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It is well known that the determination
of the polarization for the γ transition will
lead to the unique spin-parity assignments of
the nuclear states. The electric and mag-
netic nature of the γ-rays are distinguishes by
the direction of the electric vector of electro-
magnetic radiation with respect to the beam-
detector plane. The difference between the
perpendicular and parallely scattered events
due to the Compton scattering depends on the
direction of electric vector of the emitted γ ra-
diation. The difference is positive for electric
type transition and negative for magnetic type
transitions while for a mixed transitions it is
almost zero. However, for the ∆I =0 γ tran-
sitions it can be shown theoretically that the
difference is positive for magnetic type of tran-
sitions and negative for electric type of transi-
tions. This opposite results of the polarization
asymmetry for the ∆I =0 γ transitions may
sometimes resulted in different assignments of
the nuclear states.

As a consequence of unequal population of
magnetic sub-levels and the orientation of the
nuclei about a preferred direction in space the
angular distribution of γ-ray depends on the
type of radiation along with the spin differ-
ence of the involved states. If the emitting
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radiation from an axially oriented ensemble of
nuclei is linearly polarized, the angular distri-
bution depends also on the direction (φ) of the
electric vector E of γ-radiation with respect
to the reaction plane along with the detector
angle (θ). The linear polarization of γ-rays
is suitable to express in terms of the angular
distribution functions when their electric vec-
tor E is in the reaction plane, [W (θ, ǫ = 0◦)],
and when it is perpendicular to the reaction
plane, [W (θ, ǫ = 90◦)] and it is expressed as
the normalized difference of this two polariza-
tion state [1]. In accordance with ref. [1] a dis-
tribution of polarization (P) with mixing ratio
δ have been evaluated for the transition with
spin sequence of 8 → 7 [Fig. 1 (a)]. It shows
the value of polarization is positive for parity
changing (E1 + M2) transition and negative
for transition (M1 + E2) without any change
in parity for a large range of mixing ratio. The
same is also plotted for 8 → 8 and 7 → 7 tran-
sitions which shows that the polarization value
is positive for transition without any change of
parity (∆I = 0, M1 + E2) and vice versa over
a large range of mixing [Fig. 1 (b) & (c)].

The characteristics of ∆I = 0 transitions
are studied in 142Eu, 142Sm and 143Eu nu-
clei which were populated through the fu-
sion evaporation reaction 31P + 116Cd at a
beam energy of 148 MeV obtained from the
Pelletron Linac facility at TIFR, Mumbai.
The de-exciting γ transitions were detected by
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TABLE I: Energy (Eγ),linear polarization (P ) and assignment of the gamma transitions in 142Eu.

Nucleus Energy (Eγ
a) Ji

π
Jf

π Polarization (P ) Mixing Ratio (δ) Assignment
142Sm 540 7− 7− +0.29(0.11) +0.06+0.01

−0.01 ∆I = 0, M1
142Eu 283 8+ 8− −0.19(0.08) +0.28+0.02

−0.03 ∆I = 0, E1
143Eu 847 35

2

− 35

2

− +0.37(0.20) ∆I = 0, M1

a
γ-ray energy is rounded of to nearest keV.
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FIG. 1: Variation of polarization with δ for (a)
∆I = 1 (8 → 7), (b) ∆I = 0 (7 → 7) and (c) ∆I
= 0 (8 → 8) transitions.

the Indian National Gamma Array (INGA)
which was consisted of nineteen Compton-
suppressed clover detectors at the time of ex-
periment. Clover detectors can be used as
Compton polarimeter. Linear polarization of
the γ-ray is defined as P = A

Q
, where Q is the

polarization sensitivity of the clover detector
and A is the experimental asymmetry ( de-
tails in ref. [2]). The previous measurement
of 142Sm [2] clearly establishes 540-keV (7− →

7−) γ transition as a ∆I = 0, M1 without mea-
suring the linear polarization. In the present
experiment linear polarization measurements
of 540-keV ∆I = 0, have been carried out. The
polarization value +0.29(0.11) is large positive
for a ∆I = 0, M1 transition.

Also a 283-keV transition that depopulates
from the 8+ to the ground state 8− in 142Eu.
The 8+ state is confirmed by g-factor measure-
ments [4]. The 283-keV is a ∆I = 0, E1 tran-
sition which is also confirmed by the present

measurement of the linear polarizarion (Ta-
ble I). Similarly in 143Eu 847-keV (35/2+

→ 35/2+) transition was assigned as a ∆I
= 0, magnetic transition [5]. The linear po-
larization value in the present measurement
+0.37(0.20). Angular distribution for the 540-
keV and 283-keV transitions are carried out
using the expression as in Ref. [3]. Mixing
ratio are calculated by χ2 minimization of the
measured angular distribution coefficients as
in Ref. [6] and tabulated in Table I. Thus
the polarization value for ∆I = 0 transition is
positive (negative) for M1 + E2 (E1 + M2)
type over a large range of mixing of higher
multipolarity transition.

The present measurements show that for ∆I
= 0 transitions, the value of the polarization
for electric and magnetic type are opposite to
that of ∆I = 1, 2 transitions respectively.
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