Effect of rotation in the y-ray emission from 60 meV polarized neutron-induced fission
of the ?*U isotope
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In the paper we present the results obtained for the effect of rotation (ROT) in the angular
distribution of prompt ~ rays from the fission of 235U induced by monochromatic polarized warm
neutrons (E, = 60 meV). The polarization vector direction is determined at the target position in
order to correctly determine the sign of the measured effect. The asymmetry parameter was found to
be equal to R, = —(17.342.8) x107°. Moreover, the rotation angle of the fission axis was determined
to be equal to 0.069° £ 0.008° taking into account the fit results of the angular distribution of the
prompt fission  rays. The obtained value and sign of the ROT effect are consistent with the results
of the ROT effect obtained for cold neutrons. We describe the experiment, methodology of sign

determination, and implications of the results.

I. INTRODUCTION

Spin-angular correlations are a powerful tool for study-
ing any characteristics associated with spins, allowing us
to obtain new information about the mechanisms of re-
actions and decays [I]. Asymmetry in the angular distri-
bution of light and heavy fission fragments is a source of
information about the mechanism and dynamics of the
fission process (induced by « quanta, neutrons, charged
particles) and about the statistical properties of com-
pound states. In turn, the spin-angular correlations are
also sensitive to the violations of fundamental symme-
tries.

The beginning of the studies of spin-angular correla-
tions in nuclear fission was laid by the discovery in 1977
of the spatial parity violation effect in the fission of 239Pu
nuclei by polarized neutrons [2]. The effect consists in the
fact that there is an asymmetry of the emission (scale
10~%) of a light fragment along and against the direction
of the spin of the fissile nucleus.

The T-odd correlations in the ternary fission of 233U
nuclei by polarized cold (s-wave) neutrons were first dis-
covered by the authors of [3} 4] in 1997. The search for
this correlation [so-called left-right asymmetry or time
reversal invariance TRI effect] was carried out at the
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high-flux ILL reactor (Laue-Langevin Institute, Greno-
ble, France) by a collaboration, which included, in partic-
ular, Institute for Theoretical and Experimental Physics
of National Research Centre (ITEP) (Moscow), Peters-
burg Nuclear Physics Institute of National Research Cen-
tre (PNPI) (Gatchina), Physics Institute of University
of Tibingen (PI) (Tibingen), and Institute of Nuclear
Physics of Darmstadt Technical University (IKP) (Darm-
stadt). The asymmetry of the number of a-particle-
fission-fragment (FF) coincidences was measured exper-
imentally for opposite directions of the incident neutron
beam polarization

Nt - N~
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where N1 and N~ are the numbers of coincidences for
the neutron spin being parallel and antiparallel to the
vector product [ppr X po]. As a result, it was found that
the probability of emission of an « particle in ternary
fission perpendicular to the plane formed by the neutron
spin and the fragment momentum shows a pronounced
asymmetry, equal to Drry = —(2.3540.05) x 1072, And
for 23°U, from the same authors [5], an asymmetry is
obtained that is smaller in absolute value than for 233U
and with the opposite sign, which is equal to Drgr; =
+(0.76 4 0.09) x 1073,

As a part of further study of this asymmetry in the fis-
sion reaction of 235U nucleus by cold polarized neutrons,
it was discovered that, when reversing the polarization
direction of the neutron beam, the angular distribution
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of the long-range « particles is shifted by a small angle
(2A = 0.215° £ 0.005°) relative to the axis of fragment
emission [6]. The offset direction is determined by the di-
rection of polarization of the neutron beam. The authors
explained the discovered effect within the framework of
a semi classical model [6]. According to the model, af-
ter the capture of a polarized neutron by an unpolarized
nucleus, the resulting compound nucleus becomes par-
tially polarized. Thus, the fissioning nucleus acquires an
additional rotational component of the angular momen-
tum, which is collinear with the spin of a polarized neu-
tron causing the fission. After the rupture of the nucleus
neck, this additional part of the rotational moment of
the nucleus is transferred to the fission fragments, which
are emitted with an additional tangential velocity com-
ponent, directed perpendicular to the deformation axis
of the fissile nucleus. Thus, the axis of the fission frag-
ments emission at infinity will not coincide with the axis
of deformation of the fissile nucleus at the moment of the
neck rupture, but deviate from it by an angle dpp.

