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On Closed Shells in Muclei. 11
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EE spins 2nd magnetic moments of the even-add nuels;
kave been used by Feenberg* and Nordhelm? to dess-
mice the angular momentum of the eigenfunction of the odd
particle. The eahulations given by them indicate that spin
oebit coupling favors the state of higher total angular me-
mentum, If strong spint-erbit coupling, increasing with angular
momentum, is asumed, a level assignment diferenc from
either Fesnbery or Nordhaim is obtained. This assignment
encounters a very few contradictions with experimental faces
and requires no major crassing of the levels from those of a
“aguare well potsncial. The ic num 3 126
gotur at the place of the spin-orbic splicting af levels of high

angular momentym,

Table [ eantaing im eolumn twe, 3n order of decreasing
binding enecgy, the lavels of the square well potencial. The
quaniun: numBer gives the number of radial nades. Twa lewals
of the same quastum number cannot cepss far any typs of
pateatinl well, excapt due to spin-achic splizting. Mo evidence
of any erossing i= found. Column three containg the usyzl
sprciroscapic designation of the levels, as wsed by Nordheim
and Fesnberg, Calumn one graups tegether thoss [ovels which
ore degenerane for o cheee-dimensional Lsotropic seelllztor
poteneial. will have a behaviar in
between these two potentials. The shell rouping is given io
column fve, with the numbers of particles per ailﬂl and the
fatal nuember of partcles up o and including sach shall in
column six and seven, respectively,

Wichin each shell the levels iy be expoceed to be clode in
energy, and Aot necessarily ‘n the order of the table, although
the arder of levels af the snme orbial angular morsentum and
dilferant spin should be maintained, Two exnceptions, MNa¥

TR

THE EDITOR 1054

with spin 3/2 in svead af the expected dye, ands, Ma® wigy £ °
testead of the expected S are the only viclations.

Table IT lists the known sping and orbital Qasignmens from
ng'l!l:it maomentst whan thase are Laswn and |_|n.'l_|'|1.|:|E-.5::::s_
for che even-odd nuclei wup to 83, Beyond 83 the daea is
limited and no exceptions to the assignment appear.

Up to Z or N=10, the asignment is the same as thac af
Frenbecg and Nordheim. At the beginning of the nsxr shell,
Ferz levels coour ac 21 and 335, as they should. At 23 the f: .
levels should be flled, and no spins of 7/2 are encouncersd
any more in this shell. This subshell may contribute ea the
stabilicy of Ca'. If che g level did not cross the fysOr fus
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[ewvels, the Gest spin of 9/2 shauld oeous ak 4L, which = indenrd
the case. Three auclel with % or Z =49 have Fara Brisits, Na s
of ¢ levels should oceur in this shell and there [s no avidence
for any. .

The only exception ta the peopased asgignment in chis
ghall is the spin 5/2 instead of 7/2 for Mn®, and the facs thar
the magnetic moment of 5 Ce% indicates o goyg orbit insted
af the expected fye, n

Ia the next shell two exceptions to the assignaent ooons
The spin of 142 for Mo™ with 33 would be a violatien, but -
experimentally doubstful, The magaetie mament of Lo
tndicates fuz inatead aof the predicted dys. No kpys levels
appoar, [t seems thac these levels are flied in pairs unly,
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On the "Magic Numbers" in Nuclear Structure

Orro Haxes
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SIMPLE. explanacion of the “magic numbars” 14, 25,
30, B2, 126 followa at ance from the oseillator model of
the nucleus,! if one assumes that the spin-orbit esupling in
the Yukawa feld theory of nuclear forces leads te a strong
splitting of & term with angular momentum ¢ inte twoe distnct
terms j—IiLi
I, as & first approvimation, one deseribes the field potential
of the suzcleons already present, acting on the last one added,
as that due to ar isotropic oscillaros; then the enerpy levels
are characterized by a zingle quantem numbser 7 =5 4 Fatry,
where ry, ra, vy are the qeantum rumbers of the pseillator in 3
orthagonal directicns. Table I, column 2 shows the muld-
pliciey of o tesm with a given value of F,ooolimp 3 the sum of
all multiplicities up 19 and including r, Isniropicarharmanicity
of the potential field leads to a splitting of cach r-term accord:
ing o the acbical angular momenta F{ even when r & add,
and vice versa), as in Table [, column 4. Finally, spin-orhic
coupling leads ta the fterm splicting into F={24, columns 3
anil &, whoss multiplcites are sved in column 7.
The "magic numbers™ (colwmn B} follow at once an the
assurmption of a particularly macked splicting of the term wich
the hi:hl:ﬁl: anpguiar mortaniem, [usul{iﬂg in a "closed shell
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structure™ for each completed regroup, together l._'.'illi tha
highest §-term of the next succeeding fegroup. This classn
fication of states is in good agreement with the spins and meay.
netie moments of the nuclei with odd mass number, =0 [ar
az they are known at present. The arharmoaic oscillatar
prodel seems 1o us preferable to the potensial well model
since the range of the nuclear forces is not notably smaller
than the aucless radivs,

