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I shall present a very brief summary of subjects selected from what Prof. Akito Arima has done in the
past years. I will focus on the initial works on the configuration mizing and on the Interacting Boson
Model. Since there are many literatures on these subjects, I shall concentrate what have been done at
the initial or at the pre-history stages. By doing this, we shall see how Prof. Akito Arima started from

the scratch.
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1 Introduction

Professor Akito Arima has devoted his intellectual ac-
tivities to the development of nuclear physics for more
than half a century. In fact, his scientific career seems to
have started around the year 1954, when the configura-
tion mixing theory has been proposed by him with Prof.
Hisashi Horie. In this year, he was only 24 years old.
The idea and some results of this work were published
in two papers in 1954 [1, 2]. Not only Prof. Arima was
young, but also nuclear physics was young in this year,
in the sense that the idea of the “independent particle
model” or “shell model” by Mayer [3] and Jensen [4] was
published in 1949, only five years earlier. Considering
that the communications were made mainly by the con-
ventional mail, i.e., the letter by papers, we realize that
Arima—Horie’s work was made in a really initial stage of
the history of nuclear structure physics.

I shall try, in this article, to recall some of major con-
tributions by Prof. Arima, while I do not attempt to
present a comprehensive overview of all his works. I fur-
ther focus on (i) the configuration mixing theory and the
development of the shell model and also (ii) the Inter-
acting Boson Model, particularly its very initial intro-
duction from scratch. This article is intended to be very
pedagogical so that those who are not familiar with con-
cepts or terminology of nuclear physics can understand

*Special Topic: Simplicity, Symmetry, and Beauty of Atomic
Nuclei (Eds. Jie Meng, Takaharu Otsuka & Yu-Min Zhao).

to a certain extent. I would like to concentrate on origi-
nal initial ideas and their outcome, leaving many things
untouched. In fact, Prof. Arima has presented many ex-
citing and important studies with his collaborators, but
such works are not covered by this article, expecting that
most of them are discussed extensively in the other arti-
cles.

2 Configuration mixing

The shell model proposed by Mayer and Jensen was ba-
sically the independent particle model (IPM) describing
nucleons moving in the nuclear potential [3-5]. The Har-
monic Oscillator potential was taken, and the one-body
spin-orbit interaction (i.e., £-s) and the so-called £-£ term
were included. The introduction of the spin-orbit interac-
tion generates the spin-orbit splitting, which was crucial
for the shell structure and magic numbers, 2, 8, 20, 28,
50, 82, 126. This empirical introduction is appreciated,
partly because the full explanation of the spin-orbit in-
teraction is still to come. Since its introduction up to
now, the Mayer—Jensen’s IPM or shell model has been
solid starting basis for the studies of nuclear structure.
The TPM indeed explained well as to which proton
number, Z, and neutron number, N, produce the closed
shell; if Z (N) is equal to one of the magic numbers listed
above, a closed shell arises for protons (neutrons). If both
Z and N are magic numbers, for instance, like 1630g, the
ground state is composed of a doubly closed shell. The
nuclei with the doubly closed shell can also be called
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doubly magic nuclei. The doubly magic nuclei play cru-
cial roles in the description of atomic nuclei. The single-
particle orbits of nucleons in the doubly closed shell are
completely occupied. This means that the doubly magic
nucleus should have the ground state of the spin/parity,
JP = 0%. Based on this property, the IPM tells us suc-
cessfully the spin/parity of the ground and some lowest
levels of nuclei comprised of a doubly closed shell + one
nucleon. For instance, 1Z0g is made by 8 protons (Z = 8)
and 9 neutrons (N = 9), and the 9th neutron must be on
one of the single-particle orbitals above the N = 8 closed
shell. The lowest orbital among them is the 1ds,, orbit,
and one thus sees that the ground state should have the
spin/parity JP = 5/2% since the other nucleons form
the doubly closed shell below Z = N = 8 with JF = 0F.
Virtually all nuclear states with the appropriate doubly
closed shell 4+ one nucleon can thus be described by the
IPM of Mayer and Jensen [5].