In the ternary fission, the trajectory of the a particle
also rotates along with the fission axis (its motion is sig-
nificantly affected by the electric field of the fragments).
Since the speed of the « particle is noticeably higher than
the speed of the fragments, the a particle does not have
time to completely “track” the change in the direction of
fragments emission relative to the initial axis of nucleus
deformation. That is, the « particle rotates, but more
slowly (by a smaller angle) than the fission axis. If the
fissile nucleus is not polarized, then the effect of the nu-
cleus rotation leads only to a certain “smearing” of the
angular distribution of « particles relative to the axis of
the fragments emission. In the case of a polarized nu-
cleus, there is a preferred direction of rotation, which is
defined by the polarization of the incident neutron. The
sign of this rotation angle drppr will be opposite for op-
posite directions of polarization of the fissile nucleus. It
is this phenomenon that is observed as the ROT effect
(from “rotation”), i.e., rotation of the fission axis rela-
tive to the angular distribution of « particles in one or
the other direction, depending on the fissioning nucleus
polarization [see Fig. [[[a)].

Since the detection angle of the « particle is experi-
mentally measured from the final direction of the light
fragment motion, the angular shift, that was observed
through the polarization of the compound nucleus, is the
lag angle A of the a particle compared to the angle of
the fission axis deflection. It is necessary to mention that
in the experiment we can see directly only the double lag
of ternary particle relative to the fission axis deflection:
2A = 20 — 0') = 2(6pp — 64) [see Figs. (a), (a)).
Trajectory calculations are required to determine the ro-
tation angle of the fission axis dpp (the value of the ROT
effect) in ternary fission [7].

In [§], the authors obtained the same sign for the coef-
ficient of the ROT asymmetry in the angular distribution
of a particles from ternary fission of 223U nuclei induced
by cold polarized neutrons as in the ternary fission of
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FIG. 1.  The scheme of the formation of the shift in the
angular distribution (a) of a particles from ternary fission
and (b) of v rays from fission fragments with respect to their
measurement detection. Prr, Pgr are the initial directions
of fragments; P, is the a particle motion at the moment of
scission. ”"+4” and ”-” label the final object directions for
opposite directions of the neutron polarization.

235U nuclei, but a smaller value, equal to 2A = 0.021° £
0.004°.

According to the model, which was first proposed by
Novitsky in [9] and described in detail in [T0], the same
behavior, but with opposite signs is expected for the ROT
asymmetry in the angular distribution of prompt ~ rays
emitted in binary fission. Contrary to the « particles in
ternary fission, emitted nearly perpendicular to the fis-
sion axis, the v rays from fission fragments are emitted
preferentially along the fission axis (see, e.g., [11], 12], 28].
The anisotropy of the ~-ray emission is much smaller
than that of the « particles, and is caused by the align-
ment of the fission fragment spins along the fission axis
[13]. Due to the angular momentum conservation law,
the orientation of the fragment angular momenta (spins)
remains the same with respect to the initial direction of
the deformation axis of the fissioning nucleus, while the
fission axis rotates by the angle dpp, as in ternary fis-
sion. Experimentally, this rotation can be observed as



FIG. 2. Model of the ROT effect (a) for a particles and (b)
for v quanta. The solid line shows the angular distribution
of the a particles from ternary fission and of v quanta from
binary fission relative to the fission axis. Dashed and dotted
lines show this distribution for two polarization directions of
the neutron beam.

a shift in the angular distribution of the ~ rays with re-
spect to the fragment emission direction, depending on
the neutron polarization [see Fig. [[(b)]. It is impor-
tant to note that for v quanta, in contrast to a particles,
the determination of the rotation angle does not depend
on complex trajectory calculations and is, in this sense,
model-independent.

Figure 2] shows the angular distributions of the a par-
ticles from ternary fission and of the gamma quanta from
binary fission relative to the fission axis. From Figs. a)
and 2 (b) one can see that, at the same angle of parti-
cle detection relative to the fission axis and for the same
angle of rotation of the fission axis dpp, the asymmetry
coeflicients for « particles from ternary fission and for

quanta from binary fission calculated by formula will
be opposite (for « particles, the detector counts more at
N7, and for 7y rays at N7). If the signs of the asymmetry
were the same, this would mean that in ternary fission
the nucleus rotates in one direction and in binary fission
in the opposite. Such a situation is hard to imagine, since
the nucleus does not know in advance how to decay.

