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“global 07 -+ O O mass region (matter J 0 0O )
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(HDM3YODOOOO --- “semi-microscopic” int,

Ref.. H. N., P. R. €68, 014316 ('03)
N. P. A722, 117¢ (’03)
Proc. of NENS03 (to be published)
e G-matrix — M3Y — OO O OO0  e.g. saturation, LS-splitting
e OPEP I central part  keep cf. xPT
e 000D ODOODODODOO (Skyrme, Gogny)
— spin & spin-isospin property D O O O 0O (--- g, g7)

SkM* SLyb D1S  M3Y-P2

90 0.33 1.123 0.466 0.113
g1 0.0 0.253 —0.184 0.273
9 094  —0.141 0.631 1.006
91 0.0 1.043 0.610 0.202

e Spin-isospin property — OPEPUO OO O OO O O O
< new magic numbers? cf. Otsuka et al.



90, 97 in Skyrme int. & o7 excitation (EgrR) :
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M. Bender et. al., PRC65, 054322

excitation energy (MeV)

— reasonable value: ¢, ~ 1



S.p. levels of N = 32 nuclei

Z-dep. of Aey,: €,(0f5/2), €n(1p1/2) relative to e,(1ps/2)
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o Z-dep. of Ag,(0f5/2) — N = 32 magicity at Z ~ 207
o M3Y-P2 - - reproduce inversion of 0 f5/2 & 1p/5!

(without core-pol.)



(IT) GognyO O O OO --- phenomenological int.
M. Sato & H. N., many talks (JPS meetings, etc.)

e [0 0 O parameter (e.g. D1S) — unphvsical true minimum

n-matter 0 collapse (p — cod E/A — —o0)
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Properties of sym. nucl. matter (& surface energy)
Symmetry energy
Pairing properties

0000 : SE part O p-dependent repulsion [ 00 [ [
«— hard cored 0 O
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Interactions:

V19 — U12 + 'U12 + U12 + ’U%D ;
U% = (tSEP + tTEPTE + tSOPSO + tTOPTo>f (7‘12)
LS

Vg = zn:(tLSEP + tLSOPT )f <T12) ng (Sl + 82) ,
vly = Xn:(tTNEPTE + 1239 Pro) £ (r12) 11,512
’U]1)2D = tD (1 + QEDDPU)[p(I‘l)]a(S(I‘u) .

e Skyrme interaction — fn(?“lg) = 5(1‘12), V25(I'12)

o Gogny interaction — fC(rps) = e~ (12" fLS(r o) = V25(ry,)

‘D15’ - - - the only parameter-set widely applied
in recent calculations

e M3Y-type interaction — f,(r12) = e "2 /11,115

Nuclear matter properties «» Basic characters of eff. int. (central part)
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viy + vl

E=E/A;  E=E(p,m,nsnst)
P = UZT:,OTU = Ppt + Ppl T Put + Pnl
Nns = (Z UPTU> //0 - ot 2l T l !
oT P
. = <; 7‘pm>

P
Ppt — Ppl — Pnt T+ Pnl| _
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Saturation

0 0 0
78 — g = 5 — O — =MNg = Ngt = O
ant 8775 3775t " ' st

(spin-saturated) sym. nucl. matter
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5,

=0 — (<—> kFo), (: bvol)

sat.

Landau parameters (around the saturation point)

U1C2 + U%D ~ Ny {fk1k2 + fl/qu (Tl ' TQ) + Gk ky (01 ' 0-2)

F Gk, (01 02) (1 T2)]

(Np: level density at the Fermi surface)

6*({V)/9)

, etc. (n(k): occ. prob. of s.p. states
(k)0 (k) (n(k) D D )

Jkik, X 5

— fr= /_11 d(cos 012) fik, Pi(cosbia), ete. (cos b1z = fil ' RQ)

]\ﬁ :1+;f1, ICE9§:25 sat.:gf\lz%é‘o(“rfo)’
a; = ; ;; N = 63%4066(1 + fo),  (-+- symmetry engergy)
0= 5o o1,
g = ; ;;5 N 6]31%4()5(1 + 90)




[] [1 — parameters vs. 1 0 00 0 O

O 00 Gogny DISO parameter 0 OO OO0 O0OO0OOO 7
(0 O int. O range O fix)

% Symmetric nuclear matter - -- On the ny =1 = ng = 0 line

o

Wi(p)

Interaction parameters :

3 1

P 4 1)+ (50 + 0110)
3 1

+Y ¢, 4(t§E . 4(1520 +0t10)

