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We describe measurements of the parity-violating (P -odd) triton emission asymmetry coefficient aP -odd in the
6Li(n, α)3H reaction with polarized cold neutrons. Experiments were carried out at the Petersburg Nuclear Physics
Institute (Gatchina, Russia) and at the Institut Laue-Langevin (Grenoble, France). We employed an ionisation
chamber in a configuration allowing us to suppress the left-right asymmetry well below 10−8. An additional test
for a false asymmetry due to eventual target impurities (“zero test”) resulted in a0-test = (0.0 ± 0.5) × 10−8. As
final result of this series of experiments we obtained aP -odd = (−8.8 ± 2.1) × 10−8.
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I. INTRODUCTION

Neutral weak currents were predicted by the unified theory
of electromagnetic and weak interactions and discovered in
1973 in scattering of muon-neutrinos by electrons or nuclei
[1–3]. In 1978 a neutral weak current was observed in
low-energy physics as a P -odd rotation of the polarisation
of a laser beam passing through atomic bismuth vapors [4].
The existence of neutral currents in lepton-lepton and lepton-
nucleon interactions led to numerous attempts to discover
experimentally neutral currents also in nucleon-nucleon (NN )
interactions in nuclear reactions. As the weak interaction is too
short-ranged for a direct exchange of weak bosons between the
nucleons (hard core repulsion due to the strong interaction),
NN processes are dominated by strong interaction. To describe
the contribution of weak interaction, the problem is often
parameterised in terms of single (π, ρ, ω) and multiple (ππ )
meson exchange with one weak and one or more strong
vertices (see [5,6] for reviews). The physics of weak boson
exchange (W±, Z0) is thus hidden in the weak vertex. Within
this parameterisation, the neutral and the charged weak
currents are described by the coupling constants fπ and h0

ρ ,
respectively. Several models attempt to link these couplings to
more fundamental theory. The quark model by Desplanques,
Donoughe, and Holstein (DDH) predicts as “best values”
fπ = 4.6 × 10−7 and h0

ρ = −11.4 × 10−7 within “allowed
ranges” [7]. The soliton model of the nucleon by Kaiser and
Meissner (KM) [8,9] predicts lower values for these couplings.
This reflects the difficulties of these models.

During last years the weak NN interaction effects have
been analysed actively in the framework of the effective field
theory [10–12]. This approach is more general and systematic
compared to the one-meson-exchange model. Any way one
needs new precise relevant experimental data in order to verify
theory.

In order to get experimental information on the weak
contributions to NN processes, the violation of spatial parity,
specific to weak interaction, is commonly used as filter against

the otherwise dominating strong interaction. Parity violation
in NN interactions has been observed in various processes in-
volving few-nucleon systems and more complex nuclei. While
the observation of parity violation in proton-proton scattering
is a manifestation of charged weak currents in accordance with
theory [13,14], no observation has yet been claimed for neutral
weak current contributions in NN -interaction in nuclei.

A popular system for the theoretical and experimental
investigation of P -odd effects is the radiative neutron capture
by protons, n(p, γ )d. As shown in Ref. [6], the coefficient
Aγ of the P -odd asymmetry for γ emission depends on
the weak neutral current alone, Aγ = −0.11fπ . The best
value of the DDH model for fπ corresponds to a P -odd
asymmetry in the order of 2 × 10−8. The model of KM predicts
an even smaller value. To perform a statistically significant
measurement of such a tiny observable, the asymmetry needs
to be measured with a sensitivity of at least 5 × 10−9. Such
sensitivity has never been achieved experimentally despite
intense efforts [15,16]. A significant experimental difficulty
is the cross section for neutron absorption being much smaller
than for scattering.

