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Whe n measuring the masses o f the isotopes i n the r a r e- earth r egi o n 

( 1 3 8 :5 A ::; 1 7 6) a n d specify ing the e n e r g y par amete r s o f n ucl ei, some intere st

ing a n o ma l ies h a ve b een obs e r ved i n the b ind ing e n erg y values o f the l a st 

p a ir o f n eutrons B ~ d e p e n d ing o n A as w ell as in the values o f 3 '1> , B. , a. 
a nd othe r o nes . 

A s was a lread y n o ted
1

'
2 

the tra n s itio n fro n 1 s phe r ica l nuc l e i to defo rme d 

o n e s i s accompa nie d by quite a number o f welJ observable e ffects : a p pear a n ce 

of r o tatio n a l bands, sha r p inc r ease o f qua drupol e momenta , cha n g e in the CoU

l o mb excitatio n c ross sectio n a n d i soto p i c s hift of s pectra l Jines. 'These chang e s 

p o int o u t that in the r a nge N- 8 8- 9 0 the d e fo r mat i o n o f nucl ei s h a r·pl y inc r eases. 

S u c h a s h a rp increas e i s found n owh ere e l se fo r even- even nuc l e i w ith o the r 

number o f n e utro n s . 

Mass s p ec tr oscopic hig h- a ccuracy !neusuremen ts o f nucle i 3 •4 •5 a llowed 

one to a nal y s e the p a iri n g energ ies P" i n the rang e between "magi c " numbers 

N · 8 2 and N • 126, It was s hown tha t P" h a s the m i n imum val ue nea r 

" magic" n umber s N • 82 and 126, i n the b eginning o f the reg i o n o f defo rmed 

nuc l e i, a t N • 90, it has the ma xim u m value , in the m id d l e o f thi s r e g io n it d ec

r euS<'s w i th s ubsequent g r owth a t the e n d o f the defonna tio n r egio n , 

In a d d itio n to the a bove fa c to r s defining the b eginn ing a n d the e n d o f the 

deforma tio n reg io n in R ef
6 

it w a s shown tha t the c h a n ge in th e s h a p e o f the nucleu s 

is accompa nie d b y a d iscontinuity i n the binding e nergy valu es o l the last pair 

o f n e u t r o n s in the r ange N • 88 .;. 92 . 

The n o n mon o to n y in the cha nge of 
i s e s pecia lly well revealed 

in c o n s id e r ing the behav io ur o f th is fun c t io n i n a suffic ie ntly w ide mass r a n g e , 

i.e . in a n a l ysing th e B 2 , sys tematics, The systema tic s B.., c f( A) 
is conveni -

e nt enou gh in the r espect tha t the pic tu r e i s not compl ic a ted by even- odd vib-

r a tio ns o f the binding e nergy; B"" i s u. line a r func tio n o f A 
a nd the 8

2
" 

value s a r c o fte n mor e u.ccur a te l y known tha n the mass values, 

In t../ef s 
7

•
8 

th e bind i n g e n e r gy of th e two last neutro n s is s yste ma tize d as 

a func t ion o f the mass number A in the ra nge 8 0 ::; A 'S_ 2 !1 2 , lt i s s h own 
tha t, as a rule , 

B 2 , decr eases w ith i nc-t"easing number o f neutro ns ( a t z 
canst ) . The B 2 " v a l u e s m o n o tonous l y ( u.l most linearly) tl<•cr·ease w ith i n c rea 

s ing N in some r egions bet\tve en "mag ic " nu mber s . Nec:t l" the " n1.:.tg ic " numbe rs 

there occurs a sha rp d ecrease in s l ope o f th e B • • ~ f ( A ) line, However near 

3 



the r a re- earth d e formed n u cle i bou ndarie s the increase in the number of neut-

rons results in the increase o f B •• • f ( A ) It should be n o ted that the binding 

ene r gy p er nucleon ( E/ A) doe s not cha nge its character near the indicated 

nucle i, n a mely it mo n o to n o usly d e c rea s e s ( see
6

, F ig. 5 1 50 <;; A ~ 1 60) . Mo

r eover, as is seen by compa r ing the data o f Refs. 
9

• 1 0 
a nd Ret? the B • f( A) 

!In 

val ues d e crease even if the b ind ing e nerg y per nucleo n in the nuc leus g r o ws. 

