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Abstract

The intensity of the magnetic field produced by the
spin-orbit interaction, which is the base for measurements
of nuclear magnetic moments with short lifetimes excited
states, is usually parametrized by functions that depend
on the interacting ions and the stopping material. In
this contribution, some of these parametrizations will be
presented in order to discuss the role that they occupy in
the measurement of nuclear magnetic moments of excited
states of short duration.
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Resumen

La intensidad del campo magnético producido por la
interaccién espin orbita, el cual es la base de las medidas
de momento magnético nuclear con estados excitados de
muy corta duracidon, es usualmente parametrizado por
funciones que dependen de la interaccién de iones y un
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material de frenado. En ésta contribucion, algunas de éstas
parametrizaciones seran presentadas con el fin de discutir
el papel que juegan en la medicion de momento magnético
nuclear de nucleos con estados excitados de corta duracién.

Palabras clave: Momento magnético nuclear, Campo Transiente,
Factor g, estructura nuclear.

Introduction

The measurements of nuclear magnetic moments is to date the
best tool to identify and characterize the nucleon’s currents which
dominate the nuclear wave function. The systematic study of
nuclear magnetic moments, in several mass regions, has been
a decisive tool for the comparison of different nuclear structure
models. The Transient magnetic Fields (TF), which appears in
the interaction of ions moving at around the Bohr velocity inside
a ferromagnetic polarised material, presents the high strength
(~100T) [I] that makes possible the experimental study of nuclear
magnetic moments of nuclei in excited states with short lifetimes
(~ ps).

Different parametrizations of the TF are being used by groups
performing experimental studies of nuclear g factors, and a
description from first principles of the nature of the TF is one
of the challenges that should be addressed during the forthcoming
years [2].

In this contribution a short review of the most common
parameterizations utilized in nuclear magnetic moments
measurements, in short-lived excited states, will be presented.
A special emphasis will be made in their range of use and the
challenges that future parameterizations should address.

Nuclear Magnetic Moments Measurements

The precession angle, Af, of the nuclear spin originated by the
interaction between the nuclear magnetic moment and the TF' is
given by

gpun [ :
Af = _TN Brp(v(t), Z)e = dt. (1)

tin
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In Eq. the information about the magnetic moment is located in
the so called g factor, g = %7 where py is the nuclear magneton
and [ is the nuclear spin of the state; Brp denotes the transient
field as a function of the velocity v of the ion inside a ferromagnetic
and the atomic number Z of the nucleus, 7 is the lifetime of the
considered state and t;, (f,u¢) are the input (output) times of the
nucleus into the ferromagnetic material. The exponential factor
of decay (e +) is the relationship between the amount of time
in which the nucleus is embedded in the ferromagnetic material
and the lifetime. The term Brpr denotes the intensity of the TF.
A function for Brp obtained from first principles is difficult to
obtain due to the complexity of the microscopic description of the
spin-orbit interaction. Some of those difficulties are addressed with
a certain level of details in Refs. [Tl 3.

The lack of a microscopic detailed description of Brp has been
overcome by applying a parametric representation for the field
strength based on calibration measurements. Below we will describe
the most utilized Brp parametrization in the measurements of
nuclear magnetic moments with the TF technique.

Transient field parametrizations

The transient field parametrizations represent the field strength.
They are used to calculate the field strength of the transient field
for the given experimental condition, like velocity and charge of a
probe ion.

All parametrizations depend on the protons number in the
accelerated ion (Z), the velocity of the ion in the material relative
to the Bohr’s velocity (v/vg) and a strength parameter a.

Rutgers Parametrization

0.45+0.18
Byp = a - 711402 (Uﬂo) M 2)

This is the only one parametrization that includes the
magnetization of the ferromagnetic material (M) and a non-linear
dependence for Z and (v/vg). The strength parameter has a value
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of a = 96.7 + 1.6. Table [I| presents the g-factor values utilized for
the fit of the parametrization, only one isotope has been used in
a Gd layer. The magnetization for this case is proportional to the
number of electrons per atom polarized and it has to be known for
each ferromagnetic layer. The parametrization is valid for a broad
range of isotopes (8 < Z < 80).

Tron Gadolinium

Nucleus g(27 7 (ps) Technique Ref. | Nucleus g 7 (ps) Technique Ref.
MNe  0.54(4) 1.0 RIV/D [

TNg  051(2) 20  IMPAC |5

®Si 053(2) 068 IMPAC  [0)

TFe  0.60(8) 10 IPAC,R [0

) v

mh%ii 0%2 15%(:))9) II};\/I\?% Sj 28 042 163 IMPAC [

(2
T0Cd  028(5) 7.4(6)  IPAC 10]
BIBa 0.43(5) 70  IMPAC [1I)
[€)
(25

Nd  0.33 123(3) IMPAC [iZ]
Ipy  0.274(25) 60(4) IPAC 13]

TABLE 1. g-factor measurements and lifetimes for nuclei traversing in

iron (right) and gadolinium (left) used for the formulation of the Rutgers

parametrization. The convention for the information about the experimental
techniques follows the convention of [I4].

Bonn Parametrization

(%

BTF:a~Z~( >p-G-R(Z) (3)

Yo
where R(Z) is the relativistic correction which is ~ 1 for values of
Z 2 30. The a and p parameters are 12.3 £ 1.7 T E| and 1.06+
0.25 respectively [I16], to obtain a linear dependence in the
p parameter was taken as =~ 1. The TF was estimate from the
adjusted Lindhard and Winther theory [1-4] (ALW) [16]. The G

parameter differ for each ferromagnetic layer of Gadolinium and
1 less
Artesy
loss of ferromagnetism « is 1.0(1) and 0.5(1) and the decay constant
Ar'is 0.4(1) ps and > 1.0 ps for Fe and Gd respectively [17]. The

nuclei arranged in Table [2] which are excited via proton inelastic

Iron and is given by: G =1 — « , where the probability of

1Valid for average number of polarized electrons per Fe [15].
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scattering. Bonn parametrization is valid for larger atomic numbers
(Z = 10) [16].

