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Physical
Nucleon Nucleon

Observed , Mu:-;i-h Charge, Size (0.8 fm)
Properties®  Spin, Mag. mom.,eee




Radius= r, A '3, r,=1.2 fm

A =8,R=2.4 fm

A =216,R=7.2 fm
"Be & 2.50 fm

208pp > 5.45 fin
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‘Nucl. Den  Atom. Vol (0.8 A13)3

— _ ~ 1014
Atom. Den Nucl. Vol (1.2 A3 3
) VERY VERY DENSE MATTER
A- nu. Vol.  A.(47/3)(0.8) 8
— = 30%

Nucl. Vol.  (4a/3) (1.2 A3 27
Most of Nucl. Vol. is Empty




N-N int.:
V. Strong, Net Attractive

Short range, State Dep.

Non - Central
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B Nucleus: A (N+Z7) — Body Problem

HYy = ZQn Vit ka

Uy = LV,
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Can Not be Solved:
Difficulties:
e Mathematical

e Two-Body Interaction
(in the Nucleus)

Approximate Methods:

Models Developed:
Many Models Exists
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Advantage
is
Freedom to Choose (),

Choose O — hj_Zero (Minimum)

Mean Field Helps to reduce
A-Body Problem —» One Body Problem




Phenomenological (Shell Model....)
Microscopic (BBHF)

Phenomenological

 H.O. + 15 ‘

]. i A
), = Emwz?‘z + oyl s

EILT?IEjT?lj = Ry (T) {}/E ®X1j2} .
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® Mean Field Concept

® Shell Model

® Magic Nuclei: TDA - RPA
® Open Shell Nuclei

a. Configuration Mixing

b. Truncations: Seniority, BPA ....

c. BCS — Quasiparticle Method
d. HF, HFB, PHF, PHFB
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NO CORE

e ab intio Shell Model

® DDHF — Skyrme Type Interaction

® RMF — Rel. Mean Field
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Schrodingeir Equation

M, =

)
ZZn Vi 4 EVM
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Uy = LV,

Bound State Problem

Basis Expansion Method
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Basis Expaiision Method

quﬂ:Eﬂqjﬂ:H:Hg—l_V

_ I Fo
HDF = ey Vo = Lol

Y e + (B%VIEF) — Eudig]a, = 0
I

Hixk = erdix + (Px|V|PT)
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Step I: Choice of Basis (ean Field) 5

Step 11: Construction of @, - A Nucleons

Unperturbed Energies &,

Step II1: Setting of Ham. Matrix ~

Step 1V: Diagonalization of ~
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Step I: Choose Core, Valence Level, s.p. Energy &;

€;+ Expt., Calculated or Parameters
ho =41A-173

Step II: Orthonormal Basis Set @,
Group Theoretical Method

Step I1I: Setting up Hamiltonian Matrix

Requires Two —Body Matrix Elements
Realistic, Phenomenological, Empirical




Step 1V: Diagonalization of H-Matrix

Repeat for each J”
Hamiltonian:
Y eaClCh + Z (aB|V CLCsC,
Cx Df 30
) = —{(Ba|V|yo)

f( sf?{_]c’ I«;T {5 ~y ::-

A\
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‘C (C): Particle Creation (destruction) Operator

‘Vacuum Obeys ‘ Cyl0) = 0

C'1(C) obey anti commutation relations

{Cor O} = CaCli+ClCo = 04ap.
(Co, C5) = {c;: cg} = 0
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Appllcatmn to Closed Shell Nuclel

Valance

Levels




 1p-1h: Lowest Energy — Excitation

{GJ}CH}

 Higher Order (Energy) Excitations
2p - 2h, 3p — 3h, .....




Equation of Motion Method

Operator QI Obeys:

aqQt
M

=2 = [H,QL] = E.QL

HQLlY) = (Ea+E)QLIY)

QI,_, (Q,:._,) acts as step up down Operator

Vaccum (g.s.) is defined by Qalto) =

0.




if Set of Operators al (i= 1, 2, 3, ..., N)|Obey

[H, ﬂ-:-r] = Z ] f;,'jﬂ;

Step up operator: | Q' = Z.EE"HT

§ : (W P - e
J



We require |H,C{C,| and its HC

It Contains Two Terms:

> (aBV]yo) (clchese,. clo,
o
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— [BC, _
. .A] — [A,B]C+ B
| rB}C_ B{.A C} [Ajc]