An experiment to study the ROT effect in the angular
distributions of prompt 7 rays and neutrons was first
carried out by the authors of [9, [I5]. The resulting sign
of the ROT asymmetry at a certain angle turned out to
be the same as for « particles of ternary fission. Later on,
in [I6] the sign of the effect was changed to the opposite
and became consistent with the sign for « particles of
ternary fission. Moreover, in [I6] the ROT effect in the
binary fission of 233U and 225U nuclei by polarized cold
neutrons was measured simultaneously using the same
setup. The target was composed as a “sandwich” made
of 233U and 23°U targets having the same parameters.
As a result, it turned out that the ROT effect in the
angular distributions of prompt 7 rays in binary fission
of 233U has a different sign than the similar effect in the
binary fission of 23U, while the signs of ROT effect for
the « particles for the same nuclei are identical. These
discrepancies demonstrate that either the results of the
measurements of either of the groups are not accurate
enough or that the model of the ROT effect is not valid
and there is another mechanism that is responsible for
such behavior of the effect for different fissioning systems.
The values of the ROT effect for prompt  rays in binary
fission, obtained by this group are shown in

The dependence of the ROT effect on the energy
of neutrons, causing the fission, was studied by our
group (including measurement in the isolated resonance
of 23°U) [17, [18]. The current work is devoted to the in-
vestigation of the ROT effect in binary fission of 235U in-
duced by polarized, monochromatic neutrons with energy
of 60 meV. Special attention was paid to determining the
sign of the measured effect.

II. DESCRIPTION OF THE EXPERIMENT

The experimental measurements were carried out at
the Heinz Meyer-Leibniz research neutron source (FRM
IT reactor) of the Munich Technical University in Garch-
ing (Germany). The experiment used a polarized neutron
beam provided by the POLI diffractometer [I9] 20]. On
POLI Cu-mosaic and Si-perfect crystal, variable double-
focusing monochromators are employed to produce an
intense monochromatic beam of required energy.

The neutrons were polarized using a *He neutron spin
filter cell [21],22]. A second spin filter cell was also used
as an analyzer for measuring beam polarization. Polar-
ized 3He gas for the polarizer and analyzer cells was cre-
ated by two different optical pumping methods: SEOP
(spin exchange optical pumping) and MEOP (metastable
exchange optical pumping), respectively. The spin-



TABLE I. The values of the ROT effect for prompt 7 rays in binary fission for two different isotopes of uranium

ITEP group, ROT asymmetry at the angle 67.5 deg in 10~° units)

Reference [9] | Reference [15]

Reference [16]

23U +12.1+44.9 | 420.9+2.4

-20+1.8

deU

+6.8+2.4

exchange method is convenient and combines well with
continuous beam work. An in situ He polarizer was con-
structed for the TOPAS instrument which has very sim-
ilar neutron beam dimensions and energy to the POLI
instrument [23]. This in situ polarizer system was avail-
able and therefore installed on the POLI instrument for
this experiment. The degree of neutron beam polariza-
tion was close to 100 % and was calibrated to 99.2 %,
which remained constant during the experiment with a
highly stable neutron transmission of 22% for the 60 meV
neutrons used, corresponding to an 81% 2He nuclear po-
larization. Figure [3] shows a general view of the SEOP
polarizer.

o
\ \
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cooling unit

Polarizer box
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FIG. 3. SEOP polarizer with a roof mounted cooling unit
and the control system.

The analyzer cell was polarized in an external labora-
tory using the MEOP method. Then, the polarized cell
was transferred to the beam. To preserve polarization
in the absence of optical pumping, the analyzer cell was
placed in special magnetic housing with a highly homo-
geneous constant magnetic field [24]. The polarization
of 3He in the cell exponentially decreased with the time
constant of about 65 h (due to relaxation), therefore an-
alyzer cell was replaced every 48 h.

To transport a polarized neutron beam, a specially de-
signed spin control system was used, consisting of several
p-metal shielded magnetic coils, which also made it pos-
sible to rotate the spin by 180° (flip) in a given position
every 1.3 seconds [24].

The studied target was uranium oxide-protoxide
25U305 (99.99%), deposited on both sides of a ~ 30um
thick aluminum backing with a size of 50 x 110 mm?.
The size of the uranium layer was 40 x 100 mm?, the
thickness of each uranium layer was about 1 mg/cm?.

