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Parity non-conservation in nuclear electromagnetic interactions may produce
interference effects with linear intensity in the F parameter. We have
investigated them in the gamma transitions following the capture of polarized
neutrons, respectively with H 2 and Cd" 3 targets. The (n, 7) target was exposed
to a polarized neutron beam obtained from the magnetic mirror installed at
the Ispra I reactor.
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Parity non-conservation in nuclear electromagnetic interactions may produce
interference effects with linear intensity in the F parameter. We have
investigated them in the gamma transitions following the capture of polarized
neutrons, respectively with H 2 and Cd113 targets. T h e (η, y) target was exposed
to a polarized neutron beam obtained from the magnetic mirror installed at
the Ispra I reactor.

The PNC effect to be investigated was a possible forward-backward asymmetry of gamma emission with respect to the direction of neutron polarization.
The measuring apparatus and methods will be described in detail.
— In the case of H 2 (n, 7 ) , the corrected asymmetry parameter, evaluated
for the 7.25 MeV capture gamma-rays, was a = (0.45 ± 2.5) 10~\ From thÌ9
result we may simply assign an upper limit to the PNC parameter: F<3.10- ü .
— In the case of Cd113 (n, 7), we considered both a range of the gamma
spectrum containing mainly the transition to the 0+ ground stale of Cd 1 ", and
a group of transitions of the first few excited levels of Cd 1 ", all having-jpartitics.
In both cases, the corrected OÍ value was within the standard error, which
had an order of magnitude of 1 0 J .
Thus the present measurement does not confirm the existence of an
asymmetry, which has been found by Abov ei al., in a similar experiment
where the ground state transition was measured.
In any case, the order of magnitude of the PNC effect quoted by Abov
ei al., and the upper limit assigned to it by our measurement, are comparable.

The PNC effect to be investigated was a possible forward-backward asymmetry of gamma emission with respect to the direction of neutron polarization.
The measuring apparatus and methods will be described in detail.
— In the case of H 3 (n, 7 ) , the corrected asymmetry parameter, evaluated
for the 7.25 MeV capture gamma-rays, was <* = (0.45 ± 2.5) 10-'. From this
result we may simply assign an upper limit to the PNC parameter: F<3.10-°.
— In the case of Cd" 3 (n, y), we considered both a range of the gamma
spectrum containing mainly the transition to the 0 + ground state of Cd"', and
a group of transitions of the first few excited levels of Cd 1 ", all havin,g-fpartities.
In both cases, the corrected <* value was within the standard error, which
had an order of magnitude of KF1.
Thus the present measurement docs not confirm the existence of an
asymmetry, which has been found by Abov et al., in a similar experiment
where the ground state transition was measured.
In any case, the order of magnitude of the PNC effect quoted by Abov
et al., and the upper limit assigned to it by our measurement, are comparable.
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SUMMARY
Parity non-conservation in nuclear electromagnetic interactions may produce interference effects
with linear intensity in the F parameter. We have investigated them in the gamma transitions following
the capture of polarized neutrons, respectively with H 1 and Cd1" targets. The (n, 7) target was exposed
•to a polarized neutron beam obtained from the magnetic mirror installed at the Ispra I reactor.
The PNC effect to be investigated was a possible forward-backward asymmetry of gamma emission
with respect to the direction of neutron polarization. The measuring apparatus and methods will be described in detail.
— In the case of H3 (n, 7 ) , the corrected asymmetry parameter, evaluated for the 7.25 MeV capture
gamma-rays, was a = ( 0 . 4 5 ± 2 . 5 ) 1 0 - \ From this result we may simply assign an upper limit to the PNC parameter: F<3.10-°.
— In the case of Cd"3 (n, 7 ) , we considered both a range of the gamma spectrum containing mainly
the transition to the 0 + ground state of Cd"4 and a group of transitions to the first few excited levels of
Cd"\ all having+parities.
In both cases, the corrected a value was within the standard error, which had an order of magnitude
of 10-\
Thus the present measurement does not confirm the existence of an asymmetry, which has been found
by Abov et al., in a similar experiment where the ground state transition was measured.
In any case, the order of magnitude of the PNC effect quoted by Abov et al., and the upper limit
assigned to it by our measurement, are comparable.