Much larger parity violating effects were observed in
neutron-induced reactions involving medium size and heavy
nuclei, where peculiar enhancement effects may occur [17].
However, due to limited knowledge of nuclear wave functions
the extraction of weak interaction constants from these reac-
tions seems impossible [6]. On the other hand, considerable
progress has been made in the theoretical description of light
nuclear systems involving up to ten nucleons, starting from
phenomenological potential models for NN interactions and
including three-body forces. It is a hope that in foreseeable
future effective field theoretical approaches will challenge
experimentalists with a parameter-free description of light
nuclear systems. Still lacking such a description, we analyse
our data using a cluster model. In this approach the interaction
of neutrons with light nuclei is considered as a few-nucleon
reaction, influenced by the potential of one or a few α-particles.
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Then the problem can be formulated in terms of constants of
the meson-nucleon interaction. In [18] this model has been
employed to the following system of light nuclei for excitation
energies below 20–25 MeV:
6Li → α + n + p → α + d ′, 7Li → α + 2n + p → α + t,

(1)
9Be → 2α + n, 10B → 2α + 2N, 11B → 2α + 3N.

As an example, the model predicts 70% clusterization of the
6Li nucleus in the form of an α particle and a deuteron d ′
deformed by the α particle potential. Therefore the reaction
6Li(n, α)3H can be considered as a three-body reaction
between a neutron, an α particle and a deuteron d ′:

n + {αd ′} → {nd} + α. (2)

The P -odd asymmetry coefficient aP -odd for triton emission
in 6Li(n, α)3H was calculated in [18] in terms of the constants
h0

ρ and fπ :

aP -odd ≈ (−0.45fπ + 0.06h0
ρ

) = −2.8 × 10−7. (3)

The numerical value employs the DDH “best values” for
the weak constants. The P -odd asymmetry coefficient for
emission of γ -quanta in the reaction10B(n, α)7Li∗, 7Li∗ →
7Li + γ [19] was calculated as

aP -odd ≈ (−0.078fπ + 0.028h0
ρ

) = −0.7 × 10−7. (4)

Hence, a measurement of the asymmetry coefficients for
these two reactions will allow us to derive values for the neutral
and charged weak interaction constants. In our experimental
programme we investigate the P -odd asymmetries in the
reactions 6Li(n, α)3H (asymmetry of triton emission) and
10B(n, α)7Li∗, 7Li∗ → 7Li + γ (Eγ = 0.48 MeV) (asymme-
try of γ - [19] or α-emission [20]). Compared to n(p, γ )d these
reactions have the advantage that the expected asymmetry
values are significantly higher. The experiment is also much
easier to implement, due to large neutron absorption cross
sections in the order 1000 barns, which allows us to make
effective use of the available neutron flux. Present intense
neutron sources provide sufficient statistical sensitivity for
the detection of nonzero P -odd effects even in light nuclear
systems. In this paper we present the final results of the
6Li(n, α)3H experiments.

II. PRINCIPLES OF THE EXPERIMENT

The measurement of the P -odd asymmetry in 6Li(n, α)3H
with a precision of 10−8 faces two principal challenges: to
obtain the necessary statistics and to suppress possible false
effects.

In order to collect 1016 events, a strong neutron beam has
to be used, providing count rates of typically 1010 s−1. At such
rates, direct counting is not possible anymore and an integral
technique of the event detection was used. The integral method
of the P -odd asymmetry measurements was proposed first by
Lobashev [21,22]. To distinguish α and triton, one can use the
different range of these two particles in material and stop the α

in a foil of adequate thickness. The triton is then detected in an
ionisation chamber. In the current integral detection method,

the signal results from the energy deposited by the different
tritons averaged over the accepted emission angles.

The left-right asymmetry coefficient aLR of the reaction,
describing the triple correlation �σn · [ �pn × �pt ] of neutron spin
and the momentums of neutron and triton, is aLR = (1.06 ±
0.04) × 10−4 [23]. False effects due to an admixture of this
asymmetry have to be suppressed by choosing the average
emission angle of the triton, the neutron spin, and the neutron
momentum all parallel with a precision of ε ∼ 5 × 10−3. Then
the false effect, proportional to ε2, will not exceed 2.5×10−9.
Variations in the reactor power need to be compensated by
measuring neutron spin and triton emission parallel and anti-
parallel at the same time. False effects due to reactions with
nuclei in the detector material or due to impurities of the target
have to be avoided by proper choice of materials and were
investigated by a zero measurement.

