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g factors of "N and N remeasured
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The g factors of the '’N and '®N ground states were remeasured using the B-nuclear magnetic resonance
(B-NMR) technique on spin-polarized fragment beams at the LISE fragment separator at GANIL. Based on

the g-factor results, the magnetic moments of '’N (I*

1/27) and ¥N (I™ = 17) were deduced: |u('"N)| =

0.3551(4) py and |u("®N)| = 0.3273(4) 11y . Both results are in good agreement with and more precise than the

earlier observed values.
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Exotic nuclei close to the drip lines often exhibit different
nuclear properties compared to the isotopes in the valley of
stability. Therefore they are extensively studied in theoretical
and experimental research, trying to understand the variation
in nuclear structure that occurs all over the nuclear chart.
A changing shell structure has also been found in the
light neutron-rich boron (Z = 5), carbon (Z = 6), nitrogen
(Z =17), and oxygen (Z = 8) isotopes (e.g., [1-6]). For these
nuclei, monopole interactions vary rapidly as the 7 (p) shell
and the v(sd) orbitals are filled, giving rise to new shell gaps
and vanishing magic numbers.

An earlier B-NMR measurement on I;Nlo Ir=1/2-,
tijp =4.173 s [7]) showed that configurations with two sd
neutrons coupled to J* = 2% are present in the ground state.
This induces a larger magnetic moment than the Schmidt
value [8] for an odd p;,, proton [9]. For lgN“ Irr=1-
[10], t1/2 = 619(2) ms [11]), the ground state properties and
the B decay are extensively discussed in Refs. [10-19].
Large-scale shell-model calculations suggest a ground-state
structure dominated by configurations with three unpaired ds»
neutrons coupled to J™ = 3/27, turning '3N into a transition
nucleus toward the deformed '/C,, isotope [20]. Note that
two contradictory magnetic and quadrupole moments have
been reported: ||} = 0.3279(13) uy, Q1 = 12.3(12) mb
in Ref. [14] and ||, = 0.135(15) un, [Ql2 =27(4) mb in
Ref. [15]. This often suggests the presence of an isomeric
state in the isotope of interest. A sufficiently long lifetime of
the isomer (typically >50 us) is required in order to induce
a visible B-NMR resonance effect. The lower lifetime limit is
determined by the applied radio-frequent-field strength.

Although a 5.25 us isomer is observed in '®N [7] and shape
coexistence is predicted to occur in '’C [5], no experimental

“Present address: CSNSM, Université Paris-Sud 11, CNRS/IN2P3,
F-91405 Orsay Campus, France.

0556-2813/2009/80(3)/037306(4)

037306-1

PACS number(s): 21.10.Ky, 21.60.Cs, 24.70.+s, 27.20.4n

evidence has been found for the presence of a long-lived
(>50 ps) isomeric state in '®N. So far, the level scheme
of BN has been studied in three types of experiments,
probing the charge-exchange reaction '*O(’Li, "Be)'®N [12],
the B decay of '8C [21] and the fusion-evaporation reaction
°Be(!'B.,2p)'8N [19]. In the charge-exchange reaction, excited
states were observed with a resolution of 10 keV only,
revealing two strongly populated levels around 121 keV
and 747 keV, a weakly populated level at 580 keV, and
two levels above 2 MeV (left panel of Fig. 1). The spin
assignments, shown in Fig. 1, were made by Barker based
on a weak-coupling model [22]. In the B decay of '8C, states
at 115 keV and 587 keV could be identified (middle panel of
Fig. 1), close in energy to the lowest states observed in the
charge-exchange reaction. The decay intensity of the 115 keV
level to the ground state was found to be more than a factor
two lower than expected from the analysis of the full data set.
It was suggested that this is due to a nonobserved long-lived
isomeric transition in 'N. In the fusion-evaporation reaction,
three levels were observed at 115 keV, 587 keV, and 742 keV,
respectively (right panel of Fig. 1). The lifetimes of these
states were measured using the recoil distance method [23].
The 115 keV level has a lifetime of 582(165) ps while the
other two have lifetimes below 40 ps. The technique used
in this experiment was not sensitive to long-lived isomers
because of the short time window (100 ns) used for correlations
between the y-rays and the two protons. Since the presence
of an isomeric state in ®N has not been confirmed so far,
the discrepancy between the two measured sets of nuclear
moments remains unclarified.

