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Procedures of grasp92 code to calculate accurate Dirac-Coulomb energy for

the ground sate of helium atom

Takayuki UTSUMI and Akira SASAKI
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Kansai Research Establishment
Japan Atomic Energy Research Institute

Miiminami-machi, Neyagawa-shi, Osaka

(Received January 12, 2000)

The procedures of grasp92 code to calculate accurate (relative error =107) eigenvalue for the
ground sate of helium atom of the Dirac-Coulomb Hamiltonian are presented. The grasp92 code,
based on the multi-configuration Dirac-Fock method, is widely used to calculate the atomic
properties. However, the main part of the accurate calculations, extended optimal level calculation
(EOL), suffer frequently numerical instabilities due to the lack of the confident procedures. The
purpose of this report is to illustrate the guideline for stable EOL calculations by calculating the
most fundamental atomic system, i.e. the ground sate of helium atom Is* ’S,. This procedure could
be extended for the high-precise eigenfunction calculation of more complex atomic systems, for

example highly ionized atoms and high-Z atoms.
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(4—2)n=12 3 49 EOREILEIT ). BL, FEIYT71Falb -V 3
YEREBETA n o= 1 BEDSHIAHBEKE L TR, EERPCRLETIIC
iteration ¥¥T 545,
(4—2) (4—2) LA n=1234PEDORKHELEITH 1L . damping
factor IZEEME (= 09) & L. BBV VO A NVF —EXF+FPORT
A Z & % iteration BOED L BT T 5,
A7 7 4 NV : 2He/Hel.iso
2He/Hel.csl
2He/Hel.mcp
2He/Hel EOL.rwf
W7 7 AWV . 2He/Hel. EOL.rwf

2He/Hel EOL.mix
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2He/sum/Hel.rscf92.sum.EOL (¥ <))

EAHBEZATIZRT,

n EP° grasp92 E™C GRASP2 E™ grasp92 ~ EC Grase2

1 -2.861 813 322 49 -2.861 813 34029 0.000 000 017 80

2 -2.897 808 441 42 -2.897 808 459 81 0.000 600 018 39

3 -2.901 974 447 61 -2.901 974 647 14 0.000 000 199 53

4 -2.903 042 760 45 -2.903 042 972 33 0.000 000 211 88

5 -2.903 433 337 10 -2.903 433 57178 0.000 000 234 68

6 -2.903 609 040 55 -2.903 609 178 06 0.000 000 137 51

7 -2.903 698 997 69 -2.903 699 587 68 0.000 000 589 99
H2) E® e (EAILFEICET { Dirac-Coulomb L F )V ¥ —, BV Hartreeo

1 3) EPC raspr 133CHR[14] & B 6

ZDKERIE, Parpia and Grant [14]DFERICHRTZ AN F—2FHA, Thid EOL &
BIZBWT n = ] BLBEUSIHBEBESRE LR EDPTERRRTH S, 72720, 5
BT THY, ABRED graspd2 I — FEFTFIFIRIRLEEZ LI LATE B,

4. &8

AHETIZ, He FFEEIRED Dirac-Coulomb NI )V b =7 Y OFEEEE grasp92 2
—FICL D EHE (HNREY 107) CHETLFRELERL 2o MCDF B:CHHEES
BEORLHEREY R TRELAVE— L JVEOLEE TR, SEFHEOHHENE S
POAEELFENFFELT, LIEILEBETREZHFVIIERE M E~OBEL 2o
Twb, TIT He RTFHEEREBELHICR > THRELZREFRETESER L E CHENIC
ZER EOL fHEFMEER L7z COFELLRTAIILICLD ., X R —F—FED Ni
BAA VOB MEREAF VR I VR EOETEOERERABMEIEICHERT S
ZENTES,

M
X RU—F-RARCBI2FRERFRENEOEEN +HBIR, FXHRITE2HX
BIREI LA, BARFHOMREFBENER EMER, FRFR, FEHRIECR
HELIT, £, Y2 VA2 Y7 MEBRCHBATRE £ L7 HERREFH0F 5007 BB
AT INFRBRICERHBL I,
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lélie gra 1;392 dso  will be created as the
ata File; enter another filename

ISOtope
if thxs is not acceptable; <cr> otherwise:

nter the atomic number:

nter the mass number fO if the
nucleus 1s to be modelled as a
point source:

he default root mean squared

radius is 3.07742823143709

the default nuclear skin thickness

1S 2.30000000000000 fm;
Revise these values?

nEnter the mass of the neutral
atom (in amu) (O if the nucleus
18 to be static):

nter your best estimate of

the ground state enerﬁ

the neutral atom (in Hartrees):

he number ofe cfctrons in the

neutral atom is deduced to be
Revise this?