Despite such a success, the experimentally measured
magnetic moments showed substantial deviations from
what can be derived from the IPM, called Schmidt val-
ues. Some empirical trends were argued on these devia-
tions, but the origin was not clear. Arima and Horie then
presented a theory, called configuration mixing, account-
ing for these deviations. This theory is what I referred
to as the work began in 1954.

The magnetic moment of a given nuclear state can be
expressed as the sum of the expectation values of proton
spin and orbital angular momentum operators and those
of neutron spin and orbital angular momentum opera-
tors, where each term is multiplied by appropriate coef-
ficients, called spin and orbital g-factors for proton and
neutron. Within the IPM, these expectation values are
equal to the corresponding single-particle values, called
Schmidt values:

psp = {90 £ (95 — g0)/(2€+ 1)}, for j=££1/2, (1)

where ¢ implies the orbital angular momentum of the
single-particle orbit, j is the total angular momentum
coupled by ¢ and the spin 1/2, and g, and g, denote
g-factors mentioned above. This equation is valid for
protons and neutrons separately. Eq. (1) indicates that
there are two values corresponding to j = ¢+ 1/2 and
j=4£—-1/2for j >1/2.

Experimental values of the magnetic moments are not
well reproduced by either of two Schmidt values, and
are lying between them. This was a major puzzle. Arima
and Horie explained why the measured magnetic mo-
ments are found between two Schmidt values, apart from
a very few exceptions. In the IPM, a nucleon outside
the doubly-magic closed shell, or the core, is assumed to
move around the core without disturbing the nucleons
in the core, as shown in Fig. 1(a). This picture works
for the spin/parity of the ground state and the ordering
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(a) IPM picture (b) Excitation from the
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Fig. 1 Schematic picture of the extension of the IPM wave
function by the configuration mixing introduced by Arima
and Horie.

of a few lowest levels. However, as shown in Fig. 1(b),
this nucleon outside the core (black circle) can interact
with a nucleon in the core (white circle) through nuclear
forces, and can move it into one of higher orbitals (gray
circle). The occupation pattern of single-particle orbits
is called configuration in general. Obviously, such an ex-
cited nucleon creates configurations different from the
closed-shell configuration. This phenomenon was called
the configuration mixing. The mixing of different config-
urations should occur more or less in general. I would
like to emphasize that the configuration mixing theory
by Arima and Horie has the meaning beyond such gen-
eral boring remark and indeed implies some crucial ef-
fects due the mixing. They demonstrated this feature by
taking the example of magnetic moment [1, 2].

The magnetic moment is the response to external mag-
netic field. In the IPM, the magnetic field acts on the
nucleon outside the core (closed shell), and the magnetic
moment of the ground state, for instance, is obtained
as a diagonal matrix element, as shown schematically in
Fig. 2(a). Note that the core does not contribute to the
magnetic moment because of its spin/parity, J P =ot.

The magnetic field does more for wave functions
produced by the configuration mixing theory. It can
de-excite the excited nucleon (white circle) shown in
Fig. 1(b) back to the core (gray circle) as an M1 transi-
tion between two orbitals, as shown in Fig. 2(b). Alter-
natively, the magnetic field can excite a nucleon in the
core (white circle) to an orbital outside the core also as
an M1 transition, as shown in Fig. 2(c).

Arima and Horie investigated this mechanism in terms
of the perturbation theory, by employing a simple §-

(a) Schmidt value
(single-particle value)

(b) M1 transition
(de-excitation)

(¢) M1 transition
(excitation)

(&)

O -= :

Fig. 2 Schematic picture of the contributions to the mag-
netic moments due to the configuration mixing introduced
by Arima and Horie. The broad bent arrow indicate M1
transitions.
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function interaction as the relevant nuclear force [1, 2].
Fig. 1(b) is nothing but the first-order perturbation, and
the key point here is the coherence between the interac-
tion causing this perturbation and the magnetic transi-
tion. By having rather simple interaction, the effect was
studied carefully. The outcome was shown in terms of an-
alytic formulas and also in the form of numerical results.
I quote just a part of Table III from Ref. [2] in Fig. 3.
One sees nice agreement with experiments. Some other
aspects, for instance, the assessment of the second-order
perturbation effect, were investigated. This new theory
was so successful also in further developments [6].