In this Brief Report we report on a new measurement of
the magnetic moments of '’N and '®N performed during a test
experiment which was meant to evaluate the performance of a
new S-NMR setup installed at the LISE beam line [24,25] at
GANIL. A technical description of the setup will be published
elsewhere [26].
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Both N fragments were produced in an intermediate
energy reaction, induced by a '80%* primary beam (1 uA,
74.3A MeV) on a 1182um °Be target. Spin-polarization of
the '7~!8N-fragments was obtained by putting an angle of
2(1)° on the primary beam with respect to the entrance of the
spectrometer and by making a selection in the longitudinal
momentum distribution. The "N isotopes were produced by a
projectile-fragmentation reaction for which the highest spin-
polarization is known to occur in the wings of the momentum
distribution [27-29]. For single nucleon pick-up reactions,
such as the production mechanism of the '8N fragments,
it was demonstrated that a large amount of polarization is
achieved in the left wing and in the center of the momentum
distribution [30]. Selecting a momentum window according to
these conditions resulted in about 2 x 10° polarized '"N-ions
per second and about 10° polarized '®N-ions per second at the
final focal point of the LISE fragment separator. A purity
of 94% was achieved for both secondary beams, using a
1020 wm °Be wedge degrader in the intermediate dispersive
plane. During the beam-tuning process, the transmission of the
secondary beam was monitored on three Si detectors, using the
standard energy loss versus time-of-flight technique.

In the B-NMR setup, the selected secondary beam is
stopped in a 2 mm MgO crystal at room temperature. The
particles, produced by the decay of the implanted fragments,
are detected in two AE/E pairs of plastic scintillators. Both
pairs are situated along the vertical polarization direction, one
above the crystal, the other below. When a polarized ensemble
of nuclei decays, an anisotropic B-radiation pattern is emitted
and the observed 8 asymmetry A is given as

_ N(@0°) = N(180°) _ g

T N(0°) + N(180°) = AP M

P is the polarization of the selected ensemble and Ag is the
asymmetry parameter determined by the S-decay properties
(e.g., the initial and final spins) of the nuclei under investiga-
tion. The ratio of the velocity of the 8 particles, vg, to the speed

of light can be taken as 1 since "N and N have high Q4 values
[Q5(""N) = 8.68 MeV and Q('®N) = 13.9 MeV]. When the
spin polarization of the implanted ensemble is destroyed, a
change in the S-asymmetry detection, proportional to Ag P, is
observed.

In the case of B-NMR, the spin polarization is resonantly
destroyed by hyperfine interactions between the nuclear spin
ensemble and the static and radiofrequent (1f) magnetic fields.
The static magnetic field By, applied along the polarization
direction, induces an equidistant (Zeeman) splitting of the nu-
clear m states. The energy difference between two subsequent
levels is proportional to the nuclear g factor and the magnetic
field strength: AE = guy By. Perpendicular to By, a rf field
with frequency v is generated inside a coil placed around the
crystal. When the energy hv of the rf field equals the energy
difference between two quantum levels, equal populations of
all m states are induced, resulting in an isotropic ensemble
and a zero B asymmetry. This happens when the rf frequency
corresponds to the Larmor frequency vy :

B
vy = gM;lv o' ?)

By scanning the § asymmetry as a function of the rf frequency,
the nuclear g factor can be deduced from the position of the
observed resonance.

While the polarized beam is implanted continuously, the rf
frequency is changed in discrete steps every 10 sec to 1 min,
depending on the lifetime. In order not to miss out on the
resonance frequency, each applied rf frequency is modulated
around its central value. The modulation range covers at
least one-half of the interval between two subsequent central
frequencies and is repeated at a rate of 100 Hz. After applying
all frequencies in a certain scan range, data without rf field
are taken as a reference. The complete cycle is repeated until
enough statistics are obtained. Depending on the production
rate and the detection efficiency, this takes 30 min up to a few
hours.
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During the 8-NMR measurement, the static magnetic field
By is monitored by the hall probe which is positioned at about
7 cm behind the implantation crystal. From the recorded field
value, the field strength at the position of the crystal can
be calculated, relying on the magnet calibrations performed
before and after the experiment. Using the average of both
calibration curves, a field value of 0.15967(12) T was obtained
for the !N measurements while By was 0.39971(33) T for the
B-NMR’s on '®N. The errors on these values consist of two
contributions, added in quadrature. The statistical contribution
includes the error on the field measured at the hall probe
position and the errors on the slope and the intercept of
the calibration function. The systematic error is given by
the 0.1 mT and 0.25 mT divergence observed for repeated
calibrations around 0.16 T and 0.4 T, respectively.

Three B-NMR measurements were performed on the
ground state of '”N. Initially, a broad frequency region was
scanned in steps of 10 kHz with 6 kHz modulation (Fig. 2(a)),
revealing a 0.56(6)% NMR effect at v, | = 864.7(20) kHz.
Two fine scans around the observed resonance confirmed
this result. The first fine scan was performed by scanning
a narrow rf-frequency range in steps of 4 kHz with a
modulation of 2.5 kHz (Fig. 2(b)). A Larmor frequency of
v 2 = 864.7(7) kHz was obtained. The same rf region was
studied by a second fine scan, applying frequencies which were
only 2 kHz apart and a modulation of 3 kHz. This resulted
in a Larmor frequency vy 3 = 863.1(15) kHz (Fig. 2(c)).
The function used to fit the three S-NMR curves includes
the Lorentzian line shape and the modulation [31] with the
resonance frequency, the position of the baseline, the FWHM
of the Lorentz curve and the amplitude of the resonance as fit
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FIG. 2. B-NMR results for '’N. (a) Broad scan with step 10 kHz.
(b) Fine scan with step 4 kHz. (c) Fine scan with step 2 kHz.
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TABLE 1. Resonance frequencies and amplitudes for the §-
NMR’s on '®N. The measurements were performed for different
momentum selections.

