Vol. 28 (1997) ACTA PHYSICA POLONICA B No 1-2

DIRECT DETERMINATION OF THE ALIGNMENT
OF PROJECTILE FRAGMENTS FROM A
B-ANISOTROPY LEVEL MIXING RESONANCE

(LMR) MEASUREMENT * **

N. CouLIER?*, G. NEYENS?, S. TERNIER?, K. VYVEY?, S. MICHIELS?,
R. CousseMENT?, D.L. BALABANSKI®, J.M. CASANDJIAN®,
M. CHARTIER®, M.D. CorTINA-GIL®, M. LEWITOWICZ®,
W. MITTIGS, A.N. OsTROWSKI®, P. ROUSSEL-CHOMAZS,
N. ALaManosd AND A. LEPINE-SZILY®

#Instituut voor Kern- en Stralingsfysica, University of Leuven,
Celestijnenlaan 200 D, B-3001 Leuven, Belgium.
PFaculty of Physics, St. Kliment Ohridsky University of Sofia,
J. Bourchier Str. 5, BG-1164 Sofia, Bulgaria.
°Grand Accélérateur National d’lons Lourds,

B.P. 5027, F-14021 Caen Cedex, France
dDapnia/SPhN, Batiment 703, Orme de Merisiers,

C.E. Saclay, F-91191 Gif-sur-Yvette Cedex, France
¢Institute of Physics, University of Sdo Paulo,

C.P. 66318, 05389-970, Sao Paulo, Brasil

(Received December 10, 1996)

Using the Level Mixing Resonance (LMR) interaction, which converts align-
ment into polarization, the nuclear spin aligment of 128 produced in two different
fragmentation reactions at intermediate energy (respectively 13C onto a '2C tar-
get and **Ne onto a ?Be target) was determined by measuring the 3-anisotropy.
The nuclear spin alignment of 18N fragments, produced in the 22Ne reaction was
measured for different selections in the longitudinal fragment momentum distri-
bution. In the same measurement the ratio of the quadrupole frequency to the
magnetic moment 22 of neutron rich 18N fragments implanted in Mg was found
to be an order of magnitude larger compared to simple shell model calculations.
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1. Introduction

High- and intermediate-energy projectile fragmentation reactions have
recently proved to be a powerful mechanism to produce light nuclei far from
stability which can be separated by large recoil separators. Spin aligned
fragments produced in such a reaction open a scope of possibilities for spec-
troscopic studies. The Level Mixing Resonance (LMR) [1] method, former-
ly used to measure the quadrupole frequency of long-lived low-spin states
which decay by y-radiation [2, 3], has recently been extended for $-decaying
nuclei produced and aligned in a fragmentation reaction [4]. With the LMR
method both the initial alignment and the quadrupole frequency of the frag-
ments are measured at the same time. The first LMR measurements were
performed at the SPEG [5] and LISE3 [6] spectrometers at GANIL. Because

all the spectroscopic parameters of 1B (I” =1%, T =20.20 ms, Qg = 13.4
2

MeV, p = 1.003 pn, vo = 46.5 kHz [7, 8]) and its implantation behaviour
in a Mg hcp-single crystal are known, this is a good candidate for a first
LMR measurement. The only unknown parameter in this measurement is
the initial alignment of the 2B nuclei produced in a fragmentation proces.
In the case of 18N (I’r =17, T1 = 624(12) ms, Qg = 9.4(4) MeV [9]) the
magnetic and the quadrupole mzoment are not known. From a level mixing
resonance we can extract the ratio "_:L and the initial alignment of the 1®N
as independent fit parameters.

2. Experimental method

The Level Mixing Resonance (LMR) method [1, 4] is a method which
uses a combined magnetic dipole and electric quadrupole interaction to de-
termine the alignment of a nuclear spin ensemble and to study the quadru-
pole moment of their nuclear state. In the level mixing region, due to a
combined magnetic dipole and electric quadrupole interaction, a resonant
change of alignment (A) into polarization (P) takes place. This change
only occurs when a small angle 3 has been put between the direction of
the external magnetic field (B) (magnetic interaction) and the axis of the
Electric Field Gradient (EF'G) (quadrupole interaction). The exchange in
orientation induces a (-anisotropy, which changes resonantly as a function
of the strength of the applied magnetic field. From the position of the reso-
nance, the ratio of the quadrupole frequency to the magnetic moment can
be determined very accurately. At the same time we can extract the initial
alignment of the projectile fragments from the amplitude of the resonance
if the radiation parameter A; is known.
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In all the experiments the fragments emitted in the forward direction
(at zero degrees with respect to the primary beam direction) were selected
because they are expected to have an amount of spin alignment [10, 11]. The
2B and 8N fragments were implanted in a Mg single crystal which provides
the EFG. The crystal is positioned between two coils which produces the
magnetic field. To measure the -anisotropy two scintillation detectors, one
at 0° and one at 180° with respect to the magnetic field direction, are placed
close to the Mg crystal.

3. Results and discussion

The polarization measured as a function of the magnetic field for '*B is
shown in Fig. 1a for the !*C fragmentation reaction and in Fig. 1b for the
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Fig. 1. Polarization as a function of the applied magnetic field in the case of
2B produced in a fragmentation reaction of '3C(75 MeV/n) onto a '2C target
(35mg/cm?) (a) and ?*Ne (60 MeV/n) onto a °Be target (185.5 mg/cm?) (b).

22Ne fragmentation reaction. We see that in both cases the resonance occurs
at the expected magnetic field of 4.6 mT but in the *C-reaction an align-
ment of 4.7(1.6)% and in the ??Ne-reaction an alignment of only 0.9(0.7)%
was found. As expected the alignment decreases drastically if the fragment
nuclei differ by many nucleons from the primary beam nuclei. The resonant
change of the j3-anisotropy as a function of the external magnetic field of
the !®N fragments, selected from the center of the momentum distribution
is shown in Fig. 2a, and selected from the high energy wing of the mo-
mentum distribution in Fig. 2b. The nuclear spin alignment found after a
selection of fragments in the center of the momentum distribution is found
to be 14.4(1.5)%. Selecting the ¥N fragments from the high energy wing
of the momentum distribution gives us a nuclear spin alignment of only
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Fig. 2. Polarization as a function of the applied magnetic field in the case of !N
produced in a fragmentation reaction of 22Ne (60 MeV /n) onto a *Be target (185.5
mg/cm?) selecting the center (a) and selecting the upper wing of the momentum
distribution (b).

7.2(1.6)%. In both measurement the position of the resonance was fitted to
the ratio of the quadrupole frequency to the magnetic moment. This ratio
was determined to be 1. 328(33)MHZ. Shell model calculations for a pure

18N(7r0p I/Ods)l— configuration [9-12] predict a ratio which is a factor of

10 smaller The big difference can be explained by configuration mixing [13]
and possibly a large deformation for the !N ground state [14]. A measure-
ment of u, combining LMR and §-NMR is planned for the future and will
allow the determination of the quadrupole deformation.

4. Conclusions

The LMR-method looks a very promising method to study nuclear mo-
ments of §-decaying projectile fragments using the alignment produced by
the reaction and without the need for a selection of a polarized fragment
beam. The alignment induced by the fragmentation proces on the for-
ward scattered fragments can be extracted directly from the measured §-
anisotropy induced by the LMR interaction.
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