The configuration mixing theory suggests that the nu-
clear forces working inside the nucleus can change nu-
clear properties in coherent manners with the mecha-
nisms of physical observables to a notable extent. The
outcome on the magnetic moments is quoted for instance
by Bohr and Mottelson [7] together with the work of
Blin-Stoyle and Perks [8]. We note that the concept of
the core is extended from the doubly closed shell to a
nucleus with even Z and even N assuming that those
even numbers of protons and neutrons are coupled into
pairs with JZ = 07.

The configuration mixing theory is a general idea, and
can or should be extended from the first order to the
second order. In fact, the second order process can be
dominant, if all configurations in the harmonic oscillator
shell are taken into account explicitly in more modern
shell-model calculations. This feature will be important
for the Gamow—Teller quenching issue.

The configuration mixing was applied to the
quadrupole moment also [1, 2], suggesting much larger
effects. However, this was not referred by Bohr and Mot-
telson, possibly because the Nilsson model is supposed
to be used for this purpose. This is an interesting obser-

Table III. Magnetic moments of (1/24) nuclei

odd-proton nuclei (psp = 2.79)

nucleus P-configuration N-configuration Heal Jexp
(ds/2)? 2.66  2.63

(ds/2)® 1.36  1.13

(i13/2)'? (p3s2)* 144 161

(i13/2)'* (p3j2)* 145 163

oF19 51/2
15P3Y (ds52)® sipo
81T1203 (hy1/9)'? s1/9

81 T120% (hyy/9)12 s1/0

odd-neutron nuclei (psp = —1.91)
145i2° (ds /2)° (ds/2)®  s1/2 —0.54 —0.56
4gCd11! (99/2)® (9772)° (d5/2)®  s172 —0.49 —0.59
48Cdt*3 (99/2)® (d5/2)®  s172 —0.77 —0.62
505015 (90/2)"° (d5/2)®  s172 —0.73 —0.92
50507 (99/2)*° (d5/2)® (h11/2)*  s172 —0.50
—1.00
K (d3j2)?  s1y2 —1.25

Fig. 3 Magnetic moments calculated by the configuration
mixing theory. Taken from Table III of Ref. [2].

Takaharu Otsuka, Front. Phys. 13(6), 182102 (2018)

vation.

We should note that the basic idea of the config-
uration mixing leads us to the concept of effective
nucleon-nucleon interaction including renormalization
effects from 2p-2h excitations or higher.

3 Shell model studies

Probably based on successful applications of the config-
uration mixing theory, Prof. Arima enthusiastically de-
veloped and coordinated shell-model studies with various
collaborators in Japan and in US [9-13].

The subjects started with systematic calculations on
light nuclei in the p and sd shells [9, 11, 12], included
a challenge to identify intruder states around the '$Og
nucleus [10], and were extended to an empirical deter-
mination of the effective nucleon-nucleon (N N) interac-
tion. The last subject was made mainly during his stay
in Argonne [11]. The pseudo coupling models utilizing
characteristic algebraic structures are one of the favorite
games of Prof. Arima, for instance, the pseudo LS cou-
pling and the pseudo SU(3) coupling [13].

The a-particle and other clustering phenomena at-
tracted much attention of Prof. Arima also [14], and the
combination with the SU(3) scheme of the shell model
was one of the subfields where Prof. Arima and his col-
laborators had a considerable advantage [15]. The calcu-
lation on the a-decay width was appreciated [16].