—I-tDD pl—i—a

Elp,n=0) = (;:cn

Wi,.(p) : appropriate function of p
Gogny - - - 2 ranges for v$, — 5 parameters (including o)

Note: Skyrme, M3Y --- O 0O 0O O 2 range

Jogog:

e Saturation py & & (—oR2P0000)
po ~ 0.16fm™® «— density dist. & radius

&y ~ 16 MeV  «+ binding energy
of Z ~ N finite nuclei

e Effective mass (k-mass) M (< f1)

M§ ~0.7M <« s.p. level spacing for |[¢ — ep| = 20 MeV
e Incompressibility K (< fp)

IC ~ 210 MeV (in non-rel. models) « FE, of GMR
e Surface energy  bgurf Note: o0 0000

bsurt &~ 20 MeV  «—  mass, fission barrier (in Gogny D1S)

o

= DISO 00O sym. nucl. matter 0 D 00000000000



% (Volume) symmetry energy a; (<= f{)
a; =~ 30 MeV <« binding energy of Z < N nuclei
Note: [ ~ vpn — H(Vpp + Vnn + 20pn) ~ V121 — V1=
~ (05E + 0TO) — (T 4 50)
% Pairing properties <  v°F for p < py region
Matter 0 0000 O A(ep) O peak 0 0 0O & O O characterize

(<= int. range?)

Jubogtubtgubtotubotobtotobtgtobogubogun
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% Neutron matter J O 00 [
Elp,my = —1) ~ °F 410
000000000007 — %0 p-dep. 000 or 00

v <0 for low p

v > (0 for high p (+ hard core) HUUbh
Disod ---
no p-dep. in v°* (.0 2PP =1) Note: 019 ~ 0
% Spin-isospin flipd0 000000 g
gy~1 «— FE,of GTR
DISO0O -+ ¢,=06—ft00000000000O0O0

Note: “v5E” « ¢C 4+ ¢PD



DISO0OO00O0OO00OO00ODOO(MO0OD)00 —00O00Oooood
v + PP O parameter: 110 (int. range O fix)

e £(p,n =0) (sym. nucl. matter 0 energy profile) 0 0 00 00 O
— 5 constraints

e ;10 UMOMO — 1 constraint

o Alep) 0 profile0 00O OO OO0 — 2 constraints
(cpeakd0O0ODODO)

= DISO0D0 O keep(DOO)
Note: 0000000000 OD0ODOO

e v5F [0 p-dependenced 0 O O (« hard cored 0 0)
PPO0 100000 — Neutronmatter 0 0000000

p—oolimitd 000 — 2P <100000
Unphysical min. 00000 — 2P <09400000

e Additional constraint 1]
Elp,n=0)00°*0000 v™ 0 compensated O O
ood?

OO000Oevend oddOOOOOOOOMNO
— reasonable ] O O [

f. a(~(0s)'0000)--- P+ 000000

= . zPP ¢ 00010 (00D000000)

‘al’ -+ a2PP =0.94
‘b1’ -+ PP =0.90
b2 - 2PP =090, Alep) D0 D0O0DO0

(00000000 O0oooDooooooooogon)



Behavior of v°F in nucl. matter
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Neutron matter profile
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Pairing gap profile
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v 0 p-dep. (« hard core)d ¢ 00000000 ?

parameter P 90 g1 90 91
D15 1.00 0.466 —0.184 0.631 0.610

al 0.94 0.263 —0.143  0.699 0.583

bl 0.90 0.140 —0.227  0.740 0.641

b2 0.90 0.143 —0.126  0.739 0.642

M3Y-P2 (.73 0.113  0.273  1.006 0.202

Note: PP « v3E 0 p-dep.
gooooog ---

(1) E(p,n=0) (2)a; (3)pairing 0O0DOOOOO

<00000000000
(4) p-dep. (or hard core) — v°0 high p 00000000000

° pairing property U U 0O 0O 0O O O O

vWE 0 p-indep. 000000 (40000 compensate 0 O O

AP0 0000000

e (13)00000™, %0 0000
c.g. VP 00000, 0000 (- a)

channel ¢°F 1T o™ | 1O | 50 1 total
oo 3 3 1 9
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% Cogny int. 0 v”* 0 p-dependence0 OO O (ie. 2PPOO0D0O0DO0O)
— 20000

n-matter 1 O 0O O O
oT property

oogooooooon

w 00000000 high pO0O000 (« hard core) 00000
or property D00 O0OO0O0OOOOMO

(000000000 correlated O)