III. THE NEUTRON BEAMS

We performed three measurements of the P -odd asymmetry
of triton emission in the reaction 6Li(n, α)3H. A first run
was carried out at the vertical neutron beam at the VVR-M
reactor in the Petersburg Nuclear Physics Institute (PNPI,
Gatchina, Russia) [24]. Two more runs were performed at
the cold neutron beam facility PF1B at the Institut Laue-
Langevin (ILL, Grenoble, France). There the mean neutron
wavelength is 4.7Å. Further beam characteristics can be found
in Ref. [25]. The first run at PF1B was carried out using a
focusing supermirror neutron polarizer with a cross section of
100 × 50 mm2. In the second run a supermirror polarizer with
a cross section of 80 × 80 mm2 (beam width 60 mm) was used.
The total flux of polarized neutrons was about (4–5) × 1010s−1.
The neutron spin direction could be inverted by an adiabatic
spin flipper [26]. The neutron beam polarization after passage
through the ionisation chamber was checked using a super
mirror polarizer as analyser. The product of polarization,
analyzing power and flipping efficiency was P = 0.88 in the
first run at the ILL, and P = 0.94 in the second run.

The width and the height of the neutron beam were reduced
inside the ionisation chamber to a size smaller than the targets
using three collimators made of 6LiF. The vertical deviation
of the neutron beam from the chamber axis was smaller than
5 mm/m. The chamber was installed on concrete blocks in
such a way that the horizontal deviation of the beam from the
ionisation chamber axis was also smaller than 5 mm/m.

IV. THE IONIZATION CHAMBER

The total kinetic energy release of 4.78 MeV in the reaction
6Li(n, α)3H is shared among the reaction products as Eα =
2.05 MeV and Et = 2.73 MeV. Since the penetration length
for the tritons is five times larger than for the α particles,
the latter can be stopped completely by an Al foil without
stopping the tritons. No further discrimination is then needed
which allows us to use the integral detection method in an
ionisation chamber. A target consisted of a 6LiF layer with a
thickness of (400–500) µg/cm2, evaporated onto an aluminium
foil with thickness 14 µm and covered by an aluminium foil

035501-2



MEASUREMENT OF THE PARITY-VIOLATING TRITON . . . PHYSICAL REVIEW C 77, 035501 (2008)

1

4 3 

2

5

nσpn

FIG. 1. Sketch of the ionisation chamber placed in the neutron
beam: 1-ionization chamber; 2-6LiF beam-stop for absorption of
neutrons at the chamber exit; 3-solenoid for guiding the magnetic
field; 4-grids and 6LiF targets; 5-base plate of the ionization chamber.

of the same thickness. Tritons entering a foil under flat angles
may be stopped. This effect was taken into account in the
average cosine of the triton emission angle〈cos(�σn, �pt )〉 =
0.75, calculated by Monte Carlo simulations.

Figure 1 shows the ionisation chamber (see also [20]). For
high statistical sensitivity the longitudinally polarized neutron
beam was passing through a total of 24 targets mounted
perpendicular to the beam, absorbing about 60% of the
neutron beam intensity. A detector on each side of each target
created a local “double chamber”. One side of each double
chamber detected tritons emitted in the neutron beam direction
(“forward”), the other one in the opposite, backward direction.
Due to the different orientations of the triton momenta �pt

with respect the neutron spin �σn the asymmetries measured
in forward and backward directions have opposite signs.
The electrodes attached to all the “forward” sections of the
detector’s double chambers were connected to a common
“forward” preamplifier; and the electrodes attached to the
“backward” sections to a separate “backward” preamplifier.
The ionisation chamber was filled with gaseous Ar (absolute
pressure 2.4 bar in the first experiment, 1.9 bar in the second
experiment at the ILL). The path of the tritons emitted from a
target was shorter than the 21 mm thick sensitive zone in each
detector.

A solenoid fixed to the ionisation chamber provided a
magnetic field parallel to the axis of the neutron beam,
with directional accuracy better than 5×10−3, providing the
necessary suppression of the left-right asymmetry.
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FIG. 2. Signals at the preamplifier output are shown as a function
of the voltage at the high-voltage detector electrodes.

V. ELECTRONICS

The two preamplifiers converted the electric currents
from the “forward” and the “backward” chambers to elec-
trical voltages, which are proportional to the neutron flux.
Figure 2 shows these voltages, as a function of the voltage at
the high-voltage detector electrodes.