nEnter the nuclear spin quantum
number (I) (in units of h /2 p1):

nter the nuclear dipole moment
(in nuclear magnetons):

nter the nuclear cs]uadrupole
moment (in barns)

X3—1

~ fm;

genios A
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#!bin/csh

#  set global data for this run #
W R M

sct alom = 2He
set dirname = $atom
if (! -d $dirname) then
mkdir $dirname
endif
if (! -d $dirname/sum) then
mkdir $dirname/sum
endif
set fname = Hel
€ChO “HHHHHHHHIN HIHHR #iRHH
ccho'#  generate csl file #
echo fHHE
rm $dirname/$fname.csl
gencsl <<CSL
$dirname/$fname.cst

n

CSL

€ChO "SHERR N I AHEHEHHR R R
echo'#  generate mep file (2
eChO ‘HHHHHHHHHEE N WHHHEHHE

m $dir /sum/$1; sum

rm $dirname/$fname.mcp.*

genmep <<MCP

n

$dirname/sum/$fname.genmcp.sum

$dirname/$fname.cst

r

$dirname/$fname.mcp

n

n

MCP

€ChO WHIMHHHEHHNRNH R RIS
echo'#  generate erw( file L2
CChO THEHEHERN NN R
mn $dirname/sum/3fname.erwf.sum

rm $dirname/$fname. TF.rw{

erwl <<ERWF

n

$dirname/sum/$fname.erwi.sum

$dirname/$fname.csl

$atom.iso

n

n
y
.
n

Sdirname/$fname. TF.rwf
ERWF

2000-003

CChO "SRR RN R L HHHHHAEE
echo'#  EAL execution (rscf92) #
CChO "HHHHHHI RIS ##

m $dimame/sum/$fname.rscf92.sum

m $dirname/$fname. EAL.rwf

rscf92 <<EAL

n

$dirname/sum/$fname.rsci92.sum

Sdirname/$fname.csi

$dirname/$fname.mcp

Salom.iso

n

Sdirname/$fname. TF.rwl

n

n

n

n

$dirname/$fname. EAL.rwf

EAL

CORO "SR I R R
echo'#  EOL execution (rscf92) *
CCRO ‘HHAHHHHHEH R LR

set EOLprev = EAL ;@ EOLcnt ++ ; set EOLno = EOLSEOLcnt

echo $EOLno

rm $dimame/sum/$fname.rsc(92.sum SEOLno
rm $dirname/$fname. SEOLno.rwf

rm Sdirname/$fname. SEOLno.mix

rscf92 <<EOLSEOLent

n
$dirname/sum/Sfname.rscf92.sum.$EOLno
$dirname/$fname.csl
$dirname/$iname.mcp

$atom.iso

n

$dirname/$fname. SEOLprev.rwf

n

y

2 3 3 85 O3 w3 3 D B

n

$dirname/$fname.SEOLno.rwf

$dirname/$name. SEOLno.mix

EOLSEOLcnt

SRR R SRR IR I SRR AR A
# cndof thisrun #
L2l

SRR

B3—2n=1 £ VA7) T}
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ABAREERRRBNRRARBANH U AR IR RA RS RER AR ER DA AAS

# generate csi file $

BHESEARMRISAARRENHURRRARBARURHRHRERRARERNS
File grasp92.csl will be created as the
GRASP92 Configuration Symmetry List File;
enter another filename if this is not
acceptable; null othervise:

2He/Hel. ¢sl

*Nonrelativistic' scheme?

¥

Enter the list of nonrelativistic core
subshel is:

Enter the list of nonrelativistic peel
subshells:

ll

Redefine default maximum nonrelativistic
peel subshell occupations?

Redefine default minimum nonrelativistic
peel subshell occupations?

i)

Enter a nonrelativistic reference peel
subshell configuration (null if done):
Parity of configuration is even

1s(2)

Enter the ] values for this configuration
(null for all possible J values):

0

Enter a nonrelativistic reference peel
subshell configuration (null if done):

Copy list of equivalent relativistic
reference configurations to screen?

n

Enter the maximum number of substitutions
permitted (0, ..., 9):

Copy CSF list to screen?
4

1 relativistic subshells.

1 relativistic CSFs generated.
BEBBERRARRRRRAMRMNBSURARUR AR RIS RASUERAURE
# generate mep file #
SHBERARBUAEEARDHRRERERIABRSHABUR BB BB SRS SIS
GENMCP: Execution begins ...

Generate debug printout?