S o , in p a rticular, thi s e n e r gy i n th e r a n g e 8 4 < A ~ ' 104 nea r the stro ntium 

masses (A• 847 88) incr eases with A (see Ret? , Fig . 1). Meanwhile the bind-

ing e n e r gy o f the last pail· of neutro n s B 2n n ear the same strontium nuclei 

decr eas es (see Refs:, Fig. 3 ) . 

The d iscontinuity i n the values o f B :on • f (A) 
7 •8 

w a s o bserved in the 

case o f e leme nts with even Z ; gad olinium a n d sama rium. In the case o f e l e -

ments w ith odd Z (europium and ter bium) the picture is somewh a t more compli

cat ed thou g h a t N · 88.;. 92 the re is a l so a te ndency f o r B :an • f(A) to be 

l a r ger. 

The B 
2 0 

v a lues depending o n A fo r the isoto p es of gad o linium, sama rium 

a n d n ew data o n n eodymium a r e g iven i n F ig. 1. A n o ma lies in the B b eha.-•• 
vio ur in the r ange N · 88 - 92 are sufficiently clearly pro n o unced fo r the iso-

topes o f Gd to Sm and somewh a t l ess clearl y fo r the i sotopes o f Nd • It 

s hould be noted that the B • • val ues fo r the isotopes o f Gd a nd Sm w ith a n 

odd number o f n e utrons make these anomalies s till mor e p r o n oun c ed. 

As is known, a t N • 86 .;. 92 th e r e occurs a sharp dec r ease o f the 

e n e r g y o f the fir s t excited state 2 + in even- even nuc l ei w h a t i s w ell seen from 

F ig. 2 . This is due t o the change in the equilibr ium s hape o f the n u c l e u s from 

spherical form to spher oidal one. Sharp c h a nge in the ener gy o f a 2 + s pin a nd 

parity state as well as in the B •• values occurs mainiy at the t r a n sition from 

N • 88 to N - 90. 

In a recent paper of Canadian physicists 
13 

B 
2n 

has been i nvest igated as 

applied to gadolinium, samarium and neodymium i n the range N • 88 .;. 92. The 

mass differences of these e l ements wet·e measured by a large mass spectrome

ter and highly accurate data were obtained. In calcula t ing some val ues of B 2n 

they used the most recent data o n a decays a n d ( n, y) r eactions. The 

mai n conclusions drawn in thi s paper p r ove the presence o f the anomalies in 

the change of B 2 • c f (A) shown in Ref s .
6

•
8

• However, Ref.
13 

con tains data 

oniy on even- even nuclei. 

Bes and Szymanski
14, basing on a model taking into accou nt pairing cor

relatio n s, have calculated the e quili brium deformatio n s o f some even- even nucl ei 
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deformed nuclei boundaries the increas e in the n u mber o f n eut-

the increase o f B 2• • f ( A) It should be note d that the bind ing 

leon ( F/ A) does not cha nge its character near the indicat ed 

i t monotonously decreases (see 
6

, Fig, 5 150 <;; A ~ 160). Mo

·een by comparing the data of Refs.
9

• 10 and Ret? the B • f(A) 
lin 

- e even if the binding energy per nucleon in the nucleus grows. 