The preamplifiers decomposed the electrical signal into
a constant and a variable component. A typical variable
component of the electrical signal as a function of time is
shown in Fig. 3. The RC-circuit for the variable component
was chosen in such a way, that it transmits a signal with
the frequency equal to the flipper state switching frequency
(∼0.5 Hz) without any distortions of the signal. The variable
component was amplified K ∼ 30 times and sent to an
integrator [20]. The amplification coefficient was measured
by applying a rectangular signal of known amplitude to the
input. The constant component was measured for each series
(once every 256 s) and saved in the computer memory. An
operational amplifier [20] equipped with a capacitor was used
as integrator.

A programmable analog-to-digital converter (a multifunc-
tion card for data acquisition: ACL-8112pg/ ADLink Technol-
ogy Inc. with 12 digits) read the signals at the integrator output
and sent them to the computer. The integration and other time
intervals were set in the programmable countertimers of an
ACL-7120 card of ADLink Technology Inc. This card was
also equipped with 32 TTL-compatible digital inputs/outputs
used to control the experiment. Four reversible independent
programmable counters of the card were used for setting the
time intervals for the experiment (Fig. 4). These counters are
based on generators with a frequency of 50 kHz, allowing
for a relative accuracy of 2×10−5 for the time intervals. The
electronics and the experiment control system are described in
detail in Refs. [20,27].

VI. THE MEASURING PROCEDURE AND
DATA TREATMENT

To achieve an accuracy of ∼10−8 in the asymmetry
measurement any fluctuations in the electronics or reactor
neutron flux have to be minimised, as well as any interference
from external electric signals or other false effects.

To compensate for fluctuations in reactor power we used
special measuring procedures involving a pair of detectors
for every target. Both detection chambers (“forward” and
“backward”) simultaneously measure the same process but
give opposite signs for the asymmetry effect (see Fig. 1);
fluctuations in reactor power will have an identical impact
in both chambers and will carry the same sign.

In the integral method electrical signals can be presented
as the sum of their constant and variable components. The
“number of events” in a time interval is proportional to the
sum of the variable U/K and constant UC components of the
signal, integrated over this interval; therefore the asymmetry
coefficient aP -odd is

aP -odd = (U+
C + U+/K) − (U−

C + U−/K)

(U+
C + U+/K) + (U−

C + U−/K)
, (5)
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FIG. 3. A typical variable component of the
electrical signal at the entrance of the integrator
as a function of time for two detectors.

where U+
C , U−

C , U+, U− are the constant and variable com-
ponents of the signal for two opposite neutron polarisations,
relative to the detected particles’ momentum in the respective
chamber. The coefficient K describes the amplification of
the variable component of the signal. As UC 	 U and
U+

C
∼= U−

C = UC, the normalised asymmetry coefficient is
given by

aP -odd = (U+ − U−)/(2KUC). (6)

For every detection channel, four consecutive voltages at
the integrators U+

1 , U−
2 , U−

3 , U+
4 (Fig. 4) are combined in a

“single measurement” and added as follows: U+ = U+
1 + U+

4 ,
U− = U−

2 + U−
3 . These combinations allow us to suppress

linear drifts. The asymmetry was calculated for each single
measurement in every detector. In both channels the results
of N subsequent measurements in a series were summed; the
constant component of a signal was measured once per series.

The effects for single channels 1 and 2 were calculated
using the following formulas:

ᾱ(1),(2) = 1
N

N∑
i=1

α
(1),(2)
i

α
(1),(2)
i = (

U
+,(1),(2)
i − U

−,(1),(2)
i

)/
2

U
+,(1),(2)
i = U

+.(1),(2)
i,1 + U

+,(1),(2)
i,4 , U

−,(1),(2)
i = U

−,(1),(2)
i,2 + U

−,(1),(2)
i,3 , i = 1/N

D(ᾱ(1),(2)) = 1
N(N−1)

N∑
i=1

(
α

(1),(2)
i − ᾱ(1),(2)

)2
, σ (ᾱ(1),(2)) =

√
D(ᾱ(1),(2))




, (7)

δ̄(1),(2) = ᾱ(1),(2)

K(1),(2)UC,(1),(2)

σ (δ̄(1),(2)) = σ (ᾱ(1),(2))
K(1),(2)UC,(1),(2)


