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472 ERENS, VISSCHERS AND VAN WAGENINGEN
TABLE V
Eigenvalue | £ | For the Potentials From Table I as a Function of kg,
{ E{ (MeV)

Kmax B v EH AT H Y MVI MV
0 9.2062  7.7080 3.6660 0.3548 8.2349 2.5382 8.3960 0.5660
2 9.6134  8.078  4.7390 2.1291 9.1934 3.1359 9.5219 1.8386
3 9.7462  8.3296 5.8895 4.6059 9.7496 3.5378 10,2383 4.2234
4 9.7646  8.3759 6.1083 5.2081 9.8651 3.6283 10.3952 4.9824
5 9.7738 8.4162 6.4934 5.8066 9.9733 3.7125 10.5375 5.8854
6 9.7779 §.4428 6.7385 6.2376 10.0536 3.7792 10.6481 6.6316
9 9.7794 8.4609 6.9592 6.5848 10,1306 3.8466 10.7566 7.3762
12 9.7795 8.4641 7.0201 6.6675 10.1577 3.8717 10.7958 7.6217
15 9.7795 8.4646 7.0379 6.6894 10.1695 3.8830 10.8131 7.7136
18 9.7795 8.4647 7.0446 6.6953 10.1754 3.8887 10.8218 7.7521
21 3.8919 7.7697
24 3.8939 7.7785
27 3.8951 7.7831

-3

-1

OME

Fic. 1. Illustration of the convergence of the binding energy as a function of kgax for the
potentials listed in Table I.
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. . -
Nuddiars amoboma (A=3,4) with nuelirbe pbua i on

Goal: find accurate solutions of HV = EV.

H nuclear hamiltonian:

A2 A _, A A .
H"—:_—ZV +ZV(Z7])+ Z W(7’7.77k),
M i= i<j i<j<k
e non relativistic kinetic energy

e V(i,7) nucleon—nucleon (NN) potential
strong repulsion at short distances
spin-isospin dependence

non central (strong tensor component)

e W (i, j, k) three—nucleon (3N) potential
Use of variational principles
Expansion of the spatial part of ¥ in the HH basis
Due to the strong repulsion at short interparticle distances, the HH

basis converges very slowly
Modifications of the method — CHH & EHH

Alternative techniques
e Variational methods (Expansion in a basis of gaussians)
e Faddeev—Yakubovsky equations

e Green Function Monte Carlo method
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3H and *He bound state

Q Zla £2a La SQa T2a Sa Ta
10 0 0 1 0 1/2 1/2
210 0 0 0 1 1/2 1/2
3/0 2 2 1 0 3/2 1/2
412 0 2 1 0 3/2 1/2
5012 2 0 1 0 1/2 1/2
6|2 2 2 1 0 3/2 1/2
712 2 1 1 0 1/2 1/2
812 2 1 1 0 3/2 1/2
9|1 1 0 1 1 1/2 1/2
10(1 1 1 1 1 1/2 1/2
1)1 1 1 1 1 3/2 1/2
1201 1 2 1 1 3/2 1/2
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26 OHANELS

The final calculations includes all the channels with ¢; + 45 < 6.

For each channel, states with G = 2ns + ¢; + ¢5 are included
starting from Gg, = £; + £, up to a given maximum G,.

It is very important to study the convergence channel by channel,
in fact, the necessary G, values can be rather different.

e Channels 1 —4: G4 ~ 80
e Channels 5 — 8: C_?_a ~ 40

e Channels > 8: Ga. ~ 20 or less



3H binding energy \ Ml )

Convergence with G — First 4 channels

G Volkov S3.. AVl4
0 7.708 0.344 —
4 8.079 2.129 —
8 8.376 5.207 2.803
12 8.443 6.237 5.635
16 8.458 6.500 6.532
.20 8.463 6.620 6.973
30 8.466 6.689 7.283
40 8.466 6.697 7.353
50 6.698 7.362
70 7.373
90 7.375
exact 8.466 6.700 7.684

Channel convergence — AV14 potential

N, B <T> Py Pp
4 7.3751 44.200 1.231  8.169
8 7.6605  45.556  1.129  8.926
12 7.6738 45.650 1.126  8.963
18 7.6822 45.676 1.126  8.967
20 7.6844  45.678 1.126  8.968