Prof. Arima has been very keen in developing and sup-
porting shell model calculations. He was pushing such
activities in Japan, keeping up with world-wide devel-
opments, see for instance, [19, 20]. He encouraged sev-
eral people to create new computer codes for large-scale
shell model calculations with then-advanced computers.
Even the author was somewhat involved. The tradition
he implanted played very important roles in the stud-
ies made later in the Tokyo group, and may have led
this group eventually to the creation and developments
of the Monte Carlo Shell Model [21, 22]. Although Prof.
Arima has no direct relation to this research activity,
his support has been present continuously, which can be
appreciated by the wider community.

4 Spin-isospin mode

The shell model is a suitable theoretical framework for
the studies on the spin-isospin properties, as the shell
model handles different correlations on an equal footing.
Prof. Arima devoted much efforts and energies to the
studies on the spin-isospin modes, particularly magnetic
and/or spin properties as well as Gamow—Teller transi-
tions. The main issue was the quenching of transition
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strengths. This is a very important subject for him, and
should be covered in other articles of this proceedings.
The exchange current has been another important sub-

ject. It was studied also when he was in Stony Brook
[17].

5 Interacting boson model

After working extensively with the shell model, the re-
maining area to be explored in nuclear structure physics
was, for Prof. Arima, the collective motion and the defor-
mation, particularly quadrupole deformation. Contrary
to the present research frontline, the shell model was not
able to describe heavy nuclei where the collective mo-
tion becomes more pure and visible. On the other hand,
he had an ample experience of algebraic treatments of
fermions and bosons. Here comes the Interacting Boson
Model (IBM). Before the IBM was proposed with Prof.
Francesco Iachello in 1975 [25], Prof. Arima had some
ideas as to how to describe the quadrupole collective mo-
tion algebraically in terms of bosons. I quote the proceed-

-E47-

OB # A CHEKRE)

Wi TIk

i) #kH KD correspondence argumentizon T

ii) #F M, KPGEKOGeneralized coordinate method & i Miodeld

@ Nz D T

i) KD effective interactioniz DT
W33 DoDIT AV E Lk,

CZTREUIZDVWTHELTHL, Thitboson F{lizisid 3 rovtational
scheme & vibrational schemed PR Koivibrational state iZ
DWTOLGEZ DN TDRTS B,

— iz & RALIR SU, TABTE B, HHZ boson DEAR CATKAE S
CEREbAL Th, BLeMHRE NBFERBZLITITHD, ST OBSH
L LTOy BHbD, tid boson A seniority 2 A,
(2,0) &BE#RFA&E B, Bonr dvibrational model T,

Db VI, By 0y VKO - KD oode @&nﬂk‘ N:/H—Znﬁ
DOHFRIZH B, (Wilet Jem). ATO, DTLHMMET I eH, 0, %*
canonical chain & LTARZB, 08U, XS &REETHIND, 4D
DRATAZBBIE O DFERHEK B, 4D LS BLgHoHEICRHERD
D53HDO—2RAKAT. 3D2OBRFETCTHL, #2T0, k1, a, L, M, T
SERICRIEDOGBIAHESL, COM L=, a+1, - 2u—=2, 20 THDHT EN
AFHA K By L=2u—-1 BRATWDZ LiCEBEINRZWV, T3LTHDEH
DI ENNEFENEDOND, :@@&N&~;EI:L*CE'€icwmiwinﬂ::
0 DIPLHX 0,04 I D TV B, £ T TR UTHIZHED TH B &, N2t
—DTDL 2 BIHED TREAE 2 TTFE, LILDTIT, TOLOVHKE
NWEBEIERSD. SenbEREY VDL SCREB L Bbnbd, T

ings report of the workshop “Nuclear Collective Motion”
held in May 18-20, 1967 at the Research Institute for
Fundamental Physics (now Yukawa Institute for Funda-
mental Physics), Kyoto University. The proceedings was
published in the journal Soryushiron Kenkyu [23]. But
this journal is published in Japanese. Figure 4 shows the
first page of the article by Arima, as well as the other
pages. I display the original pages in those figures, oth-
erwise non-Japanese would never have an opportunity
to see them. Even the web site shown in Ref. [23] is in
Japanese. Some parts in Chinese characters may be un-
derstandable for the readers of the present journal. The
English translation can be found in Ref. [24]. Note that
this article is quoted as Ref. [2] in Ref. [25].

