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HFB in quasi-particle method

#basis

= II b])0)

1=1

bi = Z_/ d>r {c):(r_’ s) a(7, s) + 14(7, s) a' (7, Q)}

—h i\ [ P
h h W o W;

bl : quasi-particle states, including information on excitations.

HFB in canonical-basis method

HEB solutions can be expressed in the BCS form

) = jlﬁx (-u.z: + v al a;) 0)

=1

al = % [ d*r U (T, s) al (7,s) : HFB canonical basis
.

E

01 s

Hibi =3 Aijbj, Hi= e*fh + u;v;h
j

Exact when bmax = %#b&%iS (Bloch Messiah theorem)
One may neglect v? < 1 states to describe the ground state.
i.e., imax = O(A) < #basis to a good approximation

HARTREE—FOCK BASIS
(~ QUASI-PARTICLE STATES)
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HFB CANONICAL BASIS

h : Hartree-Fock Hamiltonian

h : Pairing Hamiltonian
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HEFB with the Skyrme force

Mean-field interaction
- 1 —_— - F‘—P —_— F‘ﬂ)
v = ﬁ)(l + ;I.‘UPU)G + §f1(1 -+ ;I‘lpg)([f?(’?r + (”12) + fg(l + ;’I.‘QPU)AT ok

1 _ ] L
+6pﬁ'f3(1 + x3P,)0 +iW (o1 + a3) - k x ok

Pairing interaction: different parameters assumed, only for (S=0, T=1) pairs.

1_P€T n A% - 1 oy o
Up = Up H LA z—({—))}d— (kﬁ20+dl;f2)

Pe Pe Pe

o v, . overall strength,  to be adjusted depending on the cutoft.

Cutoff can be controlled by the number of (explicitly considered) canonical basis with v% > 0.

~

¢ p.=032fm L p =p.=00 : density dependence, insufficient information

¢ i, =2fm': momentum dependence (=finite range effect), prevents the point collapse




Hamiltonian density for even-even nuclei

E: d_' f11
fH T, H Zm( )

Ch (Pn + :Op) + 1 pupyp
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where .
?tﬂ(l — o) C1 = 3to(2+ o)
g (f1(l —xq) +3ta(1 +x9)) €5 = g(t1(2+ 1) +12(2 + 29))
a5 (ti(zy — 1) +ta(za + 1))  Cf = —3t1(2 + x1) +t2(2 + 72))
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Densities (q = n, p)
Tq('ﬂ =2 > |VL'{;1(? ’ %q(ﬂ 2 > 'u'q-i't”qi|ﬁ;l.-"':l"q-i.(;sO_)lze

a::—[] o 1>0,0

pa(7) =2 3 '?§i|’¢f"’9'i(?_’: o )|2: Pa(T) 2 X Ugivgi|tei(T, o))

1=>0,0 1>0,0
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Effective masses and single-particle potentials

hQ
5 + Copy + Chpp

9 n
— 2Cpu + Cpp + Comy + Ch1p + 205V 2 py + 205V p,
o2 (@ + 2)Cup2 + (aCy + Cp2 + (2C4 + (o + 1)CY) pupy]
+C5V - Ty + CUN - Ty + Crpl + CLp
W, = —C5Vp, — CLiVp,
Vi = 2Cspn + 2Cpupn + 2Cpppn + 4Csps + Co (7 — 2V )

State dependent Hamiltonian

hg = -~V - qu + Vi + iWw, q- 0 X \V4 - mean-field Hamiltonian
f?..q . v qu + L . pairing Hamiltonian

Hyi = hq + UqiVq hq - Hamiltonian of ¢th canonical orbital




Approach to the drip line (and beyvond)

1Isotope chain:
Si(Z=14), 6 < N < 32 have bound states
Mean filed:

Sl force. Is and Coulomb excluded.

Pairing force:

ke =2 fm™ 1L, pe = 0.32 fim 3.
vp(MeV fim?) —680 | —780

AN =28)(MeV) | 14| 20

Mainly, v, = —780 is used.
Box:
L =32 1tm. Az = 0.8 fi

The number of canonical basis states:
neutrons : 60 x 2 (2 for spin T and |)

protons : 21 X 2 — mostly in the normal state
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Stronger pairings lead to longer delays of dislocalization.
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% ,'.5\ ‘iIEﬁ@*ETE%%ET Canonical basis states of neutrons
YEE D FEAR . T F (fm) -
HEEh D EE4Z : Hartree-Fock
Hamiltonian M &{F{E (MeV)
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SEDODESE
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GER$Re) Fortran 77 DIEEREH DDA EBH B EITLT=.
BIEME B DN, TOT S RETHENTEL T,

CPU® dual/many core {tZFATZ A5 T 0T S LIZSBHEL TLK

IF4E dual CPU : proton, neutron — quad core %5 ox=+1FTILIIHIT5
IRTE fifo (socket, like MPI) — shared memorylZZ X f=0\

BEHD CPU AT S KRBRILINGFELZ SN TESH

Woods Saxon Strutinsky;x%: 5 B
BEE1EZPC1ATHBMTHETES [FHEs)] B

28aWF-6 SR E T HISER,FKRX
BRERIZE T Sprolate BB D EEIR --Woods-SaxonRT 4 )L TOEEHT--

EHREORYIRWNIHEDRM | EXIFO/NTA—2ILDEENH
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