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Outline of the talk: u

1. Origin and Definition of F-spin

2.Dynamical Symmetries as phases of the nuclear system
2.1 Simplectic symmetries
2.2 Classification of nuclei with Sp(4,R) -quantum numbers
F, and N - physical interpretation

3. Systematic investigation of nuclear properties
3.1 Empirical investigation of collective states
3.2 Generalized description - introducing phases,

phase transitions and control parameters

4. Application of the classification for
Evaluation of the Nuclear Binding Energies in the
Valence Shells
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5. Predictions and possible Generalizations

: J
O Q o )



&{%IN AND DEFINITION OF F- SPIN 0

o A two-luid (heutrons and pPreotons),
finite N system (IBM2)

o Imteracting via stromng, shert ancel long) = range@
forces.:

W are complex systems built from a few, simple

ingredients?
- Shell Structure — number of particles in each shell, magic numbers
- Pairing - pairs of particles g\ o fgdgl.
Collective modes \ | /
Excitations of the nucleons N=5 pfh
in the valence shells N=4 : Jsdg
Vertical classification \ V=N |
Shell Structure @ N=2

Valence shell N=1¢
“v'—[l
Filled shell V= -

- v -

Horisontal classification -“



‘ / “oSymplicity in complexity
t

o discover the simplicity in the nuclear spectral

@jopertles’? The manifestation of simplicity is

the language of

echains of group-subgroup structures

Classification of
the basis states

Hamiltonians and
interactions

leads to exact analytic solutions for the eigenvalue

problems

ijnamic symmetries apply to purely bosonic or purely

fermionic systems. Supersymmetrieg, @ Vas
J Q9 ¢
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lectic Dynamical Symmetr%
The symplectic symmetry includes all this

el

mass quadrupole ‘E PPy 2 XD, * XDy 2 XX,
moment
Angu'ar vorticity
momentum (from irrotational to rigid rotor flow)
many-particle

kinetic energy

monopole and _ N
quadrupole collective N=4 ' Isdg 1,j $
excitations

Valence shell

Filled shell V=

—

X

Nucleus with A nucleons

Change the number of particles, blgerwpregtatlon%:es))



alisation of the Algebras N~
rms of boson creation and annihilation opera@rs

V)
@ % E pssps; z x.ﬂp-‘i‘j = x-fjp-ﬂ z XX s

Uy (@)= (en(@=ign(@/VZ o ()= i /exm(@) oD
u™(o) = (x™(@) + ig™(@))/\/ 2.

/ 1=0, n,m= ( scalars
1=1 =-1,0,1 t
- , N, ,0,1 vectors -

1=0, n,m= 0 S-, I=2, n,m= 0,+1,+2 D-boson

+
u nf Upa
o= £1/2, n,m=Ll-1,...-1+1,-1

. \ ‘ (Fy=a=1/2)  pboson
S F=1/2 — ifif:;ﬁff.:....
>

(F0= a= -1/2) n boson

spinors

U.(K)

ut u

naoa "maoa
o= #1/2, k,m=L1-1,...-1+1,-1
T g
93

F-spin
[una’ u+m ]=8nm Saﬂ
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Example

AYgebra generators

Exhatations of the
nucleons in the
valence shells

mo,myv,
vim,vtv

Casimir invariants

N.=N_+N,
Fo=%(N, - N,)

A4

Sp(4;R)

Bosons

I

, W Vv, vt v

)
mm v, v

I=0, a==x%

Reduction Operators

wt v, -vm,
mwm, - vwt

Basis states

N, =1+

| 1m,v) = ()NTvN [ 0)

0
o)
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4
ICAL INTERPRETATION OF THE

\— ALGEBRA GENERATORS @
9
P=A,—niv, l
P=vm =aty =1/22-2,,) | 1)
N{=N;+N, N,=vtv =1/2(N-N_,) | U,(1)

Number of proton and neutron valence pairs

Z and N are the number of proton and neutron for a given nucleus.

U(1,1)

Z .. and N_. the numbers of protons and neutrons of the double
magic nucleus at the beginning of the shell

The F-spin group U(2) U

5 s 0
)

F,= Z 'ﬂ:pa:- F_= z I’;'ﬂ'm Fﬂ:%{Nﬂ—NF)
a =(l a =1}
- Y e\



@assiﬁcation scheme
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Rows — fixed N, =N +N;

Columns-fixed F,

-1

0

1

2

3

12,0

0,2)

[4,0)

13,1

1,3)

0,4 )

Even-even

U(1)®U(1)

= Np-Nn

\ 4

K=1

Vacuum |0)