The texts in Fig. 4 include the construction of states
with a spin-2 boson, i.e., d-boson. The states with N
d-bosons, depicted as dV, are classified by totally sym-
metric representation [N] of the SU(5), or SUs group.
More elaborate discussions can be found in relations to
the vibrational structure [26, 27] and also to the Wilet-
Jean model [28]. The models with the d-boson were used
in many works, for instance, [29], but Prof. Arima is, at

Three Comments *)

Akito ARIMA
Department of Physics, Unwversity of Tokyo, Tokyo 113 **)

Translater’s note: This article is the translated version of a proceedings report of a talk
given in the workshop “Nuclear Collective Motion” held May 18-20, 1967 at the Research
Institute for Fundamental Physics (now Yukawa Institute for Fundamental Physics), Kyoto
University. The proceedings was published in Soryushiron Kenkyu (vol. 35 (1967), page
E47-E50), in Japanese. The translation was intended to be as direct as possible. The words
in the square brackets in italic (i.e., [italic]) are additions by the translater. Some trivial
mistakes have been corrected in the translated version.

I made, in the workshop, three comments such as

e (1) on the correspondence argument of Sakai,

® (2) on the relation of the generalized coordinate method of Yoshida and Onishi
to the Tkeda model,

e (3) on the effective interaction of Bando.

In this article, I shall present some notes on comment (1). Specifically, this article
consists of discussions on the relation between rotational and vibrational schemes in
a boson approximation, and discussions on the classification for vibrational states.

One can classify, in general, dV configurations in terms of SUs. For bosons, in
particular, one does not need to make such a general statement, and, in fact, only
fully symmetric states [N] are allowed. There is a subgroup Oj for the group SUs.
For bosons again, the irreducible representation is determined as (A, 0) by using the
seniority A. In Bohr’s vibrational model, one can introduce variables 3, v, ¢, 6, ¥
instead of «v,’s. The seniority A can then be related to ng as N = A+ 2ng, where ng
denotes the number of the nodes of the B-vibration. (Wilet Jean). Here, we include
Oy into the canonical chain, so as to classify O5 completely. Since Oy is isomorphic
to SUy x SUs, the classification of O4 can be made in terms of four parameters.
In a fully symmetric case, as is the present one, one of these four parameters can
be dropped, and we need only three quantum numbers. Hence, the states of the
present O system can be classified completely by A, p, L and M. One can then
prove that L = p, p+1, ---, 2 — 2, 2. Note that L = 2p — 1 is missing. Thus,
one obtains a beautiful classification as shown in Fig. 1. When one views this figure
in the horizontal direction keeping N constant, the ng = 0 part gives rise to the
classification of Os. We shall now look at Fig. 1 differently, sweeping from the
bottom upwards. As N increases one by one, we find more states, and the values
of L change. One finds a clear regularity in the pattern of these variations, which
actually appear to be similar to [the pattern of | rotational levels. I suspect that this
[similarity | is the “correspondence” addressed by Sakai.

Fig. 4 The first page of the “Three comments” paper. The left panel displays the original paper as taken from p. E47 of
Ref. [23], while the right panel exhibits its English translation, as taken from Ref. [24].
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least, one of the first physicists (the first to the author’s
best knowledge) who had shown the complete classifi-
cation of all the states and the formula for the energy
eigenvalues with three quantum numbers as displayed in
Fig. 6.