INVESTIGATION OP
POLARIZED NEUTRONS

PNC

EFFECTS IN THE RADIATIVE CAPTURE OF

- THE CASE CF

Η 2 ( n , Y ) .AND

Cd 113 (n,T)

Introduction
We have investigated the

PNC

in the electromagnetic transitions

following the capture of slow polarized neutrons by

H

and Cd''^

nuclei, respectively.
In experiments of this kind one can attempt to find
due to interference of a regular

PC

PNC

transition with

effects,

PNC

admixed

transitions. The magnitude of these effects is linear in the relative
amplitude

V7

of irregular parity admixtures in the nuclear wave

functions:

Ψί'ψι
and therefore in the

F

+

*lfi

parameter v'/-.

In each of the cases we have considered experimentally, the situation
is the following:
A main

PC

transi tion,having

M1

character, connects the initial

capture state to the final state.
Lue to the existence of

PNC

admixtures in the nuclear wave functions,

also the opposite-parity multipole of the same order,

Ξ1,

may be

non-vanishing between the same states.
M1 - E1

interference might then be revealed by the asymmetry in the

angular distribution of gamma radiation
Manuscript received on June 18, I965.

\Χ/(Θ) = 1 π* g cose
where θ

is the angle between the momentum of the gamma quantum

and the neutron polarization axis, and P n the degree of neutron
polarization.
(?)

According to a more genera] form quoted by Elin3toyle  ' the
asymmetry factor is

|rni| 2 r |ei| 2
A is given in terms of a nuclear orientation parameter and of
an ungular distribution factor,

ArVfeJMll.jjJ,
"'
depending on
Di» 3 i .if» that are, respectively, the nujlear spina before the
capture, in the compound state, and in the final state reached
after the ¡ramma transition.

m*i g i
h = |ml|
2
+ |e{|'
represents the ratio of the transition probability of the PNC
admixed transition, which is proportional to F
probability of the main

, to the transition

PC transition.

In both the experiments we have considered

a large enhancement of

PNC

effects is expected, ciue to large amplification factors in

the

h ratio.

 PNC

effects in H2(n,V>)

'The existence of largely enhanced

PNC effects in the swave

ηD capture has been suggested by BlinStoyle and Feshbach ^ .
who quote an orde.'· of magnitude of the PNC effect

Q(^^7

<ni>

es/ lOO F

This figure is obtained by considering,at a very low neutron energy,
the main

PC

M1

transition in comparison with the spurious E1

transition resulting from
components in the

H^

swave

capture

into irregularparity

wave functions.

In the wavefi'nction of a well spaced level, the parity admixture
parameter is |v?|£¿ F , therefore, the effective
be

F

times the single particle

On the other hand

M1

E1

E1

strength will

value.

is inhibited with respect to

E1

by two

is estimated for the ratio of

M1

and Ξ1

different factors.
A first factor *~i 10

single particle values.
Furthermore, due to the fact that
for the spacesymmetric part of

K1

H^

nonsymmetric part, which is Λ;0.1

is identically vanishing
wavefunction(4), only the

in relative amplitude will

contribute to M1.
An overall enhancement factor of />j 1 00

is thus obtained.

A further enhancement, which was not included, arises from the
opposite parity admixture in the wave function of the initial
ηD

system.

 The case of Cd 113 (">γ)·
In the case of intermediate nuclei, due to the large density of
levels at high excitation energy, a large admixture of opposite
parities is induced in the wavefunction of the capture state,
because of the interaction with states having the same angular
momentum, but the opposite parity.
The parity admixture parameter, obtained from a perturbation
calculation with the assumption of uniformly distributed
oscillator levels,is

|

|v?'l=^N 2 F
where

Ν

is a parameter representing the number of states belonging

to the same oscillator level.
 3 

In the formula

h = 5.102 F, allowing a factor

( 1 ) we may put

10 for the ratio of single partiole

E1

and

M1

value s and a

parity admixture parameter Wjp*- 50 F , in agreement with an esti
mation of

adopte d by Abov et.al. ν5'

N

1+—»0+

For the

groundstate

transitions,

A = 1 and therefore,

M = ι o3 F
A result of the same order of magnitude applies to each of the
transitions from the capture state to one of the first few
excited states

2+

(A = 0.5)

Experimental methods and set up
The principle of the experiment is the following.
The

(n,">p) targe t is exposed to a beam of polarized neutrons.