Comparison with other techniques

Central potentials

-8

Potential ~ Method B(Ww) T(HNY R(4) Po
| HH 8.2527 30.639 1.681 0
MT(V) FE 8.25273 0
SVM 8.2527 1.682 0
ATMS 8.26 1.682 0
HH 8.765 33.879 1.673 3.490
S3 FE 8.765
- SVM 8.753 1.67
MT(I—11I) HH 8881 31313 1696 2416
IDEA 8.86
Nen Central potentials
Potential Method BOw) T RESN  Po Pp Pp
HH 7.6844 45.68 1.776 1.126 0.0761 8.968
FE 7.680
AV14 FE 7.670 1.12 0.08 8.96
CRC 7.6844 1.126  0.076  8.968
GFMC|  7.670(8)
AV18 HH 7618 46.71 1.769 1.294 0.0658 8.511
FE 7.62

FE=Faddeev equations, Friar et al, 1985; Glockle et al, 1995
SVM==Stochastic variational method, Suzuki and Varga, 1995

ATMS=amalgamation of two-body correlations into multiple scattering, Akaishi, 1974

IDEA=Integro-differental equation approach, Fabre et al 1988
CRC=coupled-rearrangement—channel, Kamimura et al, 1989

GFMC=Green function Monte Carlo, Carlson, 1988
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a—particle ground state (J =T = 0)
The first 8 channels

0/3 \ a@l @2@3512[452 53 STQ T3 T
- - (/100 0 0 0|1 1/20(0 1/2 0
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\_‘2 0000 0[01/20[1 1/20 o T
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2. .8l0 2 2 2 2|1 3/22|0 1/20
2 NOMRER ©
CHANMELS

Choice of the expansion basis

1. Class C1. In this class are included the HH states belonging to
the PB= two—body correlations. The PB includes states 2
of the first three channels (the only channels with ¢; = £; = 0)
and ny = 0.

2. Class C2. This class includes states belonging to the same
three channels as class C1, but with ng > 0. This states 3
therefore, includes also part of three—body correlations.

3. Class C3. This class includes all the states belonging to the
channels 4 — 8 reported in table.

4. Class C4. This class includes all the HH states belonging to

the channels with 4; + ¢ + ¢35 = 4 not included in classes
- C1-C3

5. Class C5. This class includes all the states belonging to the |3’
" channels with ¢; + ¢, + ¢35 = 6.

%0



Comparison with other techniques

Central potentials

-2

Potential Method BWn) T () R  Pg
HH 31.357 69.71 1.409 0
SVM 31.360 1.4087 0
MT(V) FYE 31.36 | 0
CRC 31.36 0
S3a HH 27412  69.06  1.444 0
DMC 27.31(5) 0
S3 HH 31.608 74.341 1413 4.087
FYE 31.00
Realistic potentials
Potential Method BMWNY T (M) R(EYD Py Pp Pp
HH 25.60 99.41 1.497 0402 14.46
AVS8 SVM 25.62 98.9 1.50
GFMC| 25.67(3)
AV14+C HH 2421 95.80 1524 05 -0.389 1440
GFMC| 24.23(3)
AVig8+C HH 24.11
GFMC| 24.1(1)

SVM=S_Stochastic variational method, Suzuki and Varga, 1997
FYE=Faddeev-Yakubovsky equations, Glockle et al, 1995
CRC=coupled-rearrangement—channel, Kamimura et al, 1989
DMC=Diffusion Monte Carlo, Bishop et al, 1990

(_}f_ MC=Green function Monte Carlo, Carlson, 1988




Convergence:
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TABLE 1 The expectation values (T) and (V) of kinetic and
potential energies, the binding energies £, 1n MeV, and the radius in

fim
Method (T) (V) E, NG —
{
FY 10239(5) —12833(10) —2594(5)  1485(3) &
CRCGV 10230 —12820 —2590 1482 —
SVM 102 35 —128 27 ~2592 1.486 =
HH 102.44 —128 34 —25.90(1) 1.483 O
GFMC  102.3(1.0) —12825(10) —2593(2) 1 490(5)
NCSM  103.35 —129.45 —2580(20)  1.485
EIHH 1008(9)  —126.7(9) —~25.944(10) 1486
0 025 T T T T T
002
o
0015
E
@ 001
@)
0005

I [fm]

FIG 1 Correlation functions in the different calculational
schemes EIHH (dashed-dotted), FY, CRCGV, SVM, HH, and

NCSM (overlapping curves)



