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figure 2-4 The expenmmtal binding energies are taken from the compxla.tlon by JLHE
Mattauch, W. Thiele, and +.. H. Wapstra, Nuclear Phys. 67, 1 (1965). The smooth curve °
‘epresents the semi-empiricai mass formula, Eg. (2-12), with the constants given by A. E. S.
jreen and N. A. Engler, Phys. Rev. 91, 40 (1953).



Fm100 : ' LA

L ] i ] 42142

cm - : |a2|a3la3]se3

Pu : 45]4a|aa]as|-

: | 52|a7|4s|s5]| 45
Th 904 - e - |93[72|57|53|s0|48
Ra ' F 177[111|e4]s8]s9

Rn | 60[320[2400187
Po 8 10 10

L L3
Hg 80 - le23ju28]4 26412 370} 40430
Pt 162[220256[300p20]330[350{400]
Os i 133120/137 155187 208|
w : i . [123{1 j10sj104102{100|111 122
Hf Pt 156{124|99 |95 91|88 |93 |93
Yb 70- , psef2<3f1es|122/102] 87| 84 79] 76 ] 82
Er : pasfte3|126[102 91 81 80|79
Dy |, [psofis{ss]ez|e1 |73
' 6d [3aoj123| 89 |80 |75

- ToeEat
. p22[3a1|3sojasols J4s0] ' 1

. %0 100 110 120 130 140 w0 A
Figure 2-17b  The energies of the first excited 2+ states of even-even nuclei are given as a function of N and Z. In Fig. 2-17a(Z < 50), the energies are
in MeV, while in Fig. 2-17b (Z = 50), the energies are in keV: The data are taken from Nuclear Data Sheets and the Table of Isotopes by Lederer et al.
(1967). The striking systematics in the energies of the first excited states of even-even nuclei was emphasized at an early stage in the development of

nuclear spectroscopy (Stihelin and Preiswerk, 1951; Rosenblum and Valadares, 1952; Asaro and Perlman, 1.952: Scharff-Goldhaber, 1952, 1953).
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Figure 2-23 Sequence of one-particle orbits. The figure is taken from M. G. Mayer and
J. H. D. Jensen, Elementary Theory of Nuclear Shell Structure, p. 58, Wiley, New York, 1955.
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where a; and fj; are normalized amplitudes, and the pair creation operator is

S pair

T * s boson

y=0* 1=0*

Dp
< @ I A d boson

J=2t y=2*

nucleon boson

Fig. 1. Correspondence between nucleon pairs S and D, and bosons s and d.
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Microscopic Basis of the Interacting Boson Model

full shell—model space

_h.x
A x

SD space - sd boson space

Fig. 2. Mapping from the SD subspace of the full shell-model space onto the sd boson space.
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Microscopic Bastis of the Interacting Boson Model 13

The process for determining O is illustrated in detail below. We shall consider
spherical nuclei, where the states in Eqgs. (2:12)~(2:14) should be the dominant
components in the lowest states, and are used as the SD states ¥ and ¥’ in Eq. (2-21).
The IBM Hamiltonian is written in general for one kind of bosons as

HE = E{(}N)+Eﬁd+V

(2:22)
and
VR %ngu cr([d'dT) D) . [dd)D))
+ (@) (sd)P) + b}
+ sw{(dal]Ofss]®) + he, (223)

where Ny denotes the d-boson number operator, N stands for the total boson number,

and wug,u;,us,€,cr,y and w are constants. Note that the total boson number is
conserved. The quantity EéN) in Eq. (2-22) is the energy of the state |sV;J = 0),

and is fixed by the energy of SD state |SV;J = 0);

E((,N) = (sN;J =0|HB|sV;J =0)
= (SN, J =0|H|SN;J = 0), (2-24)

where H is the nucleon Hamiltonian. The quantity EéN) is a constant for a given
nucleus. As long as one is interested in excitation energies and/or wave functions,

one does not have to pay attention to ESN). We shall, in fact, ignore E'SN), hereafter,
while it should be regarded as the origin point from which to measure the excitation

energy. One should bear in mind, however, that Ec(,N) has to be treated explicitly in
describing binding energies.
The constant £ is determined by

e =(SN-1D;J = 2|H|SN-1D; J = 2) — E(™), (2:25)
because of |

(SN-1D;J = 2|H|SN1D;J = 2) = (sV'd; J = 2|HB|sN1d; T = 2) = BV +e.
(2-26)
The constant ¢y, is determined similarly by

cr = (SN2D% J = L|H|SN-2D% J = L) — 2 — ES™, (2:27)
because of

(SN=2D% J = LIH|SN"%2D% J = L) = (sV%d? J = L|H®|s"2d% J = L)
= E™ 42 +¢;. (2:28)
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In the case of IBM the coefficient B(’?JQ
in the expansion

EW,1,1;8)= E,4,X) + Ag.X) B* + BA,2.X) B’

+ CW1,0 ﬁl'-t-. 55
is not equal to zero in general case. For
this reason phase transition of the 2™
kind between spherical and deformed
nuclear shapes can take place only at
the isolated point of the plane 7 ®X
This point is located at
X=0 and =1, W)= (44-3)/(54-8)
This 1s a triple po-
int on the nuclear
phase diagram.
Spherical phase
exists at >, -
Deformed phases
separated by the

. line X =0 - at y<
Vs) 7@"? SUW®B) ( zé'up

SU®)
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A TRIPLE POINT IN NUCLEI
D.Warner

The most familiar example of a triple point
[s in water: on a graph of pressure and

temperature, the three lines separating the

Vapour-liquid, liquid-solid and solid-vapo-
Ur phases all cross at temperature of
21585 K

0,006
atm
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