File genmcp.sum will be created as the
GENMCP SUMmary File; enter another file
name if this is not acceptable; null
otherwise:

2He/sum/MHel. genmcp. sum

Enter the name of the Configuration
Symmetry List File:

2He/Hel. csl

Loading Configuration Symmetry List File ...
there is 1 relativistic subshell;
there are 1 relativistic CSFs;

.. load complete;

Restarting CENMCP ?

o

Files grasp92.mcp will be created as the
GRASP92 MCP Files; enter another root
file name if this is not acceptable;
nul! otherwise:

ZHe/Hel. mep

Generate MCP coefficients only for
diagonal matrix elements? (This is
appropriate to an (E)AL calculation):

2

Treat contributions of some CSFs

as first-order perturbations?
n

Column 1 complete;

Analysing sparse matrix array
definition file ...

. analysis complete. 1 nonzero
elements in H(DC); maximum possible: 1;
Sorting O T coefficients ...

M3—3 (1/5) n=l >z VA2 )T MNETER
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. sort complete; O integrals;
Sorting 0 V(k=0) coefficients ...
.. sort complete; 0 integrals;
Sorting 0 V(k=1) coefficients ...
. sort complete; 0 integrals;
GENMCP: Execution complete.
BREBRBBRBRLRERBRRB IR RRBARARNR BB IR BD SR RIS
# generate ervf file #
FRERRBARRRRASRUBRURRRARARARRESS R AR AR RSB ANY
ERWF: Execution begins ...
Generate debug printout?
File ervf.sum will be created as the
ERWF SUMmary File, enter another file
name if this is not acceptable; null
othervise:
2he/sum/Hel. eyw!. sum
Enter the name of the Configuration
Symmetry List File:
2Be/Hel . csi
Loading Configuration Symmetry List File ...
there is | relativistic subshell;
there are 1 relativistic CSFs;
. load complete;
Enter the name of the ISOtope Data
File:
2He. iso
Loading 1S0tope Data File ...
... load complete;
Change the default speed of light
or radial grid parameters?

n

The following subshell radial
vavefunctions remain to be
estimated:

Is

Read any subshel} radial wavefunctions
from GRASP92 Radial WaveFunction
File(s)?

n

Thomas-Fermi estimates for any subshell
radial wavefunctions?

¥

Enter the list of relativistic subshells:

.

All required subshell radial wavefunctions have been estimated:
Subshell e p0 gamma
1s 1.251095302684D+00  5.099013353275D+00  1.0000CG0000000D+00
Source: Thomas-Fermi estimate
Revise any of these estimates?

I

Enter the name of the GRASP92 Radial
WaveFunction File that is to be created:

2Hestel, TF, ruf

ERWF: Execution complete.

HHRUBBRSRENREERRRRARS AR AR SRERRRARASRANUA NS

# EAL execution (rscf92) #

HHRERRRARHNNBHRERRRBI IR RN AR SR IR RD AR USRS

RSCF92. Execution begins ...

Generate debug printout?

File rscf92.sum will be created as the
RSCF92 SUMmary File; enter another file
name if this is not acceptable;
null otherwise:

2He/sum/MHel. EAL. gum

Enter the name of the Configuration
Symmetry List File:

Loading Configuration Symmetry List File ...
there is 1 relativistic subshell;
there are 1 relativistic CSFs;

. load complete;

Enter the root name for the GRASPS2
MCP Files:

2BeMel mep

Enter the name of the ISOtope Data
File:

2He. iso
Loading ISOtope Data File ...

PQ)
5.228640102438D-07

Q(2)
-1.774280687458D-11

M3—3 (2/5) n=1YxVAZ )7 MNETHE

MTP
317



JAERI-Data/Code 2000-003

. load complete;
Change the default speed of light
or radial grid parameters?

n
Enter the name of the Radial WaveFunction
File:
Loading Radial WaveFunction File ...
2HeHel  TF. 1w f
. load compiete;
Are any subshell radial vavefunctions
to be held fixed?
n
(E)OL type calculation?

n

(E)AL type calculation; H(DC)
vill not be diagonalised:

Standard ASF weights are (2]+1)
values; revise?

n

Modify other defaults?

2 .

Enter the name of the GRASP92 Radial
WaveFunction File that is to be created:

2 I EAL. 1wf

Lagrange multipliers are not required

Iteration number 1

Self-
Subshel Energy PO Norm Method consistency

Is  8.578662366D-01  8.509562438D+00  9.140410621D-06 1 1.1835D-01
Is  9.113651357D-01 5.426207546D+00  5.508140663D-03 1 6.4092D-02
Is  9.172420837D-01  4.882585797D+00  5.426138824D-01 1 1.2312D-02

Tteration number 5
Self-
Subshel 1 Energy PO Norm Method consistency

1s  9.179906819D-01  4.757902717D+00  9.999972468D-01 3 6.0053D-09
RSCF92: Execution complete.
SERAEERBAEERERE R AR IR R AR R AR HRRR RN A URE
# EOL execution (rscf92) ]
BUERRBERLBUNIRRAR AR IR R AR AR AR AN AR RS
EOL1
RSCF92: Execution begins ...
Generate debug printout?