A more detailed account will appear in three comomuatica-
tons to Naturwissenschafvent

| S, ez, H. AL Haethe and R, Haches, Hev. Mod, Phys & 23 [1537],
pars. 32=34.

PWhich anyhew does not lemd 8o 8 wery diffessnt Lesmgequence mme
pared with ikat of as acharmamic cacillatos, se: eelerance 1, N

V1a) Haxel, Jensen, and Suess, Maturwlss. [in press), {bd Suess, Hosl,
E_ru‘.Jr-_i.lcu. Mouzrwi, {in pressl. (2] Jensen, Suess. and Haxel, Materwis.
in poessl,




S%EH styructuye of stabkle nuclei
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Figure 2-23  Sequence of one-particle orbils, The figure is taken from M. G. Mayer and
1. H. D Jensen, Elementary Theary of Nuelear Shell Strietee, p. 58, Wiley, New York, 1935
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Shell mode| caleulation in Prac‘tica (W41

Hamiltoniamw
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Broww &% Wiloenthal EE£

Table 3: USD parameters

Values of the two-body matrix elements and single-particle energies of
the & = 10 version of the ned empirical llamiltanian for sd-shell model
3 aLbin - Lpn Mol . The two-body matrix elements {2hme}

= 2h
-\:_[Jl,..]z}_”“l |L53+_1|,“,| = §re laheled by the indices of the j according

r mrpik 5
I' 2" for 151‘,2 and {33 fund
by the values of twice the toth angular momentum and total isospin of

the two-body states, 20 and 2T. The two-body matrix elements for other
vilues of A are obtained by multiplying these values by (18/0)"-. The
values of the single-particle energies (spa) are independent of A.

sd shell
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Shell model ecaleculation w Fwnctfc_e 2/2

Hamiltonmian matrix
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Practical calculations
OS|ater determinants Y. (L2122,
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0O Hoamiltomian

H= 2 g afa; + £<ijlvikedatala,a,

Exawple (of the previeus page )
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Basics of shell model calculations

Valence nucleons : explicitly treated

Nucleons in the closed and in higher shells :
Effects are included through renormalizations of
particle-hole excitations (surface vibrations)

Effective interactions (pairing, quadrupole, etc.)

Effective charges

Higher orbits (empty but effects
included)

Valence shell

[Partly occupied)

Closed shell
r | [completely occupied)




(Tiuncationtof Shell Mode] Space

55!1—'*59 truncation
* /%

wmax)mumw (or minimum )
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decrease of dimension
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Figure | Binding energies of levels in *'Si as u function of the number al exeitaiions from
the dsp orbital (see Section 2).
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Computer Praﬁrﬂ.m.r +or

conventional shell- model calculations

OXBASH : Oxderd - Buenosr- Aires
Shell Mode/
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Dimension of Matrix
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The conventional shell-model calculation with a
full major shell has been successful up to A~50,
but it is not feasible for heavier nuclei due to
enormously large dimensions.

= Stochastic approaches

[1] Shell Model Monte Carlo (SMMC)

1992~
Auxiliary Field Monte Carlo calculations
S.E. Koonin et al., Phys. Report 278, 1 (1997)

Ground-state properties
Minus-sign problem — various restrictions

[2] Quantum Monte Carlo Diagonalization

(QMCD)

1995~
with M. Honma and T. Mizusaki

PRL 18 . 1284 (35)

PR L E“'!-, [§F8F (18)
APF!’FE&tFﬁﬂ f'.l::' MHE:-{JEEHF «ff{?'ﬁ';f Mﬂafp_,f

> Monte Carle Shel] Moeolef




Imagiﬂqr'y Time Evolution
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H S trans formatior