The total amount of fissile material in the experiment
was about 82 mg. The target was located with its long
side along the direction of the incident beam of polarized
neutrons.

The fission events were recorded by two fragment
detectors—low-pressure position sensitive multiwire pro-
portional counters (LPMWPC)—placed parallel to the
target on both sides (see Fig. ). During the measure-
ment the total number of recorded fission events was
2.8x107.

FIG. 4. Picture of the low-pressure position sensitive multi-
wire proportional counters. 1 - fissile target, 2 - start detector,
3 - segmented stop detector.

The studied target and two fragment detectors were
enclosed in a stainless steel vacuum-proof fission chamber
filled with tetrafluoromethane gas (CF4) at a pressure of
about 10 mbar. In order to avoid neutron depolarization
the entrance/exit windows of the chamber are made of Al
alloy. For precise positioning of the target in the beam,
the whole chamber is placed on a remotely controlled mo-
torized rotation and translation stages. Prompt fission
~-ray detectors are located outside the fission chamber.
Each of these detectors is a plastic scintillator. Eight
cylindrical plastic scintillators with a diameter of 70 mm
and a length of 120 mm, optically connected to a photo-
multiplier tube, wrapped in an antimagnetic screen and
placed in a sealed steel case were inserted in a holder at
a distance of about 30 cm from the target center.

The total time allocated for the experiment at the
POLI instrument was 37 d.

III. EXPERIMENTAL METHOD

The sign of the ROT effect depends on the rotation
direction of the nucleus, which is determined by the spin



value of the compound nucleus. When a nucleus with
the spin of the ground state I captures an s wave (L =
0) thermal or low energy neutron, the states of the com-
pound nucleus with spins J =1 + 1/2and J =1 -1/2
are formed. For the I 4+ 1/2 state, the direction of nu-
cleus polarization coincides with the direction of neutron
beam polarization, while for the I - 1/2 state, it is the
opposite.

In the experiment, longitudinally polarized neutrons
were used (the neutron spin is directed forward and back-
ward along the particle momentum). Let the y axis be
directed along the neutron beam (see Fig. [5)).

'112,50

FIG. 5. The experimental layout for measuring the ROT
effect in binary fission of 233U induced by polarized, ” warm”,
monochromatic neutrons.

The target is located at the origin. Fragments emitted
along and against the z axis are recorded by LPMWPC.
The LPMWPC is a system consisting of start and stop
detectors. The start detectors were placed at a distance
of 1 cm, and stop detectors at a distance of 11 cm from
the target. Each stop counter consists of five indepen-
dent segments at the angles of 0, £22.5°, +45° on the left
and +135°, +157.5°, 180° on the right side of the target
(Fig. [)). ~-ray detectors are located around the tar-
get. The detectors ensure measurements of coincidences
of prompt fission ~ rays with fission fragments at angles
of £22.5°, +67.5°, £112.5° and £157.5° with respect to
the mean axis of the detection of fragments. Double hits
in the ~ detectors could not be distinguished electron-
ically. They were recorded as single pileup events and
were not treated in any special way. Coincidence pulses
from eight independent plastic detectors with each pulse
from ten segments of the stop detector form 16 differ-
ent angles between the axes of fission fragments and
detectors in the experiment:

9:Plang_FFang (2)

where F'F,,4 and Pl,,, are the angular positions of the

segments of the fission fragment stop detector and ~y-ray
plastic detectors, respectively.

A. Methodology of sign determination

Generally, in the algorithm for processing the obtained
data, the positive sign of the measured asymmetry at 45°
(see Figs. [I| and [2) is associated with the right-handed
rotation of the fissile nucleus, which occurs when the po-
larization direction of the fissile nucleus coincides with
the polarization direction of the neutron beam. Denoting
the v ray counting rates for the selected angle between
the detectors in two opposite directions of neutron polar-
ization as N*(6) and N~ (6), respectively, we introduce
the asymmetry

Dy N0 - N-(0) ;

( )_N+(9)+N*(9) 3)
In Eq. (3), we assume that N*(0) corresponds to the
spin parallel to the beam direction (right polarization)
and N~ (0) to the spin anti parallel to the beam direction
(left polarization).