'}

File rscf92.sum will be created as the
RSCF92 SWMmary File; enter another file
name if this is not acceptable;
null othervise:

LEQLI.

Enter the name of the Configuration

Symmetry List File:

Loading Configuration Symmetry List File ...
there is 1 relativistic subshell;
there are 1 relativistic CSFs;
. load complete;
Enter the root name for the GRASP92
MCP Files:

Enter the name of the ISOtope Data
File:

2He. iso

Loading 1SOtope Data File ...

. load complete;

Change the default speed of light
or radial grid parameters?

14

Damping
factor

0. 0000

0.2500
0.1875

Damping
factor

0.2198

Jp
268

267
267

JP

267

320

M3—3 (3./5) n=l Yz VA2 )T MNETHSR
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Enter the name of the Radial WaveFunction
File:

2He/Hel EAL. 1wt

Loading Radial WaveFunction File ...
... load complete;

Are any subshell radial wavefunctions
to be held fixed?

n

(E)OL type calculation?

} 4

Enter the serial numbers of the ASF(s)
of which the energies are to be
optimised:

)}

The following subshell radial functions
will be improved:

s

Which of these are correlation functions?
Enter the list of relativistic subshells:

Modify other defaults?

¥

An oscillation in the large-component of the
radial wavefunction is diregarded for the
purposes of node counting if its amplitude
is less than 1/20 the maximum amplitude.
Revise this?

a

The subshells will be improved in the
order

Is
Revise this order?

a

Method 1 is used for integrating the

radial differential equation for

subshells

1s

Select a different integration method for any

subshell radial wavefunction?
2

The first oscillation of the large component

of all radial wavefunctions will be required

to be positive. Revise this?
a

Set accelerating parameters for subshell radial

vavefunct ions?
}4

Different accelerating parameters for different

subshell radial wavefunction?
a

Enter the accelerating parameter

(0< ODAMP < 1 allows ODAMP to be

reduced as convergence is approached,;

-1 < ODAMP < O implies |0DAMP| is

held constant):
0.9%9

Set accelerating parameters for the eigenvectors?
a

The maximum number of SCF cycles is 24

Revise this?

a

Following the improvement of each of the subshell
radial wavefunctions in turn, the 4 least self-
consistent functions will be improved at the end
of the first SC(F cycle. Revise this setting?

The maximum number of cycles in attempting to
solve each radial equation is 3 times the
principal quantum number of the radial wave-
function to be estimated. Revise this setting?

2
Subshel! radial wavefunctions will be
Schmidt orthogonalised immediately
folloving their estimation to all
functions with poorer self-consistency.
Revise this?

n

M3—3 (4,/5) n=l Yz WVAZ )T METHE
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Enter the name of the GRASP92 Radial
WaveFunction File that is to be created:

2HeMel EOLL rwf

File grasp92.mix will be created as the
GRASP92 MIXing coefficients File, enter
another file name if this is not acceptable;
null othervise:

2He/Mel EOLL. mix

Lagrange multipliers are not required

MATRIX ...

Average energy = -2.8618133225D+00 Hartrees

MANEIG ...

Optimise on the following level(s):

Level 1 Energy = -2.861813322493D+00  Weight = 1.000000000000D+00
JP= 0 +: 100.00% of CSF 1

General ised occms‘ltion numbers

2.0000000D+00

Iteration number 1

________________ Self- Damping

Subshell Energy PO Norm Method consistency factor JP NTP  INV NNP
Is  9.179906818D-01  4.757901238D+00  9.999971666D-01 1 1.32180-09 0.7492 267 320 O 0

MATRIX ...

Average energy = -2.8618133225D+00 Hartrees

MANEIG ...

RSCF92: Execution complete.

M3—3 (5/5) n=1Yx VA7) T MEFTHEE
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#1/bin/csh

L HHHHHHHR
#  sct piobal data for this run #
HHHHHHE Y 1 HH HH

set atom = 2He
sct dirname = $atom
if (! -d $dirname) then
mkdir $dirname
endif
if (! -d $dirname/sum) then
mkdir $dirname/sum
endif
sel fname = Hel
SCNO "HHHHHHIHHHRHHHHHE R HHE RS R
echo'#  generate csl file #
ChO "HHRHHHRHEEHHAHEH R A R R
rm $dirname/$fname.csi
gencsl <<CSL
$dirname/$fname.csl
y

1* 2% 3% 4% 5+

n

n

1s(2)