Hubbard — Stratonovich (HS) transformation

We start with J dye™ = -\E (a=>0)
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Iﬁfraduaiﬂg o aweﬂbad}r hamiltonian
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| Shell Model Monte Carlo (SMmc) |

KEEHF“: ‘T{::LHIGHI ﬂx}"mﬂngﬂf‘ DEIﬂHJ E.ﬁ“?ﬂh !.:'.F; —

cf. Phys. Rep. 278 (1997) 1 Alhesei o

-

s ?rpuhﬂﬂj'{'ﬁfg P}'GPEP‘f .:E.T
energy  sum rules

response Lunctions (5 info. om excated’

states |

e (minus ) 5;%“ P‘rﬂl'bE*m
mwmosh ot ‘r"Eﬁ“.E‘['.;C imt. C{i'f‘f‘;ﬂh!'t}f

———e———




Iﬂtraduc:fng o one—baa{:y hamiltonian,

}1(:6';} 2 Vo Gu Oﬂ.

'

the ?rauuaf state can be writtenm acg

- ;’lfﬁ‘d}
2> ~ % 77T 2>

MC: G, ! !
(3‘3 —?fw\?e_;’ J/
This process produces

all basis vectors

needeo for |Eg>

We +thew define

~ A h (G )

¢(c,) = € 12>

as a basis vector,
We i;a?gmaﬁze the Hﬂm:f‘tﬂﬂu‘nm

M & subspace SFanmneo by o

Small yiumbe, ot Ele,)’ ¢

Quantum Monte Cavle Dfﬂﬁawﬂ“'&ﬂf‘.;ﬁhr




basis vectors

set of
N dnm Hum]n‘e
i \E & > @
mitial state TR ’
e.q. detormed cd | tr onsT,
HF sAart i & r
Ham;ltﬂﬂiﬂh .
H > Py

h(?) E(Ed‘i'ﬂ'q Vdi"i] Og{

Yor the Hawm, [fownian

H - z: Eq0d+_=’__'zvﬂ Od:-
* Tspe Ttwo-body int.

O.,;? ahe-iﬁad{y g}f&'wﬂfﬂ?‘“

in a subgpoce

We dfngaﬂaﬁzﬂ H
NE 4ilter

{ﬂ:ﬂ: -?J i - }
_______J___l—iq.._}i:_ o 2 selection
(grﬁumd

Energy Efﬁinuﬁ.fuﬁ; b e
or EXCiTE

wave Fum ctions,

fremsition matrix elements

anw{'r‘-h ML'HfE.-F.ﬂ-V'lE T}':ﬁ-ﬂﬁﬂﬂl’;iﬂf:ﬂh M-E.'I".'hrg;f
(ama® D




Methodological development
Basic (and naive) formulation

@(c) = e # M2 D, o : a set of random numbers
Slater det. Slater det.
Honma ef af., Phys. Bev. Lett. 75, 1284 (1945

Major Improvements

{1) Mean Field (e.g., Hartree-Fock) is utilized
b, : Hartree-Fock ground (or local-minimum) state
I (o) = hye + fluctuation part by o

Moean Field .".l.'.l:."r.'pw.'-:fr,'ihf of )

{2) Stochastic noise is reduced in the basis
Refinement of each basis (o6 —= o + Ag)
=» fewer bases for the same precision
Compression of the Hilbert subspace in which

the shell-model Hamiltonian is diagonalized

(3) Full restoration of symmetries
Isolated quantal system = symmetries
(angular momentum, parity, etc.)
Symmetry restored matrix elements of the
Hamiltonian by the projection method.

Mizusaki er af., Phvs, Rev O 53, 2786 (19094
Honma of al., Phys, Rev Lett, 77, 3315 (1994)

Otsuka er al.. Phys, Rev, Lett, 81, 1588 (1998




4.4 Path Integral interpretation of QMCD basis generation

The basis generation in eq. (29) can be interpreted in terms of the path integral. Equation (2%} indicates
that the state evolves in the imaginary time with one-body fields O, in eq. (23). The interval of this
imaginary time evolution is given by &3, and the strength of one-body fields are determined by a vector
of random numbers, 7. In other words, at each “time”, the path of evolution is given by the vector 7,
and a sel of &'s finally determine the QMCD basis after N, steps. Thus, one can interpret the QMCD
basis generation from the viewpoint of the path integral: the path leads us to the basis.