Momentum selection [slit positions] vy (kHz) Amplitude
Left wing [—45; —25] 997.1(13) 0.57(10)%
Center + right wing [—20; —5] 998.5(21) 0.37(9)%

Right wing [—5; +15] 996.5(30) 0.31(11H%

parameters. The outer right point in each f-NMR spectrum
contains the data taken without the rf field.

The weighted mean of the measured Larmor frequencies is
calculated to be vy ('’N) = 864.4(6) kHz. Consequently, the
experimental results for the g factor and the magnetic moment
of "N are |g(!’N)| =0.7102(7) and |u('’'N)| = |g|luy =
0.3551(4) py, respectively. The diamagnetic correction factor
for N isotopes in a MgO crystal equals +3.55(20) x 10~*
([32] and references therein). Since the induced effect is
smaller than the quoted error on the "N magnetic moment, no
diamagnetic correction is performed. The obtained magnetic
moment is in agreement with and five times more precise
than the published value |w('"N)|pupi. = 0.352(2) py [9]. An
extensive discussion and interpretation of the '’N result can
be found in Ref. [9].

To study the g factor(s) of '8N, the region around the
earlier observed value g = 0.3279(13) [14] was scanned
three times. In each measurement, seven central frequencies
were applied in steps of 16 kHz with a modulation of 10 kHz.
Three different settings of the momentum slits were used,
resulting in a different initial polarization for each f-NMR
measurement. A summary of the S-NMR results is given in
Table I and the resonance with the highest amplitude is shown
in Fig. 3.

The weighted mean of the three '8N Larmor frequencies
is calculated to be ¥ ('*N) = 997.3(10) kHz. Based on this
result, the g factor of '8N can be established: |g('’N)| =
0.3273(4). Assuming that this value corresponds to the g
factor of the 1= ground state, |('8N)| = 0.3273(4) puy is
obtained, in excellent agreement with the value | ("*N)|pupt. =
0.3279(13) wy, published by Ogawa et al. in Ref. [14]. The
result does not include a diamagnetic correction. Due to the
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FIG. 3. B-NMR result for ¥N.
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FIG. 4. 8N production yields (upper panel) and B-NMR ampli-
tudes (lower panel) as a function of the momentum-slit position. The
position and the opening of the slits are indicated with a horizontal
error bar.

limited amount of beam time, the g-factor range corresponding
to the result proposed by Neyens ef al. in Ref. [15] could
not be investigated in detail. A new measurement of that
g-factor region would clarify the discrepancy between both
experimental magnetic moments and it would confirm whether
or not a long-lived isomer occurs in '*N. A thorough analysis
and discussion of the '8N result can be found in [14] and will
not be repeated here.

The upper panel of Fig. 4 gives the '8N pick-up production
yield for several momentum selections, applying a primary
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beam intensity of about 4 nA. In the lower panel, the resonance
amplitudes corresponding to the momentum bins selected in
the three 8-NMR measurements are shown. In both figures, the
position and the opening of the momentum slits are indicated
with a horizontal error bar. The identical rf conditions, applied
in the B-NMR measurements, allow a direct comparison of
the resonance amplitudes, each proportional to the amount of
destroyed polarization. Therefore, the curve in the lower panel
of Fig. 4 describes the polarization of the nuclear ensemble
as a function of the fragment momentum. The curve seems to
follow the theoretical trend line [30], which is characterized by
a high value of the polarization in the left wing and a gradual
decrease when going from the center to the right wing. The
large error bars on the amplitude however hinder a clear insight
in the detailed behavior of the polarization as a function of the
momentum selection.

In conclusion, the magnetic moments of '’N and '8N were
measured using the S-nuclear magnetic resonance technique
at the LISE fragment separator at GANIL. For the "N
ground state, the magnetic moment |('’N)| = 0.3551(4) uy
was found. This result is 5 times more accurate than the
value published by Ueno et al. [9], illustrating that the
newly designed B-NMR/B-NQR setup is suited for precision
measurements of nuclear moments. For '8N, three B-NMR
measurements with different initial polarizations resulted
in |u("®N)| = 0.3273(4) uy which confirms the magnetic
moment published by Ogawa et al. [14]. A future g-factor
measurement around |g|, = 0.135(15) should examine the
result obtained by Neyens et al. [15]. Independently, new
B-decay and y-spectroscopy experiments that allow the
observation of a long-lived (=50 ws) isomer are needed. Also
a high-precision mass measurement can reveal the presence of
an isomeric state in '8N, provided that its half-life is more than
1 ms.
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