 . (8)

where ᾱ(1),(2), δ̄(1),(2) are the absolute (t.i. not normalized)
and relative (normalized) effects for channels 1 and 2;
U

+,(1)
i,1 , U

−,(1)
i,2 , U

−,(1)
i,3 , U

+,(1)
i,4 are the measured voltages at

the first integrator output ; U+,(2)
i,1 , U

−,(2)
i,2 , U

−,(2)
i,3 , U

+,(2)
i,4 are the

measured voltages at the second integrator output; σ is the
uncertainty in the average values of the effects; K(1),K(2)

denote the amplification factors for the first and second
channel.

Taking advantage of the double detector chambers, one can
calculate values compensated for fluctuations, e.g., of reactor

power:

ᾱcomp = 1
N

(
N∑

i=1
α

(1)
i − L

N∑
i=1

α
(2)
i

)

D(ᾱcomp) = 1
N(N−1)

N∑
i=1

((
α

(1)
i − Lα

(2)
i

) − ᾱcomp
)2

σ (ᾱcomp) = √
D(ᾱcomp)




, (9)

δ̄comp = ᾱcomp

K(UC,(1)+UC,(2))

σ (δ̄comp) = σ (ᾱcomp)
K(UC,(1)+UC,(2))

K = K(1)+LK(2)

2




, (10)
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FIG. 4. The time intervals in the experiment.

where ᾱcomp, δ̄comp are the absolute and relative effects after
compensation, L is the compensation coefficient defined
below; UC,(1) and UC,(2) are the constant components of the
first and second preamplifier signals.

The calculated effects α
(1)
i and α

(2)
i for the two detectors are

of opposite sign; these values are measured synchronously.
Therefore by calculating ᾱcomp the asymmetry value is dou-
bled, and the effect of fluctuations in the reactor power is
subtracted due to subtraction of one value from the other.

The compensation coefficient L is calculated for every
series of single measurements with the condition that the
variation D(ᾱcomp) of the average value of the absolute effect
ᾱcomp (9) is minimal; it is defined as follows [20,27]:

L =

∑
i=1÷N

α
(1)
i α

(2)
i − 1

N

∑
i=1÷N

α
(1)
i

∑
i=1÷N

α
(2)
i

∑
i=1÷N

(
α

(2)
i

)2 − 1
N

( ∑
i=1÷N

α
(2)
i

)2 . (11)

The integration interval was equal to 0.8 s, and each series
contained 64 single measurements (see Fig. 4). The variations
of the compensated values was smaller by a factor of 40–100
than the variations of the noncompensated values.

The final result is an averaged value over a large number n

of results for series αi ± σi :

Ā =

n∑
i=1

piαi

n∑
i=1

pi

, pi = 1

σ 2
i

, (12)

with uncertainty

σ (Ā) = 1√
n∑

i=1
pi

.

To further compensate false asymmetries we changed the
direction of the guiding magnetic field and measured an equal
number of series for both directions. For the averaged values
we took into account the directions reversal of the real P -odd
effect due to the reversal of the guiding magnetic field. In the
first experiment [28] the field direction was reversed every
30 min., in the last experiment [29] every 4 min.

We emphasise that the three stages of signal evaluation all
work with differences:

(i) Between variable parts of the signals (absolute effect
of the P -odd asymmetry) α = U+ − U− for opposite
neutron spin polarisations; these differences are calcu-
lated for every pair of measurements for both detectors.

(ii) Between the absolute effects for the two detectors αi =
α

(1)
i − L · α

(2)
i , i = 1/N . Since the P -odd asymmetries

in the detectors have opposite signs, the effect is
doubled. These differences are calculated for each
direction of the guiding magnetic field (referred to as
“→” and “←”).

(iii) Between the effects for each direction of the guiding
magnetic field: αi(→) − αi(←), i = 1/M . P -odd ef-
fects are added in this case, because they have opposite
signs.

At each of the three stages of calculation described above
we subtract values measured for two opposite conditions.
Effects of equal sign and equal size thus cancel, and the
asymmetry persists. Taking the third difference, for instance,
any influence of the guiding magnetic field on the currents in
the chamber, or changes in neutron absorption as a function
of the field direction would cancel unless the effect is due to
P -odd effects from impurity nuclei.