4.5 Slater determinant basis

In practical shell model calculations, it is convenient to adopt basis vectors in the form of Slater
determinants: i o A
@} = [Lal |- (30]

e |

where N denotes the number of valence nucleons, | —} is an inert spherical core, and al, represents the
nucleon creation operator in a single-particle state .
First, this single-particle state o is 8 canonical one and is a linear combination of the spherical

zingle-particle states, " C.'IF creatromn op, aT
P ES
ﬁz canon)cal al =3 oD, sphevical  (31)
=1

(or de formed ) JFM?Ienpnr'ﬁ:‘u"g
where the state § means a usual spherical single-particle state, ¢l is its creation operator, and D's are
amplitudes. We can specify the basis vector |#) in terms of an N, % NV complex matrix 0. sxate

We now show how the state in eq. {30) is transformed by the process in eq. {29). We introduce an
operator,

X= Ztu r::ff:j, (32)
Li )

where t;; denotes a complex number, The basic step of the operation in eq. (29) can be represented
schematically by,

% N =»
"I-E.'f'rm .::rf bas)r e | = Hexﬂ:f,ﬂ -x@}_ ){ = __}.GJ, [5) (33)
eneration =
The action,
eXale ™, (34)
means the replacement of the D matrix in eq. (31) with a new matrix,
D' =D, T= LA 1 (35)

where T' denctes the matrix [f] and ¢! means the exponential of the matrix T. Thus, the basis
generation in eq. (29) implies the transformation of the matrix [7 as in eq. (35) with an appropriate
matrix T'.

We emphasize that the form of a Slater determinant remains in this process. Namely, throughout
the basis-search process presented in subsect. 4.3, a more important basis vector is looked for within &
single Slater determinant.

4.6 Major methodological improvements

The procedure presented so far is the first version of QMCD. Although it works well for simple systems
6], it turned out that, in order to carry out realistic large-scale shell-model caleulations, we have to
improve the method as discussed in the following,

16




4.6.1 Basis generation around the mean HAeld solution

Since the number of manageable basis vectors is finite in practice, we should select basis vectors of
higher importance, We thus choose | U} from a Hartree-Fock (HF) local minima or some siates of
similar nature, although |1Ir1":'-”} is not specified in eq.(29). Note that the present HF calculation means
the one with the shell-model Hamiltonian in the given single-particle space. We emphasize that the
Hartree-Fock ground state is the “best” single Slater determinant by definition, and fits well into the
present pickure.

First, we rewrite the Hamiltonian in eq. (22) by introducing c-nurmbers, denoted bylc,, s,

o 1 . 1
H - Z[Enﬂn i D Evn-l:‘jtr _E;_:'- + Fﬂg&ff__ EH-":—_‘. Il‘gr] C—l A M-E'E}'{SE:I

=]

The one-bady Hamiltonian h{,) in eq.(23) is then given as
lh{ﬁ-..'l.} = Z[ {En + ﬁ:ﬂa}ﬂn s 'q-:tifn I:,.|;-:||::I:|.|| + X {3?]

where the e-number — ¥ 8, VaiTanty is dropped off since it does not change the wave functions, apart
from the normalization and phase in eq. (29). In this expression, the first one-body term ¥, (F. +
Voo )0, on the right-hand side includes effects coming from the two-body interaction. The values of
e,'s can be taken as we like, and are set so that thiz first one-body term becomes the single-particle
mean Reld of the HF or other similar caleulations, We thus define,

haap = 3 (Ea 4 Vata) D, {38)
a = __ adjustesd 20 that
With this hyge, the one-body Hamiltonian used in eq. (29) becomes, I MF lr obtarwed
¢
S A(Fa) = hair + 3 Vasatala- (39)

If we keep o, = 0, eq. (29) becomes simply the projection onto the mean-field solution corresponding Lo
the hyp. Since by is independent, of the auxiliary fields o, and the sampling is made around o, = 0,
the OMCD bases | #(a})’s are generated around a Jocal minimum designated by the relevant mean feld,
This process is extremely useful for yrast states by combining with the angular momentum projection
techniques discussed Jater. If a state in a pronounced local minimum is studied, fiyp can be set there.
Omn the other hand, this process may not be very relevant to non-yrast states without such structure.