In order to correctly determine the sign of the mea-
sured asymmetry, it is necessary to follow all transfor-
mations of the neutron spin from the polarizer to the
analyzer. It is imperative to determine which states cor-
respond to N*(f) and N~ (0) in reality. First, we de-
termine the initial direction of the neutron spin after the
polarizer. The magnetic field in SEOP was directed verti-
cally downward (experimentally defined as the direction
of the red compass needle). However, the polarization
of 3He nuclei in the cell was directed against the SEOP
field. This means that the spin direction of the neutron
beam after the polarizer coincides with the polarization
of the 3He gas, since for a sufficiently thick 3He layer al-
most all neutrons with antiparallel spin orientation will
be absorbed, while almost all neutrons with parallel ori-
entation will pass through the layer of this gas.

After the polarizer, the neutrons pass through the spin-
control system. Two similar devices S1 and S2 have been
used in immediate vicinity to the fission chamber: one
between the polarizer and the fission chamber to control
the incoming polarization vector (as a spin-flipper) and
another one after the fission chamber before the analyzer
in order to monitor the polarization value and calibrate
the setup (see Fig. E[) The magnetic field inside both
devices is directed horizontally and perpendicular to the
neutron beam. Incoming vertical polarization precesses
around the field by 90° toward the beam propagation di-
rection. By flipping the field direction in the coil the spin
is turned backwards or antiparallel to the beam propaga-
tion. In this way, by alternating the current in this coil,
the incoming polarization is flipped by 180° every 1.3 s.
The device in front of the analyzer was used to measure
the polarization; it turns the neutron spins by 7/2 around
the z axis, always in the same direction. Thus, the beam



polarization becomes parallel or antiparallel to the verti-
cal analyzer field. The analyzer is completely analogous
to the polarizer; it passes only neutrons whose spins are
parallel to the spins of *He nuclei. In the analyzer cell,
the polarization of *He nuclei is also directed against the
analyzer field. According to Fig. [6] the neutron detector
after the analyzer should count more when the neutron
spin on the target is directed against the neutron mo-
mentum (left polarization), and less when the spins is
directed along the neutron momentum.

Data from all detectors were recorded during the 1.3
s interval up to the next spin flip, i.e., stored along with
the information about the direction of neutron beam po-
larization. Opposite directions of the neutron spin are
recorded in the data files as “0” and “1”. From these
files, it was determined that the neutron counter after the
analyzer counts more when the spin is “0”. This means
that the spin value “0” in the data file corresponds to
the state when the neutron spin is directed against the
neutron momentum.

IV. RESULTS AND DISCUSSION

Following the works [9] [10], the ROT effect is the direct
consequence of the appearance in the rupture process of
a strongly deformed fissioning system with large angular
momenta of the fission fragments [I3]. These momenta,
which are oriented perpendicular to the fission fragment
axis of symmetry, are conserved up to the time of the -
quanta emission (> 107! s) and lead to the well known
angular anisotropy of the v quanta emission relative to
the fission axis:

N(0) ~ 1+ Acos?(0), (4)

where A is the coefficient of the angular anisotropy re-
lated to the large angular momenta of the FFs. The
coeflicient of angular anisotropy A was also measured in
this work and corresponds to the same v-ray energy inter-
val and the same geometrical configuration of detectors
that was used for the ROT effect for prompt y-quanta
observation (Fig. [7)).

Using the expressions and (4]), after some simple
transformations one can get the following formula for the
ROT asymmetry coefficient value:

- —A(;FFSin(ZQ)
D) ~ 1+ Acos?20 ' 5)
where dpp is angle of rotation of the fission axis as shown
in Figb). The coefficient of the angular anisotropy was
found to be A = 0.1570 + 0.0053 by fitting the angular
distribution of the prompt v rays emitted in binary fission
by formula .

To determine the effects of the T-odd asymmetry for
prompt v rays in fission, calculated by the Eq. , we
used a specially written computer program [26]. Figure

shows the obtained angular dependence approximated
by the following function:

D(8) = Rysin(20), (6)

where R, is the asymmetry parameter. For prompt vy
quanta from fission of 23°U by “warm” polarized neu-
trons, the asymmetry parameter was found to be R, =
-(17.3 £ 2.8) x 107° (see Fig. [§).

Comparing [5| and |§| one can write dpp = —R,(1 +
Acos?0)/A. This angle characterizes the rotation of the
fission axis in binary fission, corresponding to the angular
shift for the «-quant angular distribution. Finally, the
rotation angle is dprp = 0.069° £ 0.008° for the case of
235U binary fission with the subsequent emission of -y
quanta.