This conclusion is valid as well for electromagnetically-
induced false effects. Such influences were checked
many times using electronic test signals as described in
Refs. [24,28,29]. For instance, a small effect was caused by
switching the radio-frequency of the adiabatic spin-flipper
on and off. After normalisation with the constant signal
components and the coefficient of amplification the measured
asymmetry contained a false shift of −(0.4±1.5)×10−9 [30].
This is considerably smaller than the experimental uncertainty.
The identical treatment of the results for two detectors and for
the two directions of guiding magnetic field thus allows us to
avoid completely any influence of parasitic electromagnetic
effects.

The Earth’s magnetic field and stationary magnetic fields
from other experimental installations are not shielded. These
magnetic fields could increase a contribution to the P -odd
asymmetry of the left-right asymmetry, which has the same
sign for opposite directions of the guiding magnetic field [24].
If the number of series for the opposite field directions is equal
and the results of these measurements are subtracted from
each other, as described above, the contribution of this effect
is suppressed.

VII. MEASUREMENT OF A CONTRIBUTION OF THE
LEFT-RIGHT ASYMMETRY AND

OF THE P-ODD EFFECT

As mentioned earlier, the left-right asymmetry for the
correlation �σn · [ �pn × �pt ] is aLR = (1.06 ± 0.04) ×10−4 [23],
and a contribution to the measurement of the P -odd asymmetry
has to be avoided. Therefore we performed several test ex-
periments where we introduced intentionally a misalignment
between �σn, �pn, and �pt .

By aligning the magnetic field perpendicular to the neutron
beam we increased the sensitivity to a possible misalignment
between �pn and �pt . In this case, with the estimated precision
of the alignment of �pn and �pt , ε ∼5 × 10−3, we expect a
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FIG. 5. The constant components Uf (“forward”), Ub (“back-
ward”) and (b) the value of the left-right asymmetry coefficient aLR

are shown as a function of the angle β between the neutron momentum
and the triton momentum. These measurements were performed with
a vertical guiding magnetic field.

contribution of the left-right asymmetry of ∼5 × 10−7 which
can be easily measured. In a first series of measurements,
we applied a vertical magnetic field and varied the angle
of the chamber (i.e., the angle between �pn and �pt ) in
the horizontal plane. Figure 5 shows the result [29]. The angle
corresponding to zero left-right asymmetry contribution and
the angle corresponding to the maximum neutron intensity (the
maximum constant component) deviate by 10−2.

In a second measurement, we aligned the guiding magnetic
field horizontally and perpendicular to the neutron beam [28],
in order to check for a contribution of left-right asymmetry
because of a vertical inclination of the chamber. For the best
alignment of the chamber relative to the beam in terms of
intensity, we obtained the asymmetry aLR = (4.9 ± 1.9)×10−7.

With the magnetic field parallel to the neutron beam axis,
the contribution of the left-right asymmetry to the P -odd effect
will decrease by 2 orders of magnitude, as the direction of the
guiding magnetic field is set by a solenoid fixed to the chamber
with an accuracy of ε ∼ 5 × 10−3. From the test measurements
we thus conclude that the influence of the left-right asymmetry
to the measurement of the P -odd effect will be well below
10−8.

For an additional experimental verification of the contribu-
tion of the left-right asymmetry to the P -odd asymmetry in
the latest experiment [29], the asymmetry was measured for
three small angles between the neutron momentum and the
chamber axis, but now with the longitudinal magnetic field
used for the measurement of the P -odd effect. According to
our calculations, the contribution of the left-right asymmetry
to the P -odd effect should be suppressed by the precision
of the alignment of the magnetic field, 5×10−3, compared to
Fig. 5(b), and not exceed 1×10−8 for the small angles used.
Furthermore, such contribution would depend on the angle, as
is clear from Fig. 5(b). Table I shows the results for the three
angles β between the neutron momentum and the chamber

TABLE I. The P-odd asymmetry coefficient val-
ues measured for three angles between the neutron
momentum and the chamber axis at the ILL.