Two opposite scintillation counters

A

and

Β

detect, respectively,

capture gamma rays emitted forward and backward with respect to the
neutron polarization axis. The neutron polarization is periodically
reversed.
Let us call
B

aT, a JT and b , b

A

and

I

and II.

the counts registered from counters

respectively, during periods of opposite polarization

As a measurement of the forwardbackward asymmetry we have taken

^

_ 1 f 3-1- sn

kj 

\DH

The asymmetry factor was then calculated by

¿ X = C X m / (Ω Pn r f )
where ,Ω, is a function of the targetdetector geometry, Ρ
degree of neutron polarization,

the

r the depolarization factor of

neutrons, due to multiple target scattering,

f

is the fraction

of gamma counts pertaining to the transition being studied
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present in the overall number of counted pulses, including background
and pileup pulses.
The experimental disposition is shown in fig.
A polarized neutron beam of Λ; 3.10' η see"1
from a magnetized

CoFe

mirror

(ï)
is obtained by reflection

* .

Along the path from the mirror to the target the neutron spins are
guided in a magnetic field. The latter i Ρ vertical at the output of
the polarizer and is turned by

"^ ¡2 to the left or to the right,

throughout the first section of the guide field device, sketched
in fig.

(ï). Here a vertical field component is maintained between

two iron strips magnetically coupled to the poles of the polarizer
magnet, and a horizontal component is applied betv/een the side walls
of an Armco iron tunnel, magnetized by a current.
The intensity of the vertical component is decreasing and that of
the horizontal component is increasing along the direction of the
neutron flight, in such a way that the resultant field, seen in
the neutron c m . system is about constant

(^ 30 gauss)

and turns

at uniform angular speed.
The neutron spins are adi abatically turned with the field so that,
at the target, the polarization'axis will point to the left or to
the right according to the direction of the current exciting the
guide field device.
The loss in the polarization degree, due to spin flip, should be
less than

0.5 ^

, according to a calculation.

The field is Λ; 8 gauss

inside the target chamber. The outside of

the latter is lined with mumetal sheet to prevent that reversing
the field may si stemati cally affect the gain of the scintillation
counters.
Each scintillation counter is made of a

3"x 3" Nai (Tl) crystal,

directly coupled to a 6363 Dumont photomultiplier, which is pro
vided with a standard magnetic shield. The whole counter is enclosed
in a

1 mm

thick mumetal box.

A lead shield and an outer shield of borated paraffin protect the
counters from external radiation.
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In the high energy range, the background was almost entirely due to
stray radiation associated with the polarized neutron beam, and
to radiative capture of scattered neutrons. To reduce the latter
contribution, the target chamber was provided with sufficiently
thick walls of polyethylene loaded with high purity

Li„ CO,, and

of B C -. paraffin admixture
Electronic apparatus
A schematic diagram is shown in fig. (<-).
The output of each counter is connected to an ampiifi cation chain,
followed by a threshold disc-rim: nator.
The amplified outputs are mjxe-i and sant to the common p.h. converter
input of a

LA33N

45·A-· '-5^ channel analyzer, operated in the

4 x 64 - channel mode.
The discriminators, and a binary counter, which is driven by a timer
and controls the orientation of the guide field, deliver gate signals
which are combined and fed to the analyzer, according to the logic
indicated in the diagram, in order to address the discriminated
counter pulses a , b

and a

, b

to the respective memory quadrants

I, II, and ITI, IV.
The working conditions of the-whole apparatus were carefully stabilized.
The reliability of the p.h. analyzer and of the electronic chains,
which are fully transistorized, had been severely tested during a
long time before starting the main experiments.
Circuit details and characteristics have been described previously (7)·
Measurement of neutron polarization
The neutron polarization was measured in a double reflection experiment, using the depolarizing shim method, as described in

(6).

Before hitting the analyzing mirror, the neutrons were made to pass
through a second turning field device, where the spins were turned
back to a vertical orientation.
The measured polarization degree was practically the same, whether
the ¿ruide field was steady, or alternating with a period of 2 s e c ,
as during the

y" measure;;.er.ts.
- 6 -

The values we have found, before and after each
were always around

PNC

experiment

75% » and- therefore we will use this figure in

treating the results.
Symmetry control experiments
In the

PNC

experiments false asymmetry effects might appear, due

to instrumental asymmetries, such as a systematic dependence of the
photomultiplier gain on the magnetic guide field orientation.
Therefore, in connection with each

PNC

experiment, a control

experiment has been done, with the same experimental disposition
and operating conditions, but, instead of a
n 60
. ,
Co
gamma source was counted.