0

n

2

n

CSL

CChO HHHHHHEHHHHEHEHEHE AR Y
echo'#  gencrate mep file *
CChO ‘THNIHHHHH R R R
rm $dir /sum/$fr sum

rm $dirname/$fname.mep.*

genmep <<MCP

n

$dirname/sum/${name.genmcp.sum

$dirname/$fname.csl

n
Sdirname/$fname. mcp
n
n

MCP
€ChO NI NIHHHEHHHHHHHE R
echo'#  appenderwf file ¥

eChO SHHHHEHHERHHHHEHEHREHOHR R
mm $dirname/sum/${name.erwf.sum
m $dirname/S$fhame. TF.rw{

crwf <<ERWF

n

S$dirname/sum/$fname.erwf.sum
$dirname/$fname.csl

$atom.iso

n

y

124 3% 4%
$dirname/${name.rwf.n4

y

5‘

n

$dirname/$fname. TF.rwf

set EOLno = TF ; set EOLent =0
m $dirmame/$mame. EOL* .rwf
m $dirname/$mame. EOL* mix
ccho’
echo'#  EOL execution (rscf92) #*

K3-4 (1/2)

ChO "HHIHHHHEHHHHHHEHR R RN R
set EOLprev = $EOLno ; @ EOLcnt ++ ; set EOLno = EOLSEOLcnt
echo $EOLno
rm $dimame/sum/$tname.rscf92.sum.SEOLno
rm $dirname/$fname.$EOLno.rwf
rm $dirname/$fname.SEOLno.mix
rscf92 <<EOLSEOLen
n
$dirname/sum/$fname.rscf92.sum.$EOLno
$dirname/$fname.csl
$dirname/$fname.mcp
Saom.iso
n
Sdirnamc/$fname. SEOLprev.rwf
y
l‘ 2‘ 3‘ 4.
y
1

w
*

e 3 O3 % 3 8 3 3w

=8

's’<

n

$dirname/$fname.SEOLno.rwf
$dirname/$fname.SEOLno.mix

EOLSEOLcnt

€ChO “HHHEHEHEHHERR SRR R R
echo'# EOL execution (rscf92) L3
ChO RTINS R R R
set EOLprev = $EOLno ; @ EOLcnt ++ ; set EOLno = EOLSEOLcnt
echo SEOLno

m $dirname/sum/$fname.rscf92.sum.$EOLno

rm $dirname/$fname.SEOLno.rwf

m $dirname/$fname. $SEOLno.mix

rscf92 <<EOLSEOLcnt

n

$dirname/sum/Sfaame.rscf92.5um.SEOLno
$dirname/$fname.csl

$dirname/$fname.mcp

$atom.iso

n

Sdirname/$fname. SEOLprev.rwf

y

y
1
2% 3%4*5*

B o< 3 23 %8333

w
(=3

n=5 T = )WVAZ 1) 7}



JAERI-Data/Code 2000-003

n

Sdirname/$fname. SEOLno.rwf
$dirname/$fname.SEOLno.mix

EOLSEOLcnt

ccho "HIHEHNY Wit I HHHER RIS
echo'#  EOL execution (rscf92) »
echo L SRR AR

sct EOLprev = $EOLno ; @ EOLcent ++ ; set EOLno = EOLSEOLent
echo SEOLno

mm $dimame/sum/$fname.rscf92.sum.$EOLno
rm $dirname/$fname. SEOLno.rwi

m $dirname/$fname. SEOLno.mix

rscf92 <<L:OLSEOLcnt

n

$dirname/sum/$fname.rscf92.sum.$EOLno
$dirname/$fname.csl

$dirname/$fname.mcp

$atom.iso

n

Sdimamd&fname.SEOLprév.rwf

y

M3-4 (2/2)

n=5 %

1

2% 3% 4+ §*

W B = < D a 2 3 3 5w
g2 gee g
o

n

$dirname/$fname. SEOLno.rwf

$dirname/$fname SEOLno.mix

EOLSEOLcnt

SRR R RN IS I S S R R
#  end of this un #
SRR RS AR IR R R R R

N

ST )VATZ YT b
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SEEREERREBHEAURRBHURRAUHAR AR BRRRANRARRI RIS
$  generate csl file #
HASHEERRRRRARRBRRENR RN U AR AR RRR RN SR RE R RSN
File grasp92.cs! will be created as the
GRASP92 Configuration Symmetry List File;
enter another filename if this is not
acceptable; null otherwise:
2HeMel. csl
"Nonrelativistic' scheme?
Enter the list of nonrelativistic core
subshells:

Enter the list of nonrelativistic peel
subshel Is:

1‘ 2' 3. 4' 5.

Redefine default maximum nonrelativistic
peel subshell occupations?

]

Redefine default minimum nonrelativistic
peel subshell occupations?

a

Enter a nonrelativistic reference peel
subshell configuration (null if done):

1s(2)

Parity of configuration is even

Enter the J values for this configuration
(null for all possible J values):

0

Enter a nonrelativistic reference peel
subshell configuration (null if done):

Copy list of equivalent relativistic
reference configurations to screen?

n

Enter the maximum number of substitutions
permitted (0, ..., 9):

Copy CSF list to screen?