Iron
Nucleus g-factor 7 (ps) Technique Ref.

BN g(17)=-1831) 45 RIV/D [
B0 ¢(20)=-0193) 207 RIV/D [19
2Ne ¢(2{)=0.3252) 36 RIV/D [0

Mg ¢2))=051(4) 145 IMPAC [
BFe  g(25)=061(16) 69 IMPAC |27
WPy (27)=0.345(3) 34  IPAC 23]

TABLE 2. g-factor measurements, used in the construction of the Bonn
parametrization, obtained from different experimental techniques [14].

Chalk River Parametrization

Brr=a-Z- (3> 7P (4)
Vo

The Chalk River and Rutgers parametrizations are
contemporary. In the experiment it was found a fudge factor
to account for the observed down turn of the Brp for larger Z. The
Brr has linear dependence with Z and v/vy. This parametrization
take into account the decline of TF' in the region of high velocities
and this is valid in a regime of velocities of 6vy < v < 10vqy for iron
and 2.4vy < v < 10.2vg for gadolinium, is specially calibrated for
the region of heavy nuclei and rare earth. The g factors used in the
calibration of the TF are arranged in Table [3] which were excited
via Coulomb excitation being impacted by radioactive beams.
For ions traversing into layers of iron the strength parameter is
a=15.5+0.8 T and § = 0.1. The values of a and g for Gd layer
are arranged in Table

Stuchbery Parametrization
2 4
Brr=a- A (ZLUO) . e(QZvO) (5)

Stuchbery’s idea was to have a parametrization for high
velocity projectiles were the probe ions are mostly bare. This
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Tron Gadolinium

Nucleus g-factor 7 (ps) Technique Ref. | Nucleus ¢(5/27) 7 (ps)  Technique Ref.
10Tm  ¢(1/2%)=0.1145 stable  AB/D 24]

T28m g(4%)= 0.42(3) 566  IMPAC  [25) | srpors

15m g((4+)):0.392((2>) 165 IMPAC 55 #TPbT0303(1) 186 IPAC ]
SGd g(47)=0362(1) 148 IPAC |2 mH (D) 3 Ref.
BGd  ¢(47)=0.387(1) 112 IPAC 25)

VL g(4F)=0338(1) 144 CER |2 | ®!Th™ 79  269(16) 0.1 7]
0Dy g(41)=0.44(5) 73 IPAC |27 | =07 88  sL2(17) 01 0]

TABLE 3. g-factor measurements for nuclei in Fe (right) and Gd (left); used in

this calibration, with the respective experimental techniques [I4]. The nucleus

of 232Th and 238U (left), were taken into account experimental measurements

of precession in different energy transitions to the calibration of TF'; for which

presents the average value of the spin on the table. * For these nucleus was

assumed a factor g = Z/A. ** To lead the force parameter ¢ = 28.0 & 2.6 and
8 =0.134+0.03 [26].

parametrization has a non-linear dependence with Z and v/vy. The
constants ¢ and P are 1.82 + 0.05 T and 3 for Fe and 26.7 £+ 0.1
T, 2 to Gd respectively. Stuchbery formulation can be applied
to the general concept of distribution of charge state 1s. This
parametrization is valid for ions at high velocities (v, = ﬁ )
and a range of atomic number 6 < Z < 16 (light ions) . For the
experimental measurement of g factor the nuclei arranged in Table[4]
were used, this measures were made by the Rutgers group [28].

Tron Gadolinium
Nucleus g-factor 7(ps) Technique Ref. | Nucleus ®(mrad) tosf (fs) state Ref
BC  ¢(/2') = —050(5) 118(6) RIV/D |9 | 1O  36(3) 36135 3 30
IO g(37)=055(3) 266(7) IMPAC [BI] | %Ne  2.74(40) 190(19) 2t 32]
WNe  ¢(2)=054(2) 10400) CER B3l | 2Si  5(10)  140(8) 2" )
Mg ¢(27)=051(2) 157(5) CER [ 70 (14)  207(8) 2+ )
Asi g(2%) =0.59(9) 0.49 CER 36) %S g-factor  7(ps)  Technique Ref.
DS g(27)=04709) 016 CER [ 050(3) 0.246(9) CER [

TABLE 4. g-factor and precession angle measurements used in the Stuchbery
parametrization. The experimental techniques of g were taken of Ref. [14].

Discussion

In this contribution a short overview of the parametrizations
utilized in the TF technique has been presented. All
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parametrizations depend on the speed of the ion and the Z
of the target, either Gd or Fe. To date, no other materials
have been utilized in experiments using the TF technique. The
use of new designed materials that can be fabricated controlling
characteristics, such as the magnetization, should be explore.

In general all parametrizations presented in this contribution
have comparable results in the particular range 2.0 < v/vg < 8.0,
and has obtained from a g factor in a specific velocity range [IJ.
A systematic comparison of the results of g factors using the four
parametrizations could help to discriminate the differences between
themselves, this is a work in progress that will be presented in a
forthcoming paper.

All parameterizations are constructed for a region of truncated
masses, none is universal, and the lack of theoretical developments
in the area suggest that these parametrizations are going to be
utilized for a while. Theoretical research in this topic should be
encourage to be incentive.
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