C,|0

[A,B
A,B} = AB + BA
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cicicsc, = :cClcicsc,

+{ (_‘.‘;L {T‘; ) 1 C5C,, 1 +(Cs5C) {.'-“jl C ;g ;4 C-*:L C,): (.’-‘; 0§

+(C3Cs) : CLCy - —(C]Cy) : CLCs - —(CLCy) : CfC, -

+(Cleh(CsC,) + (CICs) (¢




— Z Ehéhhs—l—zmhﬂﬂh’hl} Q}tg‘h,
h' hy

+ ;; (<f1P’|V|Ph’:}G;; Chr + <hh’|V|PP’:}CTICF;)




[H, {?IT?C}';?] = Z {{E*p — ‘:Z:h }53133’ 5hh’

p'h!

+ (hp'|V|ph')) C“ixffhﬁ + > _(hh'|VIpp')C 1

—y

— Z (A{h’h.._fjrjh.}(?;;f_’.fh; + B{f_ﬂh#?ph}(_’_fi,(ﬁp,)

p'h!

The Matrices
A(p'R',ph) = (€, — €)0ppOnn + (hp'|V[ph')
B(p'h'.ph) = (hh'|V|pp")
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In Coupled Representation: J"' T
H,Q1 A B Qf
e ) = (% Z)(%)
Qrarrgg (pis b)) =

{_ J_ }J—_ﬂl*f +1'— M ﬂ g

MT— Mg (Diy hi)

(€pe — €ne)0pip;Opin; + F(Pihipjh; J"T)
(= 1) B (pihihyp; JTT)
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Hole Particle Matrix Element

-.E'-'u."-

FlacdbJ™T) =

i ! i / - Fi e s & s / f ].J.J.]_
Z(ZJ + 1) 2T + VW (Jadbicia; J IIW | = ===, T'T
J'T!

x (—1)Jatdvtictia(qp J'T!|\V|ded ' T')

W is Racah Coefficient

2222
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Step Up Operator

O = X — v
(5 )
—-B —A

X* - v? =1

Both X and Y can be large



Mlustration '°0

e Step I:

Hole levels (h):  1pss. 1pyse

21.8, 15.65 (for neutrons)
(€) (MeV):
15.44, 12.11 (for protons)

Particle levels (p): l.::EE,_;g,_ 2819, 1.:',33_;3

-4.5, -3.27, 0.93 (for neutrons)
(€) (MeV):
-0.59, -0.08, 4.65 (for protons)




wF aH L o
& : L sl . 3 R T | - AR
i .!a. =S EL T ERTACERITAEEE S 1 Ll el e L
il : K e 5 e f s o 2 T 5 : ; i "'h K. I ™ r
3 g oy ) " 8 - - T e il - ¥ ..
X & . 1
& Clirg T L T ) F. TRRN T

AT %ﬁ%{ ﬁ"ﬁ* —u.aj-.__ —-E,_.,f‘.-,f; e

e Step II: Construction of h-p Basis

‘FOI“ JT =07 I'=land1 =0

(Lds/21p3 )=+ (25172197 )5)0-
‘For‘ J"=1" T=1andT =0

(1daf21pgﬁjl :(1d3{21pgﬁjl a(231lepgﬁ)

(281 42 1?—’1_;3} (ma;zlpug}
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For 0~ State

1.= 1ds;o 11:1.;;12 3.= hc of 1;

2.= 2819 11:11_.;12,_ 4.= he of 2:

g - e —r——
1] - T i i r
- - L T | e & |
! 't . ) . 5 T 5
i 3 - - =t i
e roa i) i
o - 5 i P I-\. vi_# =
s : wr H LR - e
Eoirnriey, 7 o a e e T e e 11;7_. - g - o

T E(MeV) 1

i
[}
N

TDA 11.2 0.001 1.000
RPA 11.2 0.001 L.ooo | -0.002 -0.002

TDA 23.1 1.000  -0.001
RPA 23.0 L.ooo  -0.001 | -0.034 -0.002

TDA 13.7 -0.045  0.999
RPA 13.7 -0.045 0999 | -0.012 -0.012

TDA 25.7 0,999  0.055
RPA 25.6 L.ooo 0053 | -0.040  -0.015




i
B

Step I11: Two — Body Interaction

M=W=0.15, H=0.4 and B=0.3
Gaussian Shape, Strength = - 40 MeV

Step 1V: Diagonalization

Results for jm _— )—
Bothfor 77" = 1 and T = ()