(n, y ) target, a
'

In order to have a very sensitive test of the gain stability
between alternate polarization periods, the asymmetry was measured
taking, in the Co

spectrum, energy intervals ranging from the

center of a peak to the next valley.
According to the control experiments, in none of which instrumental
defects

were found, we estimated the following standard error

limits of the instrumental asymmetry

o(0

, for the various

PNC

experiments
H2(n,y)

5

-

(5.4 τ 6.6) MeV

^0

" +

1.

10

Cd (η,γ- ) ~

(7.3 7 7-9) MeV

0(0

= +

1.2

10~5

Cd ( n , y )

( 8

c(0

= +

2-5 10' -5

-

7

9-4) MeV

- 7 -

H

(n,-y) measurements and results

A

DpO

target was used in a container having the following inner

dimensions:

width 0,6 cm, height 8 cm, thickness 4 cm.

The container walls were made of methylmetacrylate resin, loaded
with Lip CO,, and the neutron entrance window was a very thin film
of the same resin.
Preliminary measurements have been done, in order to analyze the
various componenents of the total gamma spectrum, and to evaluate
the relative contribution of the H 2 (n,V")

and of the background.

The background spectrum was measured with the empty container.
Besides, a measurement taken with a Li 2 CO, - paraffin target
permitted to estimate that the contribution of fast neutrons
scattered by the Γ^Ο was almost negligible.
According to the preliminary measurements, it was found convenient,
in the main experiment, to consider an energy interval containing
only the 6.25 MeV total peak and the first escape peak of the Η
capture gamma, avoiding to involve the

C'2 (n,V)

4.95 MeV peak,

which was rather prominent.
In the chosen interval (5,4 - 6,6)

MeV, the H 2 (n,v) counts were

about ^<jfa of the total. Since pulse pile-up effects were quite
negligible, we can assume

f* = O.5O.

The neutron depolarization due to spin-incoherent scattering
ρ
on Η , has been evaluated taking as a depolarization factor
in a single scattering event

rj = 0,56, according to (8).

With the simplifying assumption that the angular distribution
of scattered neutrons is isotropic, the average depolarization
factor for the neutrons which undergo the capture inside the
L2O

target, was estimated to be better than

r = 0,9·

The geometry factor was better than Ci. = 0,93.
The PNC experiment was running according to an automatic cycle.
Each measurement lasted I6.384 sec (useful -éirne) during which
the spectra were accumulated in the 4 analyzer memories.
Then, the data were printed, and soon after,the next measurement
started.
Care was taken to control that, during each measuring period,
- 8 -

the working conditions were stable enough to permit an experimental
accuracy of -the order of the one estimated from the control experiments.
The energy calibration of the spectra was adjusted, when necessary,
to maintain it within 1%.
The drift, during a night, did not, in general exceed this value,
with a steady neutron flux. All the times wide variations of the
reactor power, or of the background level, measured by the area
monitors, were registered, the spectra under measurement were
discarded.
During an useful measuring time of about 5OO hr, about 300 measure0

ments were taken, with an overall number of counts f>J4·10°.
Preliminary results have been reported in

and

The result, evaluated from the total of the counts, is reported
in Tab. I, where, also, the same measurements have been grouped
into partial series, for comparison purpose. A standard statistical test resulted in agreement with a gaussian error distribution.
According to the previous theoretical considerations, the present
result is consistent with our upper limit assignment of the

PNC

parameter
F

2.10 -6

^

,

that is an order of magnitude higher with respect to the results
of different experiments

(Cd11-^ (n,y*), f.i.)

actual order of magnitude of

F

in which the

was reached.