β(rad) aP -odd

∼0 −(10.8 ± 4.4)×10−8

−0.01 −( 9.9 ± 4.1)×10−8

−0.015 −( 7.4 ± 4.2)×10−8

Average: aP -odd = −( 9.3 ± 2.5)×10−8

axis. The angle β = 0 corresponds to the minimum value of
the left-right asymmetry (Fig. 5). Obviously, the contribution
of the left-right asymmetry to the measurement of the P -odd
effect was smaller than the statistical uncertainties.

Figure 6 presents results of the P -odd effect measurements
for two opposite directions of the guiding magnetic field as
well as the histograms for statistical distribution of the values.
The later is compared to a Gaussian distribution. Evidently,
the χ2 values confirm the statistical nature of the observed
scattering of the experimental results.

Table II shows the results of the three measurements of
the P -odd asymmetry coefficient in the reaction 6Li (n, α)3H
obtained by the authors. The results in Tables I and II are
corrected for the neutron polarization P and for the average
cosine of triton detection:

VIII. P-ODD EFFECTS CAUSED BY IMPURITY NUCLEI

Parity violating effects due to contaminant nuclei in the
target cannot be compensated. A source of such background
on the signal is the reaction of neutrons with the construction
materials of the experimental installation, from which charged
particles, γ -quanta, and electrons from β-decay of radioactive
nuclei are emitted. These false effects cannot be reliably esti-
mated and cannot be tested in measurements with unpolarized
neutrons.

A potential source of false effects is the asymmetry in the
β-decay of nuclei with small lifetimes; in this case a nonzero
nuclear polarization after capture of a polarized neutron can
persist until β-decay. The most abundant (∼10%) impurity in
the target material is 7Li, which produces 8Li (T1/2 = 0.84 s)
by neutron capture. In [31] the β asymmetry of a pure 7Li
sample was measured as a = 0.08 ± 0.01. In our present setup,
with an average energy of ∼13 MeV the β-particle passes
through nearly the entire sensitive volume of the ionisation
chambers. The absorption is low and the energy is released in
forward and in backward chambers. The P -odd effect due to
β-particles from 7Li in the targets was estimated to be below
3×10−9. The small value is due to the small neutron cross
section of 7Li compared to that of 6Li; due to small fraction of
7Li in the target; and due to the small absorption of β-particles
in the chamber.

The ionization chambers are assembled using materials
containing fluorine F. The halftime of 20F is T1/2 = 11.16 s;
and the end-point energy of the β-particles is 5.4 MeV. One
cannot exclude a P -odd effect with β-particles either. It is
hardly possible to estimate the contribution of this reaction to
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TABLE II. The P-odd asymmetry coefficient values measured in all experimental runs (PNPI+ILL) included in the
final result presented in this paper.

P 〈cos(�σn, �pt )〉 aP -odd a0-test anoise

PNPI, vertical channel 0.66 −(5.4 ± 6.0)×10−8 (2.0 ± 1.7)×10−8 [24,28]
ILL, PB1B beam 0.66 −(8.1 ± 3.9)×10−8 (0.6 ± 0.4)×10−8 [28]
ILL, PF1B beam 0.70 −(9.3 ± 2.5)×10−8 (0.0 ± 0.5)×10−8 −(0.6 ± 0.5)×10−8 [29,30]
Average −(8.6 ± 2.0)×10−8 (0.2 ± 0.5)×10−8 (0.1 ± 0.3)×10−8

the P -odd effect, given our poor understanding of the mass of
20F and the flux of neutrons scattered through the construction
materials of the chamber. It is also true that the degree of
nuclear polarization after capture is uncertain. Therefore this
and similar effects were investigated by the zero experiment
described below.

In the reaction 35Cl(n,p)35S a P -odd proton emission
asymmetry was found with a large coefficient of a =
−(1.5 ± 0.3) × 10−4 [32]. The proton path in aluminium is
1.5 mg/cm2. Thus, these protons cannot traverse the aluminium
foils surrounding the targets (their thickness of 14 µm
corresponds to 3.78 mg/cm2). Therefore protons from possible

Cl impurities in the targets can not contribute to the P -odd
effect. Even if the Cl admixture in the aluminium foils were as
high as unrealistic 1%, the calculated ratio of chamber current
due to protons to current due to tritons from 6Li would be as
low as ∼5.7 × 10−10.