Figure 5 is the next page of the same article and in-
dicates a completely different and even more important
messages. First, the s-boson, a spin-0 boson, was intro-
duced. Secondly, the total number of the s-boson and
d-boson is conserved in a given nucleus, or at least for a
given set of its states. By denoting this total boson num-
ber as Ny, the states we have to deal with are written,
besides other quantum numbers, as

sNo=NgN, (2)
This is nothing but the IBM state. It was further stated
that the (Q-Q) type boson—boson interaction gives us
eigenstates in terms of the SU3 group, of which the state-

classification scheme is shown in the lower part of Fig. 5.
Here, the @) operator stands for the quadrupole moment
operator. This is similar to the fermionic SU3) case in
the shell model by Elliott [30], and is essentially equal
to the SU(3) (or SU3) limit of the IBM [25, 32, 33]. The
resulting level scheme is shown in the left panel of Fig. 7,
where the beautiful appearance of rotational bands can
be seen. The right panel of Fig. 7 exhibits the levels
given by the SU(3) limit of the IBM [25]. As the total
boson number is 4 and 8 in the left and right panels, re-
spectively, differences arise. However, the overall pattern
resembles between the two. The proceedings paper was
so short and somewhat incomplete: some degeneracies
are not exactly practiced (maybe due to drawing). Thus,
many extensive studies were needed on top of the initial
idea and have indeed been carried out to great details
later [32, 33].

The O(6) limit was not mentioned explicitly in the

I now present the following discussions in order to clarify the relation of the level

structure mentioned above to the rotational one. Assuming that the quantity Ny
[,which is to be defined,] has an upper limit, I introduce a hypothetical s-boson so
that the total number of bosons is conserved. Then, the above arguments can be
applied to the classification of the states, sNo~NdN . T introduce further a boson-
boson interaction of the Q-Q type between bosons, and then diagonalize it. It turns
out that the classification in terms of the SU3 group is more convenient, producing
[the level scheme shown in | Fig. 2. In this figure, Ny = 4 is taken. In general,
for fully symmetric states in the (s, d)Yo configuration, the following sets of the SUs
irreducible representations emerge;

»
&
o
7
>
-
[~
[y
(=)
w
o
*]
'5
=
=)
R
o

(1) (2No, 0), (2No — 4, 2), (2No — 8, 4), - -,
(2) (2N — 6, 0), (2Np — 10, 2), (2No — 14, 4), -+,
(3) (2No — 12, 0), (2N — 16, 2), ---

cte. The values of L belonging to these (A, 1) irreducible representations are given,
accordingly to Elliott, by

K = min(A\, p), min(A, pu) — 2, -+, 0 or 1

L=K K+1, K+2, -+, K+ max(\ pu),

where L = 0, 2, 4, --- , max(\, p) for K = 0.*) Therefore, if Ny = 4 (the total
number of states is certainly the same between Figs. 1 and 2),

\ K L
W

(8,0) 0 0 0 2 4 6 8
4 0 0 2 4
m| @2"
2 23456
0, 4) 0 0 0o 2 4
2) 2,0) 0 0 0 2

Since the eigenvalue of (Q - Q) is )‘2—+’\E~9"f + M;ﬁ - TI'EL (L + 1), one ends up with
[the level scheme in | Fig. 2. A remarkable correspondence between Figs. 1 and 2
is noticed in the region of low excitation energy. A model with s and d bosons has
also been discussed by Taruishi of the Tokyo University of Education [now Tsukuba
University |.

Fig. 5 A part of the second page of the “Three comments” paper translated into English [24].

Takaharu Otsuka, Front. Phys. 13(6), 182102 (2018) 1391095
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3 n=2
L=4 L=2 !
2 - n=2
L=2  _
1 #=1
L=0
0 ©—=0
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N=—yu

A B
Ubv=0o Jﬂtvzor‘ﬂ:O
LMzl | DEEL
L=4 L=4 =2 L=0
a=1
L=0
L=
=0 2 )
' L=0
|
n .
A=, v=0 o,
nﬁ:()’ y=1 ﬂ:z;
ry=0
N=u+3

Fig. 6 A part of the third page of the “Three comments” paper [23]. The phrase marked by A (B) means “repetition of

v =07 (“repetition of v =0, ng = 07).