According to [27] angular velocities for two values of
the 236*U compound nucleus, J = 4 and J = 3, have
different signs, indicating opposite directions of fissioning
system rotation. But the sign and size of the effective
angular velocity and, therefore, the sign and magnitude
of the ROT effect also depend on the partial fission cross
sections; more precisely, on their ratio. In the thermal
neutrons region the partial fission cross section for J =
4 is approximately 2 times larger than the corresponding
value for J = 3. Furthermore the positive partial angular
velocity of the state J = 4 exceeds in absolute value the
negative rotational speed of the compound state J = 3.
As a result, in this region a positive and sizable value of
the ROT effect was obtained [10]. Practically the same
results were expected for “warm” neutrons, where the
partial cross-section ratios were approximately the same.

The obtained result can be compared to the corre-
sponding value for 23°U, obtained with thermal neutrons
in [10] 0pF = 0.103° £ 0.028°. It follows that the effect is
somewhat smaller than that in thermal neutron-induced
fission, though it can be also stated that they coincide
within the error limits. The obtained rotation angle for
binary fission can be also compared to the the rotation
angle of the fission axis for ternary fission: dpp(TF) =
0.18° £ 0.02° [27]. We confirm the conclusions of the au-
thors of [27] that both angles of rotation of the fission axis
in ternary and binary fission have the same sign, and the
absolute value of the angle is somewhat smaller in the bi-
nary case. This may be an indication of different scission
configuration in these two cases, resulting in different av-
erage moments of inertia of the fragments. The smaller
value of the fission axis rotation angle obtained for the ~y
ROT effect in binary fission may be also connected with
the mechanism of fragment spin formation. As suggested
n [28], fragment spins are generated in the post-scission
phase as two independent torques caused by snapping of
the nucleons forming the neck region. In this case, our
initial statement that fission fragment angular momenta,
and consequently v ray angular distribution, are oriented
relative to the fission axis deformation as scission and do
not rotate with the fragments, appears not completely
true. If the spins of the fragments are formed after scis-
sion, the axis of the fragment spin alignment can also



FIG. 6.

The direction of the magnetic field and the neutron spin in the space between the polarizer and the analyzer. P:

SEOP polarizer; Ch: fission chamber; A: analyzer; D : neutron detector; S1, S2: spin control coils. The blue arrow in the figure
indicates the direction of the magnetic field, the red arrow direction of the neutron spin.
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FIG. 7. Angular distribution of v rays relative to the fission
axis.

o
w

o ©
I \b)
AN RARRRRRRRR RRR
——
R .

|
o
-

Asymmetry D(®) (10°%)
Q

|
o o

o -
LAY AR ARy’

b bl

&

1 Il 1 1 Il 1
50 100 150 200 250 300 350
Angle (deg)

|
o
w

o

FIG. 8. Asymmetry ratio D as a function of angle for the
gamma-rays.

slightly rotate which will result in the smaller observed
ROT effect and smaller angle of rotation of the fission
axis, determined by such method.

CONCLUSIONS

The ROT effect was measured in the angular distri-
butions of prompt + rays from the fission of 23°U nuclei
induced by monochromatic polarized “warm” neutrons.
This effect is expressed in the rotation of the correspond-
ing angular distribution relative to the axis of the frag-
ment emission in the case of fission of a polarized nucleus.

Obtained results provide new evidence that the 236U
compound nucleus, through which the fission reaction of
the 235U nucleus by “warm” polarized neutrons occurs,
is in a state of collective rotation, which is transferred to
fission fragments in the form of orbital angular momen-
tum. This result is of great importance for understanding
the fission mechanism and can be useful for theoretical
calculations of fission barriers.

The value dpr was also found, which characterizes the
angle of rotation of the fission axis. This value of the
rotation angle of the fission axis in binary fission of 23°U
is of great importance for assessing the ROT effect. It
should be noted that there is a difference between the
rotation angle of the fission axis in the ternary fission
and the rotation angle observed in this experiment. The
latter angle is 2.5 times smaller than that for o particles
from ternary fission [27]. In the experiment to measure
the ROT effect in binary fission, we do not have a deflec-



tion of the 7 rays (as in ternary fission from « particle)
and, therefore, we can only register the rotation of the
fission axis. An accurate correlation between the two ro-
tational angles of the fission axis (in binary and ternary
fission) can help to clarify these fission configurations.
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