Calculations showed that an additional P -odd asymmetry
due to γ -quanta from all known cases is lower than 10−10.

The P -odd asymmetry for β-decay of various nu-
clei with long half-life in the construction materials
(for instance, β-decay of aluminium) is not signifi-
cant either, because those nuclei decay within a few
minutes, and the interaction of the nuclear magnetic

FIG. 6. Results of the P -odd effect measurements at the ILL for two opposite directions of the guiding magnetic field: “→” (A), and “←”
(C). The corresponding histograms for the statistical distribution of these values and the fits by Gaussian distribution are given in B and D
including the values of χ 2 and the numbers of degrees of freedom.
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FIG. 7. Results of the “0”-test are shown for two opposite directions of the guiding magnetic field: “→” (A), and “←” (C). The corresponding
histograms for statistical distribution of these values and fits by Gaussian distributions are given in B and D including the values of χ2 and the
numbers of degrees of freedom.

moment with the atomic environment immediately de-
stroys nuclear orientation produced by polarized neutron
capture.

As it is difficult to provide a complete estimate of all
contributions to the P -odd effect from impurity nuclei, we
performed a control experiment.

IX. A CONTROL EXPERIMENT

Studies of tiny asymmetries usually include a control
measurement (“zero experiment”) with a polarized neutron
beam, in which the products of the reaction are not detected.

Total absorption of the tritons and α particles is provided
by additional 20 µm thick aluminium foil covering the targets.
All results in this section are given normalised to the constant
component of the detector signal in the main experiment and
to the solid angle and neutron polarisation, in order to make
them directly comparable with the asymmetry in the main
experiment. The result obtained at PNPI in Gatchina was
a0-test = (2.0 ± 1.7) ×10−8 [28]. The zero-test carried out at
the PF1B neutron beam at the ILL was performed with a
neutron polarisation of more than 94% and yielded [30]:

a0−test = (0.0 ± 0.5) × 10−8. (13)

Figure 7 corresponds to results of the “0”-test experiment
opposite directions of the guiding magnetic field. The distri-
bution of the measured asymmetry values is compared to a
Gaussian distribution. χ2 values confirm statistical nature of
the observed scattering of the experimental results.

Note that this measurement also tests for influences of
electronics and noise from the flipper. In addition, we also
carried out an asymmetry measurement with the neutron beam
switched off which is sensitive to these latter effects, only. The
result is [29]

anoise = −(0.6 ± 0.5) × 10−8. (14)

Hence, all these false effects are at least 10 times smaller
than the observed asymmetry.

X. CONCLUSION

We measured the parity-violating (P -odd) triton emission
asymmetry coefficient aP -odd in the 6Li (n, α)3H reaction with
polarized cold neutrons. Taking into account an additional
test for a false asymmetry due to eventual target impurities
(“zero test”) we obtain the final value for this series of
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experiments:

aP -odd = (−8.8 ± 2.1) × 10−8. (15)

We analyze this result within the nuclear cluster model. Using
the formula (3) for the relation of the P -odd effect with the
effective weak couplings and supposing that the charged weak
current constant is given by the DDH best value h0

ρ = −11.4 ×
10−7, the neutral weak constant fπ and its uncertainty would
be given by

fπ ≈ (0.4 ± 0.4) × 10−7. (16)

Keeping in mind that the weak constant has to be positive,
we obtain the following constrain for the neutral weak constant
at 90% confidence level:

0 � fπ � 1.1 × 10−7. (17)

This result agrees with the most precise value obtained in
the measurement of circular polarization of γ -quanta in the

reaction with 18F [33]:

fπ = (
0.3+1.0

−0.3

) × 10−7. (18)

However, it contradicts to the “best value” 4.6×10−7 for the
weak constant in the DDH model.

Another reaction with polarized neutrons can be analyzed
in terms of the meson-nucleon interaction: 10B(n,α)7Li∗→
γ →7Li(g.s.). The corresponding P -odd asymmetry coeffi-
cient is estimated in the framework of the DDH model to be
large enough [34]: aP -odd = 1.1 × 10−7 and therefore it can
be measured. We expect that such an experiment would allow
us to increase the accuracy of the weak coupling constant
measurement.
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