Mapping on the
Luclei from a
ajor shell

| N/Fo| 1 0 1 2 3 -4 -5

] 8 Ay ) 22
2 Oe | ®Zm1 | N1 D a0
4 o | %Fe | ®Zn 1| ®AID 13
4] ®B5e 3 ®Ge 2 | ®Zn 1| BANID 18
3 Te rd | TESe 3| TEGe 2 | T2En 1| TEAHD 14
10 oo B | Krd| ™Sed3 |G 2 | TZn* 1| TPNID | 12
13 WZr B Wop B | OKrd | 363 %G 2| Znl| 1D
14 BAfoT | %2y 6 | *Sr B | BKr 4| B2Ge 3 3
16 FTRug |FMoT| ®Zr6 | F5rE B
13 BP0 | LRud | BMeT 4
20 Uod 1D | ¥Pd g * 2
22 R

1 2 3 4 5 B




N/F, 0 1 3 3 4 I

0 56 7y () 23 O
2 | %G | “Znl | ON:i U 20 \s
4 | ®Se | ®Ge2 | %Zn 1| ®Ni 0 13

6 BGe3 | BGed | Panl| BN D 16

g e pd | 725 3 | "2Ge 3 | 24n 1| TENi*D 14

10 TESrE | °Krd | °Se3 | °Ge 2 | PZn'l| °NiD | 12

12 0Zpf | PG E | OKrd | 953 | e 2| Zn 1|10

14 o7 | FZr B | FSr B | BKr 4| MG 3 8

16 TRud | FMeT| ®Zr6 | FSr b B

13 ZPd 0 | “RuS | BMoT 24 ~

20 SCd10 | “Pi0 | | Y
32 100Gy 11 A

1 2 3 4 %

Subsheli
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| I D B D R R |
5 7 9 11 13 15 17 19 N

Multiplet (28, 2850, 50)_. Dependence of the 27 levels on NV at fixed F; (see Table I11}.
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Table IV. Multiplet (28, 50[50, 82) i i
ks I £ .
R :I7 °1 1|1 1 :; | R N R S
1 3 5 15 17 19 21 23 2
NOo92 12 sy a2 S > N
.. Multiplet (28, 50|50, 82) _. Dependence of the 2* levels on N at fixed F, (see Table [V).
3 “Se “Ge
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[ts representations

G“ G Generalized Dynamical Group {contain the spectr@f
a set of nucle1

¢t

Its representations contain
the spectra of collective

CG Classification Group states of a given nucleus

Phase transitions Phases

Classification tum numbers
Control Parameter

Define

— . C
Sp(4,R) classification scheme J interactions ))

A4 o Y




— 2 A4
\ EL=a(Ki)L(L+(D) Function on the classification d

0 quantum numbers

9

A,=ND+ND = a,=ND+N,

CE(AP ’An ,N,Fo,N,Fo):D1+D.2N+D3N+D4FO+D5F_‘O
+DgN?+ D N?+ DgFi+ DoF

+D10NFO+D11W()+D12AP

+D 13A n- (19)
((,))=2_|_ Geometrical parameter
T e g w
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0o 5 10 15 20
N
927 low lying
states of
271 nuclei
from
5 major shells
0 =45 keV

x2 = 1.0001

25 30 35

S. Drenska, A. Georgieva,

V. Gueorguiev,

o/

®

R. Roussev and P. Raychev,

“Unified description of the low ]
ying states of the ground bands of

even-even nuclei”,

Phys. Rev. C 52, (1995) 1853.

40
TABLE XI. Parameters D; .
i D, MeV] = AD,[MeV]
1 +0.0261526 0.0001740
2 — 0.0009279 0.0000284
3 —0.0021273 0.0000232
4 —0.0323361 0.0001986
5 — 0.0302709 0.0001770
6 — 0.0000098 0.0000002
7 + 0.0000059 0.0000001
8 + 0.0009395 0.0000064
9 —0.000730 0.0000049
10 + 0.0001599 0.0000013
11 — 0.000153 0.0000011
12 + 0.001724 0.0000107
13 —0.001318 0.0000064




MMERALIZED REDUCTION SCHEM

OF THE IBM2 @ O
fluid (neutrons
@hd protons), U,(6) ® U,(6)
: VAN

finite N system

v A v U,.6)s" O
T \ l ~ U(s)
\

Sp(4.R) [® SO6}— 0(5) — 50(3)

U(6,6) U(I,I)/ ® SU,.(6)| —U,.(3)

/ \

.
\ U,(6) ® U*,(6) h/ o
’. Mapping on the
Sp(4,R) classification nuclei from a '
scheme @ajor shem




B(E2; 2* > 0*)

O —1
R4/2 £ 2

Magic

(as a func

2+
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0 R4/2 ~ 20

T
(sph. vib.)