25 relativistic subshells.

55 relativistic CSFs generated.
SREABERBRREUARRRRBEURRI AR AR AR RAR BB AN RIS
$ generate mep file #
SREBSBERGERAEEHARERRR RIS H I RR AR R RR AR BN BB RS

GENMCP: Execution begins ...

Generate debug printout?

a

File genmcp.sum will be created as the
GENMCP SiMmary File; enter amother file
name if this is not acceptable; null
otherwise:

2 1. .

Enter the name of the Configuration
Symmetry List File:

2He/Hel.cs!

Loading Configuration Symmetry List File ...
there are 25 relativistic subshells;
there are 55 relativistic CSFs;

. load complete;

Restarting GENMCP ?

a

Files grasp92.mcp will be created as the
GRASP92 MCP Files; enter another root
file name if this is not acceptable;
null othervise:

2He/Hel. mcp

Generate MCP coefficients only for
diagonal matrix elements? (This is
appropriate to an (E)AL calculation):

o

Treat contributions of some (SFs

as first-order perturbations?
]

Column 1 complete;

Column 2 complete;

Column 3 complete;

Column 53 complete;
Colunn 54 complete;
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Column 55 complete;

Analysing sparse matrix array
definition file ...

. analysis complete; 1540 nonzero

elements in H(DC); maximum possible: 1540;

Sorting 120 T coefficients ...

. sort complete; 30 integrals:

Sorting 342 V(k=0) coefficients ...

... sort complete; 231 integrals,

Sorting 726 V(k=1) coefficients ...

. sort complete. 726 integrals;

Sorting 704 V(k=2) coefficients ...

. sort complete; 669 integrals;

Sorting 470 V(k=3) coefficients ...

... sort complete; 470 integrals;

Sorting 261 V(k=4) coefficients ...

. sort complete; 253 integrals;

Sorting 105 V{(k=5) coefficients ...

. sort complete; 105 integrals;

Sorting 38 V(k=6) coefficients ...

. sort complete; 37 integrals;

Sorting 9 V(k=7) coefficients ...

... sort complete; 9 integrals;

Sorting 2 V(k=8) coefficients ...

. sort complete; 2 integrals;

Sorting 0 V(k=9) coefficients ...

. sort complete; 0 integrals;

GENMCP: Execution complete.

HHEHEARREARRERERESUSURAS DU UE BB IR IR BR RIS
# append ervf file 4
HRREEERRE AR SRR SU A BRRR AU AR RR RS ER N AR
ERWF: Execution begins ...

Generate debug printout?

I}

File erwf.sum will be created as the
ERWF SMmary File: enter another file
name if this is not acceptable; null
otherwise:

2He/sum/Hel. erwf. sum

Enter the name of the Configuration
Symmetry List File:

2HeMel. sl

Loading Configuration Symmetry List File ...
there are 25 relativistic subshells;
there are 55 relativistic CSFs;

. load complete;

Enter the name of the ISOtope Data
File:

2He. iso
Loading ISOtope Data File ...

... load complete;

Change the default speed of light

or radial grid parameters?

a
The following subshell radial
wavefunctions remain to be
estimated:
1s 25 2p- 2p 3s 3p- 3p 3d- 3d 4s 4p- 4p 4d- 4d 4f- 4f 5s Sp- 5p 5d- 5d 5{- 5f
5g- 5S¢
Read any subshell radial wavefunctions
from GRASP92 Radial WaveFunction
File(s)?

b4

Enter the list of relativistic subshells:

1‘ 2’ z‘ 4'

Enter the name of the Radial WaveFunction
File:

2HeHel. ruf.nd

The folloving subshell radial
vavefunctions remain to be
estimated:

5s 5p- S5p 5d- 5d 5f- 5f 5g- 5g
Thomas-Fermi estimates for any subshell
radial wavefunctions?

¥

Enter the list of relativistic subshells:

s
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All required subshell radial wavefunctions have been estimated:
Subshel | e p0 ganna P(2) Q(2)
1s 9.595407981006D-01 5.272098055725D+00 1.000000000000D+00  4.992265224674D-07  -1.155074473717D-11

Source: 2He/Hel.rwf.nd
2s 2.706852770449D+00
Source: 2He/Hel.rwf.n4
2p- 3.343591383901D+00
Source: 2He/Hel.rwf.nd
2p 3.346734924606D+00
Source: 2He/Hel.rwf.nd
3s 6.933082106928D+00
Source: 2He/Hel.rwi.nd
3p- 5. 788150646660D+00
Source: 2He/Hel.rwf.nd
3p 5.633511376388D+00
Source: 2He/Hel.rwf.nd
3d- 6. 306023603007D+00
Source: 2He/Hel.rwf.nd
3d 6.310343955575D+00
Source: 2He/Hel.rwf.n4