In any case there would be a particular interest in improving ,
by an order of magnitude, at least, the accuracy of an experiment of
this kind, where a very simple nucleón system is dealt with, and a
more direct relation between the measured effects and the

PNC

potential may be established.
In this connection we note that, in 3pite of the extremely low
capture cross section of H 2 , and the consequent experimental
limitations (bad geometry, thick target effects, etc.) the quoted
result could be reached after a relatively short measuring time.
On the other hand it was observed that, in the case a stronger beam of
polarized neutron was available, the counting channels could safely
work at a much higher counting rate.
- 9 -

-

Cd (η,ν') measurements and results
This experiment was started in July 19^4» some time before we were
informed about the results obtained at Moscow, by Abov et al , and
reported in (5).
The experimental set up was essentially the same used in the
previous experiment, but some modification was introduced,
which permitted to have a geometry factor close to unity. The
counters were shifted at a larger distance from-the target, and
a lead collimator was introduced in front of each counter.
The Cd target was

0,8 cm

high (lem wide and 0,05 cm thick), so

that only a~bout 10% of the available neutron intensity was used.
Indeed, a limitation in the counting rate was set by the pulse
pile-up, in spite of the very short RC constants
used for double differentiating

(0,2 and 0,5/w)

the counter pulses.

Two series of measurements, with different counting rates have
been performed.
In series I, the counting rate on each counter was about 30 counts/sec,
referring to th6 (8-9,4) MeV interval, for instance.
In series II, the collimation was arranged to have a 2 times
higher counting rate.
Two different energy intervals have been considered. In the interval
(8-9,4) MeV of the spectrum a main component belongs to the 9,04 MeV
+

1

+

—>» 0

ground state transition and a minor contribution is due

to the 8.48 MeV 1 + — * - 2 + . The interval (7,3 - 7,9) MeV, in addition
to components belonging to the quoted transitions, contains the
peaks of transitions from the capture to a
(probable assignement} excited levels

0 + and to two 2 +

\'®'.

In order to evaluate the contribution of spurious pile-up pulses, in
each of the specified energy intervals, the pile-up distortion of
the spectrum was determined following an experimental method, the
basic principle of which will be referred here.
Artificial pulses, of the same shape as the scintillation pulses,
were fed to the input of a counter amplification chain, and
- 10 -

registered by the p.h. analyzer, gated in coincidence by the puise
generator.
By sending the correct number of pulses on each channel, the true
spectrum could be simulated, in the wanted interval.
When the same operation was done in presence of the actual rate
of gamma pulses from both counters, which disturbed the analyzer
input, the pile-up distorted spectrum shape was obtained.
The various correction factors

f , reported in Tab II and III,

have been obtained from measurements of this kind, after taking
into account, to a safe extent, some experimental uncertainities.
The contribution of background was quite negligible.j The experimental methods and the procedure followed in the present experiment
were essentially the same as in the previous one.
The final results of series I and II for each of the energy
intervals considered, are reported, respectively, in Tab II and III,
together with related partial results. A statistical test applied
to each case, was consistant with a gaussian error distribution.
As an overall result, the weighted average of the series I and II
is taken.
For the various transitions considered in the present experiment, no
asymmetry in the angular distribution was put into evidence.
In particular, for the

(8 - 9,4) MeV

interval our general average

is
0< =

(0,216 + 1,13) · 10-4

and does not confirm the evidenceffound by Abov et.al. w/^of an
effect (measured on the interval (8,1 - 9,4) MeV

definitely

larger than the statistical error»
&

=

(- 3,7 + 0,9 )

IO -4 ,

Certain different experimental conditions do not allow a too direct
comparison of the two results.
For instance, the smaller detector size used in our case, should
result in a different admixture ratio of the
- 11 -

1 + - * - 2 + transition

in the measured part of the spectrum.
Moreover, the determination of the neutron polarization degree was
affected, in both the experiments, by a wide uncertainity, that is
inherent in the used measuring method of double reflection.
On the other hand, a large part of the shift between the average
values of the two measurements may possibly result from a combination of the statistical errors which affect the experiments
(taking into account tne errors in the control experiments,too).
In any case, the order of magnitude of the

PNC

effect found by

Abov et.al., and the upper limit assigned to it by our experiment,
are comparable.
An upper limit assignement of

F , consistent with our results,

and with the theoretical calculations previously quoted, is
F ^

1,5

10-7.

The negative result found for the group of transitions involved
in the interval

(7,3 - 7,9) MeV, may lead to two different

conclusions.
Either the

PNC

effect was too small

in each of the transitions,

or the asymmetry factors of individual transitions balanced each
other in such a way that no sufficiently large effect could be observed.

- 12 -
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Captions of figures
Fig. 1 Experimental disposition for measuring the asymmetry
of polarized neutron capture gamma rays.
Fig, 2

Schematic diagram of the electronic apparatus.
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