ oh and € are connected with neutron
scattering lengths a, and a  for JHe by the known relati-~ 3 G=36b
ons:
s/ =3 Btz + 852 ’ 4acoh =3a, +a, ) 1 .

The experimental data for a_ .. ‘8] and & ({present work) T 0 3 6 9 12 a,

in the a, , V3 a, plane are shown in fig.4 along with ; Fig.4. The experimental data for the coherent length [6]
their errors. Two alternative experimental sets of mean scat- and n - 3He scattering cross-section & (present
tering lengths on 3y, follow from fig.4 : work) in the asyg 8, plane; ® - theoretical re-

sult [3] .



a, = 5.3 fm or at=3-4 fm
ag 1.0 fm as=8.0 fm

The second set is consistent with theoretical estimation (1),

1

Uncertanties in scattering length values for every set are
rather great and mainly depend on the 8,0n 8TTOT. Further im-
prcving of the 3s0n value is desirable. The other way of im-
proving the scattering length values is connected with polari-
zation experiment, It defines the line a, = ka_, intersecting
the circumference 2t right angle, the true set of the scattering

length being chosen simultaneously.
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