Collective modes

4+

2+

o
o R4/2 23,33

Mid-shell
(ellipsoidal)

(

Evolution of nuclear structure

tion of nucleon number)
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Phase/Shape transitions

¥ »=1— mid shell — — | SU3)
? 1< @ <20 — ?Transitional nucleiz — |(Q(6)
20< @® — closed shell— — | U(5)
Property U(d) E(5) | O6) | X(5)| SUQ3)
® 20-30111,12] 6 |3,4 1
R =E,/E, 2.00 [2.20 [2.50 [2.91]3.33
R,=E,/E, 3.03 5.67 @

Other important propertle

B(E ransutlon stren
of )

Critical Point Symmetries
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A, |, Georgieva, Tz. Venkova, and A. Aprahamian

“ Systematics of Nuclei with Critical Point Symmetries
in the Rare-Earth Region”
Proceedings of the XXIII International Workshop on Nuclear Thecﬁ'y
(14-19 June , 2004, Rila Mountains, Bulgaria), v
ed. S. Dimitrova, Heron Press Ltd., Sofia, Bulgaria (2005), 283-294 @
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E(5); N=88 - third diagonal

6
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(/Theoretical predictions of the critical points signatures
and their corresponding experimental values for the nuclei in tr_1e:

,N=90 Isotonic chain

o/

N=88 isotonic chain
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Nuclei || Z | N, | N,N, | P
BUNA || 60 | 10 | R0 4.44
Beom || 62 | 12 | 96 4.80
Slad || 64 | 14 | 112 5.09
156 Dy 66 | 16 128 5.33
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B AR,
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o 3.5
148
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= /\ . 156 Ep
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2.0 . E(5)
1.5 T T T T T 1
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Nuclei || Z | N, | N,N, | P J
TENG || 60 | 10 | 60 3.75 O
50Sm || 62 | 12 | 72 1.00
TIGd || 64 | 14 | &4 1.20
By || 66 | 16 | 96 1.36
T5Er || 68 | 18 | 108 | 4.50
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Evaluation of the microscopic
component of the nuclear binding
energy

O

in the nuclear shells

0
O Q o )
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bLmlg- empirical Microscopic Mass

:

®

Isolates the mass effects from the valence space

[\ experimental ground-state atomic mass-excess

Emacro - Mth - Emic _

M,, - calculated ground-state atomic mass-excess from
FRDM

E . — calculated ground-state microscopic energy from

FRDM- Finite-Range Droplet Model ([5] P. MEoller, J. R.
Nix, W. D. Myers, and W. J. Swiatecki, Atomic Data and Nuclear Data Tables

exp

59, 185 (1995).
& Y



T moar =

Comparing the P systematics and F-spin

classification O
NI‘I NV
P average number of proton-neutron
N.+N, interactions per a valence nucleon

. The relation between P and F,
as classification parameters

1 1 1
N.=-N,—F,=—N, P=—(N?—4F?)
2 2 2N,
1 1
N, =oN+F, =N, Foz:Nt Ne p
2 | 2 o

A. Teymurazyan, A. Aprahamian, and A. l. Georgieva
“Prediction of Nuclear Masses in the A=80 Region of Nuclei as a Function of P and F-Sp n”
Proceedings of the International Conference on Nuclear Structure, "Mapping the Trlang

Wyoming, May 22-25, 2002, "

eds. A. Aprahamian, J. Cizewski, S. Pittel and N. Zan@', ( {

AIP Conference Proceedings 638 (2002), 271 - 273 \ ) (
@
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Fit of SEM as a linear function of P for the .
5 even and odd A nuclei in each isotopic chain »

O .
4 - 28<2<34
3 -
< 2- 28 <N <£49
% 1- o
s .
TIR A
w - v
-1 L
. L |
-2 >
-3 | |
0 1 2 3 4 @
P
SEM, -|3(,+|31

"\ Q)

Result - Set of two coefficients and fo ch isol@pic ¢



Fit of as a parabolic function of
for the even and odd A
nuclei in each isotopic chain @

28sZ<34

28N <49

SEM(MeV)

¥y L & 4 0 0
0]
W




Z=28-50 & N=28-50

3.9 n -
IM&xp Mhﬂnll&ra Nixl
3,0 - " IM&xp B MPradi::tgdl
SEMvs F_
2.5 - m
s - -
E E D - L L i
= 15 - . .
1 g " | | ".
R e f ol
E : |m m l;’I '- .--l.. - T - N T d
0.5 n -l- .-'. [~ ‘.‘- L _ | ] .- .-.E |.- ‘. ‘-.--‘ -fl H% .‘.“"
—t ,.-'ll-_‘ " -; r',- :’.ﬂ'n...--n.ﬂ '.i ?- *l *'-F‘: f-i :" 1wl ‘r ||||| I ,l s
175 o1 {1el | N - I I ™=, |. u Wl "
0,0 —.ﬁh Al ® Tae ‘T.-I:'ii ol ﬂlﬁu‘ IJ il ”ﬁ' |'.iqlil e by ikl wn "
0.5 | | | |
0 a0 100 150 200