I
i
E (MeV)

K=2 K=0 K=0 K=0

. 0,4) (2,0) 0-

K=0 (4’2)

Se. O
10 10— 4+ 4% 4+
R
142 9s_ (2)+: o
6 8t k=0 52
7+
6 6 ®.4)
12+ s
4 4e
s 3=
0 2=
10— o K72
(12,2)
6+

2t
0
K=0

(16, 0)

Fig. 7 Left: Fourth page of the “Three comments” paper, showing a rotational spectrum. Taken from p. E50 of Ref. [23]. See
the text. Right: Level scheme of the SU(3) limit. A part of Fig. 1 of Ref. [25].

proceedings paper, but the classification shown in Fig. 6
has a close relation to the O(6) limit. Figure 8 displays
the energy levels obtained by the O(6) limit, and one
sees that the basic classification scheme in the O(6) limit
stems from the O(5) structure of the SU(5) limit of the
IBM. Physical consequences of the O(6) limit was intro-
duced and discussed in detail in Refs. [33-35].
Although some of the initial ideas were conceived ear-
lier, the IBM has been developed by the collaboration

132102-6

with Prof. Francesco Iachello [25, 31-36]. Without this
collaboration, it is very likely that no actual outcome
would be obtained. In the systematic development, the
general framework of the SU(6) s-d boson system is for-
mulated [25]. The vibrational case corresponds to its
U(5) limit [31], the axially-symmetric rotor case is de-
scribed by its SU(3) limit [32], and the y-soft deformation
is treated by its O(6) limit [34, 35]. A variety of proper-
ties of physical observables are presented [31-33, 35, 36].

Takaharu Otsuka, Front. Phys. 13(6), 182102 (2018)
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fMeV) 6, 1) (6,2 (40
341242 oy \\\ ‘\ /
T8ty 6 6yl 8+
27 + 61 S5t 4+ |

81 7 65t 4, 643,
86t sy 4. . 49
1 04+ 3+ - 2= 2:_
4+_2; 0= 0=
2t
09 o

Fig. 8 Energy levels of the O(6) limit of the IBM. A part
of Fig. 1 of Ref. [35].

4
0 6%y e 4% Xe isotopes

5] T Fm o .
s
Q
2 21
fo’

l -

O T T T T T T

66 68 70 72 74 76 78 80
Neutron number
Fig. 9 Energy levels of Xe isotopes as a function of N.
The symbols are experimental data, while the lines show the

results of the microscopically derived IBM-2 Hamiltonian.
Taken from Fig. 22 of Ref. [40].

The initial work on the relation to the shell model
has been discussed in Refs. [37-39], by introducing the
so-called OAI (Otsuka—Arima-Tachello) method. There
have been many developments, and we have obtained a
reasonable understanding of the microscopic basis of the
IBM by now. Although this subject can be overviewed
somewhere else, an example is depicted in Fig. 9 [40].
This figure indicates that the low-lying energy levels of
O(6) nuclei can be calculated by the IBM-2 Hamiltonian
derived fully microscopically within the OAI method.

6 Summary and perspectives

I have tried to present a very brief summary of some
of major works by Prof. Arima. As Prof. Arima has
made tremendous amount of important contributions,
an overview of all of them is practically impossible. On
the other hand, some initial works are so crucial to the
present nuclear physics but have not been recognized
widely. My attempt was to shed light on such works,
which are the configuration mixing theory and the pre-
historical work for the IBM. The configuration mixing

Takaharu Otsuka, Front. Phys. 13(6), 182102 (2018)

theory was started for the first-order perturbation calcu-
lation of the magnetic moment. The configuration mix-
ing has been developed and extended to second-order
processes, for instance, to explain the quenching of tran-
sition strength. The configuration mixing is the key con-
cept for the renormalization of effective nucleon-nucleon
interaction, which is still a hot topic presently.

The pre-historic concepts of the IBM are introduced
in this article too. They have been mentioned elsewhere
several times, but have never been explained in a liter-
ature. We can see that some of the key concepts were
there, while many works have been done afterwards. For
the IBM, a more comprehensive microscopic derivation
directly related to the mean field theory has been pro-
posed [41], which also concludes (at least one of) my
major scientific commitment to Prof. Arima.
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