4s 1.014923354216D+01
Source: 2He/Hel.rwf.nd
4p- 1.097525826047D+01
Source: 2He/Hel.rwi.n4
4p 1.117045445790D0+01
Source: 2He/Hel.rwf.nd
4d- 1. 243450592640D+01
Source: 2He/Hel.rwf.nd
4d 1.233950286471D+01

Source: 2He/Hel.rwf.nd
4f- 1. 190386872505D+01

Source: 2He/Hel.rw{.nd
41 1.190355137404D+01

2.719729815177D+01

6.577170784358D-04

-2.817985522326D+05

-5. 915083444653D+01

-2.134256327289D-03

3.746430979594D+06

-3. 127673668736D-02

4.214676242319D+04

-1. 813364905854D+02

7.568761938016D-04

-9. 960000744157D+06

1.646553909448D-01

4.110712726420D+06

2.819438587768D-03

2.328760936849D+01

1.000000000000D+00

1.000000000000D+00

2.000000000000D+00

1. 000000000000D+00

1..000000000000D+00

2.000000000000D+00

2.000000000000D+00

3.000000000000D+00

1. 000000000000D+00

1. 000000000000D+00

2.000000000000D+00

2.000000000000D+00

3.000000000000D+00

3.000000000000D+00

4.000000000000D+00

7.332494298769D-07

2.545660552402D-10

-7.241298595514D-11

-1.377358599728D-06

-1. 683065059350D-09

1.010371031131D-09

6.234431344251D-10

7.934235464674D-16

1.726948804961D-06

1.156463466585D-09

-2.752545297600D-09

-2.429570921054D-09

-5.061705816171D-15

6.034694991282D-26

-4.920638815446D-27

-2.186893310647D-11

9.101456511541D-09

-1. 815879906993D-06

1.512640876680D-11

-2.650717025083D-08

2.150001466370D-05

3.033400239543D-14

-2.451364773021D-11

1.375750106999D-10

5.086674041064D-08

-5. 359062963815D-05

-6.090487897933D- 14

1.127478016835D-10

1.249869016646D-21

-3. 148705218843D-31

320

329

329

320

336

336

336

336

320

339

338

338

338

312

312

Source: 2He/Hel.rwf.nd

58 2.348654403143D-02  2.852904997669D-01
Source: Thomas-Fermi estimate

5p- 2.203611285564D-02  1.039061235019D-05
Source: Thomas-Fermi estimate

5p 2.203577482425D-02 1.300090731892D-01
Source: Thomas-Fermi estimate

5d- 2.086855698120D-02  7.25699259G660D-07  2.000000000000D+00
Source: Thomas-Fermi estimate

5d 2.086850015419D-02  1.0900065770020-02 3. 000000000000D+00
Source: Thomas-Fermi estimate

Sf- 2.036168216682D-02  2.182323442120D-08  3.000000000000D+00  4.641948362188D-31
Source: Thomas-Fermi estimate

5f 2.036166249635D-02  3.512257282384D-04
Source: Thomas-Fermi estimate

5g- 2.015886143484D-02  3.091917746648D-10  4.000000000000D+00  8.991879050575D-40
Source: Thomas-Fermi estimate

5g 2.015885050873D-02  5.159690881806D-06
Source: Thomas-Fermi estimate

Revise any of these estimates?

1.000000000000D+00  2.925431342453D-08  -9.927259261777D-13

1.000000000000D+00  7.006415186087D-15 1.460085818865D-10

2.000000000000D+00  1.367032572293D-15  -4.638935388631D-20

1.003561533188D-22  2.091349014739D-18

1.1752680202230-23  -3.988195007792D-28
9.673481669355D-27
4.000000000000D+00  3.883262261440D-32 —1.3177596076020—36‘
1.873841978506D-35

5.000000000000D+00  5.849741626149D-41  -1.985071501255D-45

n
Enter the name of the GRASP92 Radial
WaveFunction File that is to be created:

ERWF. Execution complete.
3“8#”W””””””“MW”#W“NNW#
$ preparation for EOL execution
8““‘3NNN””“N”””“”“S“NNN“&
FREBRBRHRRRIRRR LR ARRE AR ISR I RRBARRURR R SRS
# EOL execution (rscf92) #
B AR AR SRR RR R AR AR R R R RR RS HRR
EOL1

RSCF92: Execution begins ...

Generate debug printout?