~.r, this energy in the r a nge 8 4 < A ~ ' 104 near the stron tium 

4.;. 88) increases with A (see Ret,
9

, Fig, 1) , Meanwhile the bind

the last pair o f neutrons B ~ n ear the same strontium n uclei 

~Refs:, Fig, 3), 

ntinuity in the values o f B2n • f(A) 
7

•
8 

was o b served in the 

tts with even Z ; gad o linium and samarium, in the case o f ele -

Z (europium a n d terbium) the picture is somewhat more compll-

tl N · 88 .;. 92 there is a lso a tendency for B
211 

• · f(A) to be 

values depending on A fo r the isotopes of gadolinium,samarium 

:>n neodymium a re given in Fig. 1, Anomalies in the B beha.-
2n 

n ge N • 88 - 92 are sufficiently c l early pronoun ced for the iso

Sm a nd somewhat less clearly for the iso topes of Nd , It 

d tha t the B 2 • values for the isotopes of Gd and Sm 

neutrons make these anomalies still more pro n ounced, 

with an 

town, a t N • 86 .;. 92 there occurs a sharp decrease o f the 

'irs t excited state 2 + in even- even nuclei w h a t is w ell seen from 

due to the change in the equilibrium shape o f the nucleus from 

t o spheroidal one, Shar p change in the ener gy o f a 2 + spin a nd 

well as in the B
20 

values occurs mainly a t the t r a nsition from 

- 90. 

·nt paper of Canadia n physicists 
13 

B h as been investigated as 
2 n 

:>linium, samarium and neodymium in the range N • 88 .; 92 , The 

'5 o f these elements were measured by a larg e mass spectrome-

accurate d a ta wer e o btained, In cal c ula ting s o me values of B~ 

m ost r ecent data on a decays a nd (n , y) reactions. The 

1.s drawn in this paper prov e the presen ce of the anomalies in 

B2 • e f(A) shown in Ref s ,
6

•
8

, However, Ref. 13 contains data 

·ven nuclei. 

Szyma nski
14

, basing o n a model taking into account pairing cor

calcula ted the equilibrium deformations of some even- even nuclei 

4 

t 

and o b tained results which are in good agreement with experiment, However at 

N < 88 they found a sharp change in the nucleus shape fro m spherical to de

formed one .• From their calculations it follows that at N · 88 the difference of the 

total energies for the deformation {3 • 0,3 and {3 • 0 is about 1 MeV, 

At N • 90 the quantily 

Bh • E(N•90) - E(N• 88)-2m. 

includes the total energy of the E(N • -90) nucleus (containing 90 neutrons) of 

s phe roidal equilibrium form and the E(N •88) energy of the spherical nucleus 

(containing 88 neutrons) , Tt:us at N .,go the energy of sepa r a tion of the two 

last neutrons includes also the energy due to the change in the equilibrium de-

formation of a nucleus from {3 • 0, 3 to the {3 values close to zero ., i,e, the 

energy related to the change of the nuclear structure. The effect is r esponsible 

(or the anomaly in the B 
20 

behaviour depending on the number of neutrons 

(or A) . 'Ihe discontinuity in B 2 • at N · 90 - 92 was roug hly estimated to be 

1 M e V, this value in Its order of magnitude agrees with experimental data g iven 

in Fig . 1 . 

Further mass and "binding energy measureme nts in the rare- earth region 

justify the above regularities, The Ne, Pr and Ce mass measurements11 a nd 

calculations in the range N • 88 -;. 92 s how the 

that 

binding e nergy 

the anomaly in the B 2• values somewhat decreaseq as z dec rea-

and i s smooth for Pr and Ce An ses remaining quite noticeable f o r Nd 

a nalogous picture is o b served for Dy Ho and Er (with increasing z ). 

It should be s tressed tha t to calculate the binding e nergy and respectively, 

the B 2n values in the case of elements with a small number of stable isoto pes 

( e l ements with odd Z : La , Pr , Eu , Tb ) and especially in the case o f 

p!ll we must u se mainly data on nucle ar rea ction s and a and {3 decays 

w hich a re insufficiently reliable sometimes, Hence, there is a possibility of o b

taining w r o n g conclusions when using insufficiently correct data on reactions or 

decays, However for elements w ith even Z for this mass r egion Ce , Nd 

Sm Gd Dy the use of incorrect data i s essentially excluded and the 

c o nclusions a r e , in a sufficiAnt deg ree, r e liable, 
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Fig . 1, Energ ies of the last pair of neutrons. 
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Energies ( in kev) of the first r otational 
2+ states in nuclei with the neutron number 
N · 86,88,90 and 92. 