Similar Results for Other States
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Open Shell Nuclei

‘ Ilustration >3Ni ‘

‘ Step I: Mean Field ‘

3¢Ni (Z=N=28)

‘ Core:

‘Valence Levels:‘ 2‘})3;3, 1f5 /2 2?5'1 /9

‘s. p. Energies : ‘ ‘0.0, 0.78 and 1.08 MeV
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Step 1I: Orthonormal Basis Set

‘2 Valence Neutrons ‘

2
; . . j . 'H . .
(1p3;;)ﬁ=ﬂ+ 2+ (‘pm ”"”f;”)ﬁ=1+,z+,3+,d+ =

(Zpga;;ﬂpl,ﬂ)‘;w:ﬁ,z-l- . (1f.-'5.j2)

9

. y . 2
(1.}5;’2 zfjl,fE)Jw:E-klg—l— : (2,!_'-]]_ fﬂ) JT—0+

‘No of Basis States are: ‘
07(3), 17(2), 2*(5), 37(2), 47(2),

2
JT=0+ 2+ 4+




Step I11: Kuo — Brown Inte. ML.E.

Step 1V: Diagonalization.

.-‘J".—-_,pll-"
'\-\_
_-'l-u" _.-"“*-h . -

Results for *3Ni, °Ni, ®2Ni and %Ni.




J" 07 0F 2 2=y 47 47
58N EMS 0.0 256 1.41 286  2.30
EXPT. | 0.0 1.45 278  2.46
“ONi | EMS 0.0 230  1.50 220  2.18
EXPT. | 0.0 229  1.33 216 250
52Ni | EMS 0.0 211 1.56 229 215
EXPT. | 0.0 205 1.17T 230 2.34
J= 1/27  1/2; 3/27 3/27 5/27 5/27
>N EMS 0.24  1.10 0.0 0.82  0.21  1.47
EXPT. | 047 1.32 0.0 0.80 0.34
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Is Nuclear problem solved? NO
Reason : Huge number of Basis ®:

For 112Sn: 12 neutrons in five s.p. states
(2d5 /9, 1g7/9, 3812, 2d3 9, 1hyy o)
The Number of States ® are for

J™ = 0F is 55,907,
J7 = 2% is 267,720
J7 = 47T is 426,558
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Solution: Truncation Schemes:
Seniority Truncation Scheme
Seniority (v): No. of Nucleons Left
After all Pairs Coupled to J =0 are
Removed.

Even — Even: v=0, 2, 4 are OK

Odd - Even : v=1,3,5 are OK




Seniority Decomposition (in %) °¢!Ni

State J” Energy

Theo. Expt. | v=1 wvr=3 vr=5
1/25 (.02 .25 96,9 2.9 0.2
1/27 .02  — | 241 745 14
3/27 0.0 00 | 924 70 0.6
3/2, 1.03 (). 66 41.2 657 4.1
5/27 0.12 007 | 971 27 0.2
5/27 003 001 | 243 713 04
7/27 002 102 | — 040 5.1
0/2; oo — | — 003 07




Seniority Decomposition (in %) ®2Ni

State J" Energy
Theo. Expt. | v=0 v=2 r=4 =6

07 0.0 0.0 | 997 — 03 @ —
07 211 205 | 873 — 127 —
1} 3.57 — | 247 700 53

2t 1.56  1.17 904 05 0.1
2 2,20  2.30 89.1 10.7 0.2
37 2.84 — 40.6 593 0.1
47 2,15  2.34 29 70 0.1
47 2.76 — 416 583 0.1
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Still Problem is Not Solved:
For 12Sn the v=0 States are 110
While v=2 states Approach Thousand

Solution:
Quasiparticle (BCS) Theory
Broken Pair Approximation (BPA)
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Quasiparticle OR BCS Method

This Takes Into Account the Strong Pairing Part
of the Effective Two-Body Interaction.

The Idea is to Go From Particle Picture to
Quasiparticle Picture (New Mean Field) Through
Bogoliubov or Quasiparticle (qp)
Transformation. This Leads in the Lowest
approximation, to Independent Quasiparticle
Picture - Incorporates the Pairing Interaction.




