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HFB in canonical-basis method

HEB solutions can be expressed in the BCS form
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“HFB CANONICAL BASIS



Ref. Bonche et al., Nucl.Phys. A443, 39 (1985)



HFB with the Skyrme force

Mean-field interaction:

—

1 . L
v = to(l 4+ xgPs)d + 2t1(1 + :Ijlpg)(k2(5 + 5/€2) + to(1 + w9 Py)k - 0k

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

L=Fs |, _p _p—pp (ﬁf L (225, 512
Up = Vp—— |1 — — — T, —|— — ——5 k70 + ok
e v, : overall strength, to be adjusted depending on the cutoff.

Cutoff can also be controlled by the number of canonical basis.
o p. = 0.32 fm™1, =p. =00 : density dependence, insufficient information

e k.=2fm!: momentum dependence (=finite range effect),
prevents the point collapse

See http://www.apphy.fukui-u.ac.jp/~tajima/jpsm07fl slide.pdf for details.



FrEREEATEOFHIA




Time reversal symmetry

The time-reversal operator T' can be defined in |7’s) representation by

T =1, Tl ==,

Tap(r) = (7)1

Thus, for ) = Jdr [y
) = Tl) = [ d'r [

YH(r)

We use four real-value functions of 7,

R
7l

)+ (7
) — (7)) 7).

{ w07, O, U(F),

V(7)) }, to express a time-reversal pair of orbitals.
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Time reversal and spatial symmetries

e In other works, spa-
tial symmetries are imposed
(e.g., Doy, Cy, Cyp, Rp), un-
der which time reversal part-
ners can be assigned to dif-
ferent subspaces.

Ry =-1 subspace Ry=+1subspace
e On the other hand, in this
work, we do not impose any .
spatial symmetries and thus e
it is not possible to prefix a ’

subspace for ¢ > 0 or 7 < 0.

full space
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Diagonalization of HFB quasiparticle Hamiltonian
in the subspace spanned by the canonical basis

For |C¥> 3 ‘ﬁ> E{‘D » T T ‘M> . ’D A

h : mean-field Hamiltonian

W =h, [T,h]=0
Hozﬁ — <O“ (h_ GF) W>

for 1 <i,j <M

lAij = (1| (h—e)
Bjj = (1| (h—¢)
i

A=A B'=-B H =H

J)
J)

M))

~

h : pairing Hamiltonian

Wl =h, [T,h]=0



Quasiparticle Hamiltonian is defined in the doubled basis

{|1>7...7|M>7|1>7...7M>7|1>7...7‘M>7|1>7...7M>}
H A
H_(_A* _H*) (M =H)
Foreq >0 (a=1,---,2M), quasiparticle states are

Ua| Ua Vil o B %
H(VQ)G&(VQJ’ H[U;J GQ(U; .
Vi @ spatially localized
U, : spatially localized for 0 < €, < —¢,, dislocalized for €, > —¢,

All the above calculations are to obtain the one-body density :

p:V*VTa V:<V17”'7VQM)



The one-body density p is very useful because
the eigenstates of p are an improved set of canonical basis states.
It guides the gradient step evolution to a fast convergence path.

note 1) One expects to obtain the eigenstates pairwisely.

Wi =vsWy, i)' = 3 (Wi l7) + W5 ),
B M . .
pW7 = UZZW@, 7) = jgl (sz ) + W5 |7) ) :
[t must hold Wj; = —W5, Wy =WZ.

No numerical troubles encountered.

note 2) One has to adjust the Fermi level €, to fulfill N = Trp
and thus one has to repeat the above procedure many times.
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Test calculation

Nucleus: Z =14, 6 <N <34
Mean filed:
Skyrme SIII force, including the spin-orbit force,
but excluding the Coulomb force
Pairing force:
ke =2 fm_l, pe = 0.32 fm_g, vp = —1050 MeV fm?
The number of the canonical basis states:
three times as many as the number of neutrons/protons (N=14)
OM = N +2-142/3N1/3
Box: Cube with edge L = 25.6 tm — 40 fm — 60.8 fm,
(31° points — 493 points — 75° points)
mesh spacing Az = 0.8 fm
Initial state: Harmonic oscillator state with 8o = 0.3, v = 30°.



The number of canonical basis states

An estimation in terms of a harmonic oscillator relation
[(Nosc) = 5(Nose +2) : 0000 Noee 000000 o0)

(1) energy up to the Fermi level + €qut

N (1 3 1/3 €cut
oM = |31/3 4 9l/
317 T 4l )

2N for eqqpy = 12MeVO 20 0 0O O 0O O
= { 3N for eyt =21MeVO 3O OO OO0
AN for ey = 28MeVU 4000 0O O O

= Empirically, pairing gap is roughly independent of V.



(2) n-major shells above the Fermi level (e, = 41nA"1/3 MeV, A = 2N)

N 42BN

3
n

= Dependence on N is still too weak.

(3) In this talk, I choose
for Z = 14 isotopes, OM = N +2- 142/3N1/3
ON=Z=140300000, 1.ohvd O OO

for N =2 =150, 2M = 150
02000000
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7Z=14,N=32 (a nucleus in the drip line)

Neutron’s Fermi level = —40 keV

By changing the length of the box edge
L = 25.6fm — 40fm

IAE| = =50 keV

Aryms = 0.013 fm

L=40fm — 60.8fm
IAE] < 1 keV
A7 = 0.0003 fm

Even for this extremely weakly bound nu-
cleus, there is no difficulty to expand the

box size until the result converges.
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