4.6.2 Hestoration of angular momentum and parity

The pucleus is an isolated system and conserves several symmetries, including the rotational symmetry
and the parity symmetry. [n the QMOCD generation of the basis vectors, those symmetries should be
restored a8 more basis vectors are added, because eigenstates have those symmetries, On the other
sice, in order to restore the symmetries, we need generally & superposition of a number of basis vectors
mutually correlated in a specific way, For instance, the parity can be restored by having a proper
superposition of two wave functions connected by the parity operation. However, if one wants to fulfill
this superposition by basis generation driven by random numbers, it should become a very slow process:
for instance, it is nearly impossible to hit right on the other partner wave function required in this parity
superpasilion.

O the other hand, the parity and angular momentum are peometrical symmetries conserved exactly,
Moreover, those symmetries give quantum numbers to which caleulated physical quantities are very
sensitive.  Wa therefore introduce methods for external and exact restoration of those symmetries.
The parity is conserved simply by the parity projection which is not difficult and can be done by the
superposition of a wave function and its parity-reversed partner. We include this far each step of the
basis generation, if necessary.
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Remarks on the QMCD method

The bases used for diagonalization of the Hamiltonian
are generated by

Do) = g7 M Dy o : aset of random numbers

Slater olet. Slater oet.
so that larger gain of the energy eigenvalue is
obtained.

Only "33::#" E(s)'s are kep,
= (QMCD is a stochastic truncation scheme of bases

according to contributions to the total energy.

e Mean field solutions are included as natural first choices
Hartree-Fock ground state = best single Slater determinant
e Contrast to the cenventional shell model calculations with

truncations in terms of single-particle configurations. efc.

The QMCD method can be characterized as the
fmportance Truncation scheme.

Application of the QMCD method to the Nuclear Shell
Model

= Monte Carlo Shell Model
e No minus-sign problem in the QMCD method.

e The QMCD method can be used for many-body systems in
oeneral,




Test r:'f' QrMCD Cﬁ]‘ﬁu!‘&.'ﬁfri-g (fpi‘ar::hr'f )

ff-&'cr - ‘MC& F o4m + P

e — e

pt shell

24 “m__‘-'-l. 1CL Ephme IEE,) ot yoct © Cawrrer et af.
L = pR.CSe, 225
-2 'II'-\ — 2 Ct99%)
= gl T - ~ 2million
E kq___“———___ B plimensIOon
30 M
—
92 - ii SBMMC an?awke
et al.
oo 2 w0 PR.C&2,(45)
QMCD basls dimension e
E.=-22,3%0.%
— ]
{Mev)
(T=6.5 MeV)

05 1.0 15 20
E,-E,z {Me\)

Es- Eg 4 (MeV)

lexp: Lewzi et al.
1
2.5 E.F"h}r:_ A304

(a€) 117

The KB2 interaction Iis Lﬂmmnwiy

nsed in the celeuwlotions.

See T.0. et df J,Pf«?-,r. G 25 (1999) 699




Cr::-mpclr‘i SOown j:)EtWEEH ﬂaﬂVEmtiﬂﬂﬂl

anol Monte-Carlo shell-moolel

coleulations

® Convemtiomna| wmethod

all t:ﬂmpt:me-.mfs (S|ater ot'E'f‘E.v’mIHmmtS)

Ilm.-—-—._ I y _

* F Kk K o= - £,

'}; * *‘ * - * El O

H = + % x ° |—:1> E

T R | T

a = Gfdﬂ-gcrha.f- O " .
= i . .;EE L-

dimension [o¥ .{z'ﬁ‘M?)

ﬁfﬂ?(allmg_] ~ e e

‘i‘r"t..{w Cﬂt.-rf:rh

e MCsM : imp&r?faw::e

E_pthJ

Y= ¥
Slater det. Slater ofet.