Comparison of the differences of the M_

with the evaluation of EI@M @d SI@.
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G %{@Iization of the fit for ali she\f{s

Taking into account subshells @
TABLE I. F-Spin,z and F-Spin,zs Zones

Q

9

Some | A min Semar d0min Vemaz | COsumber
in AME, =
1 e 19 B 14 111
i = 3 19 20 27 a3
SEMp_spin = (B 4+ By 2 + B £°) ol =3
: 4 | 20 27 28 44 BB
5 | 28 48 28 44 241
. r rE AR A i ZR 49 500 Bl 2T
HBuo + Bud + Bl )Fy 7 | 30 & s0 Bl =07
8 | a0 & B2 125 4
. P a | a2 125 B2 125 181
| :HIIZI | HE'.J'f I Hlﬂff-.“rcf‘- 10 | &2 125 1Z8 169 12
la | 8 19 & 13" 42
1L | = 19 14 14 Ao
&n | 33 &1 B2 so® 182
Bk | 30 &3 ® ao* 125 a2
¢ |84 &1 ao* 125 420
10a | 82 125 128 139" 152
b | 82 125 140 169 180
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NEW RESULTS o/

TABLE II. F-5pingz and F-Spinjar Coethcients and Fit Parameters

Lo

B

107

EI:I:I

x10t

B B
x10~? x 10

A Bz Bex Bz Baq
10" x107t 10’ x10° 107!

W e =] T o o= L X

-
L]

00147900 -0, 1452414
-0.04 723530
-0.0741328
00865218
-0.0977425
-0.0811450
-0, 2856352

-0.1153735
-1.71064891

-0.6157349

0.7ETCA46
0.7 2687648
0.7
05325733
04234495
090655215
053432509
J.EA2Z2AT
1.500RAEL

171404

04285661 01153417
-3.0531705 06064538
17272608 -0,8452452
14457002 0.7 206156
-0.T25R019 00751298
-0.5236430 0.0B31527
07127516 -0, TARAS0T
-0.2525418 00585223
-2.1TER232 -3.66807257
-0.BRTT1ST -3.8641512

1LA121482 05084757 -1.0810862 1.B87R2149 40 7900485
BEOIZTRE 2.2A22905 -2.4260262 29444930 00752570
6.4980783 -1.1991530 24005642 24420547 404308451
A.0531135 1.2234565 4.42B01493 .5.4529176 0.66852E15
OLTATERZD 01220527 03513260 02106614 0.0Z37564
06536171 01074915 0.5B21897 02747768 J.0G40a48
24032309 01670663 L.653374] 0170155 00125754

0.1532584 -0.0027EH] 068655855 -0.1821231 0.0120209
8.1281257 -0.43268115 -1.792589]1 O.38340867T L0.02080Z7

B.1970RT .0.4329413 -1.9044525 1.065886] J0.057E45]

0.5E
0.17
0.1E
0.16
0.12
0.11
0.10

1.1E
0.03

0.9

i O e
L= = I = = |

=

-0.0285268
-0.02747T0%
-0.3871 140
-0.0261230 0.
00625327
-1. 1041 726
10k [ 0.0600508 -0.0923228

0657 4424
04502454
1.282E455

157239

-0, 1335452
24026852

-3. 15966856 01065251
1.S6TARE 05251594
10226552 0.087 0654
-0.1234234 -1.7a51552
00857013 0.65435233
13075806 0.50745259
0.0390522 0.7830141

3.6T4R06S 2 5252560 14860542 25421077 -1.3557825
-B.O10T438 A 2535021 0056500 DE3A5104 L 4825100
069624238 0055357 02083205 00473626 0.0007135
5, TOOGES] -0.46]1TRA1 63602530 20576716 0.1674705
1LEADRES] 01234514 DES0TEST 02746152 00205572
1.TTRRA01 01242598 .0551 190 08572352 Q00565254
-1.5RASA] 2 OOTIAE]1A .1 9250150 O.FA6R]104 J0.019959]

0.57
0.29
0.04
0.08

0.18
0.04

0.04
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[hfference between the expenmental AME12 and the F-5pinl2 fit.

ASEM,
(MeV)

Neutron Number



% Conclusions A

have obtained expression describing tu
between I and .
. is generalized for all nuclei

and to accommodate
interpretations of the valence nucleons.

. A smooth dependence of the microscopic component of the nuclear
binding energy has been obtained using a simple quadratic
expansion of the third projection of the F-spin and the proton number
Z. This allows for the fit of 2317 nuclear masses using 14 common

shell zones with an overall standard deviation of 324 keV.

The predictive power of the new approach is discussed, and
* tables are included for the predictions of masses which are &
presently unmeasured, or which have considerable

experimental uncertainties. ‘ @
o U Q 2 m
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