..-* # f* * - |—-E‘.r ) O —

H= | k% ** | = &,
ok ¥ ¥ ; Al <

H***ﬁ:Jdﬂ-ﬂﬂﬂIEE—O JE:;_

'L.__———H—-...V,._.___,: F

selected components i = &)

dimension

3o~%0 / E;gfwrfﬂ.fe




Practical Perdovrmawnce

for a ‘typ;r:.ﬂf problem with

c:*ricgiﬂalr dimension of ~ 107

Pavallel wmoachine with 230 CPU’s

1 cPU = Alpha 21264 (Lo0 MHz)

-?rauwd state
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~‘ida}r

* yrast + yrave state
Q@McD dimension ~ 20 +40

~ & a{ﬂ/E

- 't'll' ﬂ‘]‘ mesh Pu;'ﬂ't}.' v the .ﬂ.w?.q,’ap
rmomentum prajeﬂt?ﬂw

~ 20000 -~ 253

= cge‘t one ?una{ basis state ,

discarol ~ 200 candidates

30 QMCD odiwm, = [0 000 canol/oates
9{1"-5' Cﬂ.r“ﬁfl‘?ﬂf

= e —



Features of the Monte Carlo Shell Mode!

(1) Many orbits ean be treated as being active
(ie., valence).

Because of this large space, a wide variety of
states In the same nucleus can be obtained
from a common Hamiltonian.

= Feasibility along the energy axis

Example: spherical, deformed and
superdeformed states in N1

(2) Many particles can be treated as being active
(ie., valence).

Because of this feasibility, a wide range of

nuclei can be deseribed within the same
framework.

= Feasibility along the particle-number
(or isospin) axis

Example: Spherical-deformed phase
transition in heavy nuclei

The same features are even more crucial in
studying and predicting the structure of exotic
nuclei with extreme isospin.
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B(Ez2:0%+2%) values

Rﬂd‘ﬂ{‘aro{ Ei l'-{J
PRL 98, 22280/ (2002)
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FIG. 2. Values of B(E2:0% — 27) for even-even Sn, Te, Xe,
Ba, and Ce isotopes around neutron number N = 82. Open
symbols are adopted values from Ref. [8], while filled symbols
are from the present work (Te) and from Refs. [4,10] (Sn).
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Summary

MCSM (Monte Carlo Shell Model)
20~50 bases with projection ontoJ and M

against the dimension of the original Hilbert

space : 104 ~ 1098 ~ 101 -~
24\[g 32Mg rare earth
56N

diagonalization of Hamiltonian =
levels, wave functions,
transition matrix elements

MCSM : Importance truncation scheme
to the full calculation

@ many valence orbits

more than one major shell
® many valence particles

so far up to 26

® natural relation to mean field theories
(HF, GCM, HFB, etc)

® o minus sfﬂﬂ prah!em




Nuclear Theory Activities in Japan for RIBF
[1] Computational nuclear physics with massive parallel
computer for studies of unstable nuclei
A massive parallel computer, “Alphleet”, dedicated to large-
scale nuclear structure calculations

140 most advanced Alpha CPU’s  (called ev6 or 21264)

Alphleet (Alpha Fleet) computer (RIKEN, April 1999)

Monte Carlo Shell Model calculations
Neutron-rich 0O-Ne-Mg isotopes

Dripline, mass, level scheme, deformation

Multi Gaussian Basis calculations for light nuclei

'Li : WNeutron halo
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Shell Evolution Paradigm
Neutron Single-Particle orbits

VS.

i/
K/

Does the shell structure change without approaching the
Drip lines 7

Can the Nucleon-Nucleon interaction change the shell
structure in a specific way ?

How can we see this shell evolution ?

How general is the shell evolution ?
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Summary
In some exotic nuclei, the magic numbers do change

from those for stable nuclei.

stable 2, 8, 20, 28, 38/40,

exotic 2, 6, 16, 28, 3,

Origin : strong j.-j. coupling in 7=0 channel
as confirmed by G-matrix and empirical fit
A major basic mechanism producing this coupling :

(t1)(oc)Ar)

meson exchange and 1/N,. expansion of QCD

n
P j= n
TO <5E
i‘l-“i + i
TG} _.
p —k
n SR

This explains various structures of exotic nuclei.
Paradigm of Shell Evolution
R R R R ERR R R RR
The same interaction affects spin-isospin properties.

Magnetic moments, GT transitions, eic.
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The magic numbers in exotic auele are discussed, and their novel origin is shown to be the spin-isospin
dependent part of the nucleon-nuclzon interaction in nacles. The impariance asd rehuesiness of this
mechanism s shown in terms of meson exchange, G-matrix, and QUD theories. In seatren-rich exotic
nuclel, magie numbers such as & = B, 20, etc. can disappear, while ¥ = 6, 16, etz arisz, affecting the
strughure of the lightest exotic nuclei w nucleosynthesis of heavy elements.
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