]

File rscf92.sum will be created as the
RSCF92 SiMmary File: enter another file
name if this is not acceptable;
nuli othervise:

2He/s . rscf92. sum. EQL,

Enter the name of the Configuration
Symwetry List File:

2letlel. ¢cs
Loading Configuration Symmetry List File ...
there are 25 relativistic subshells;
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there are 55 relativistic CSFs;
. load complete;
Enter the root name for the GRASPS2
MCP Files: :
2hHe/Hel mcp
Enter the name of the ISOtope Data
File:
2He. iso
Loading ISOtope Data File ...
. load complete;
Change the default speed of light
or radial grid parameters?
n
Enter the name of the Radial WaveFunction
File:
2HeMel . TF. twf
Loading Radial WaveFunction File ...
. load complete;
Are any subshel! radial wavefunctions
to be held fixed?
¥ .
Enter the list of relativistic subshells:

(E)OL type calculation?
¥
Enter the serial numbers of the ASF(s)
of which the energies are to be
optimised:
1
The following subshell radial functions
will be improved:
Ss 5p~ 5p 5d- 5d 5{- 5{ 5g- 5g
Which of these are correlation functions?
Z. 3. 4‘ 5.
Enter the list of relativistic subshells:
Modify other defaults?
¥
An osciliation in the large-component of the
radial wavefunction is diregarded for the
purposes of node counting if its amplitude
is less than 1/20 the maximum amplitude.
Revise this?

a

The subshells will be improved in the
order

5s 5p- 5p 5d- 5d 5f{- 5f 5g- 5g
Revise this order?

a
Method 3 is used for integrating the
radial differential equation for
subshells
5s 5p~ 5p 5d- 5d 5f- 5f 5g- S5g
Select a different integration method for any
subshell radial wavefunction?
a
The first oscillation of the large component
of the following radial wavefunctions will
be required to be positive
58 5p- 5p 5d- 5d 5f- 5f Sg- 5g
Revise this?
n
Subshel |l accelerating parameters have been
set. Revise these?
x.
Different accelerating parameters for different
subshell radial wavefunction?
)}
Enter the accelerating parameter
(O< ODAMP < 1 allows ODAMP to be
reduced as convergence is approached;
-1 < ODAMP < O implies |ODAMP! is
held constant) :
0.9

Set accelerating parameters for the eigenvectors?

a

The maximum number of SCF cycles is 24
Revise this?

¥
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Enter the maximum number of SCF cycles:

15

Following the improvement of each of the subshell
radial wavefunctions in turn, the 0 least self-
consistent functions will be improved at the end
of the first SCF cycle. Revise this setting?

a

The maximum number of cycles in attempting to
solve each radial equation is 3 times the
principal quantum number of the radial! wave-
function to be estimated. Revise this setting?

¥
Enter the factor that multiplies the principal
quantum number:

Subshell radial wavefunctions will be
Schmidt orthogonalised immediately
following their estimation to all
functions with poorer self-consistency.
Revise this?

a
Enter the name of the GRASP92 Radial
WaveFunction File that is to be created:

2He/Hel EQLI. 1wf

File grasp92.mix will be created as the
GRASP92 MIXing coefficients File; enter
another file name if this is not acceptable;
null otherwise:

2He/Hel EOLI mix

Include Lagrange multipliers between:

1s 5s
2s 58
2p-  Sp-
2p Sp

Optimise on the following level(s):

Level 1 Energy = -2.903424728742D+00  Weight = 1.000000000000D+00
jpP- 0+: 99.16% of CSF 1 0.38% of CSF 6 0.25% of CSF 14 0.13% of C
SF 10 0.04% of CSF 2

Generalised occupation numbers

1.9835563D+00 7.9763307D-03 2.5360453D-03 5.0681078D-03 1.2474613D-04 9.7740279D-05 2.0087596D-04 1.2713026D-04
1.9072010D-04 1.0267764D-05 8.0410077D-06 1.5972867D-05 1.2621642D-05 1.9050751D-05 1.6175660D-05 2.1586397D-05
6.6839953D-07 6.2033608D-07 1.2402913D-06 1.3907791D-06 2.0853911D-06 2.2691368D-06 3.0291664D-06 3.0998965D-06
3.8786871D-06

Lagrange multipliers:

1s  5s  2.782832360D-05
2s  Ss 1.702911361D-06
2p- 5p-  3.807760809D-06
2p  5p  8.457360006D-06
3s  5s  -2.990697182D-06
3p- S5p- -3.588114315D-06
3p Sp -7.860844640D-06
3d- 5d- -6.226341932D-06
3d  5d  -9.149225509D-06
4s  5s  -9.338674308D-06
4p- 5p- -8.098534435D-06
4p 5p -1.628801976D-05
4d- 5d- -1.329352221D-05
4d 54 -2.018575008D-05
4f- S5f- -1.431997343D-05
4f  5f 1.920436875D-05

Iteration number 35
Self- Damping
Subshel | Energy PO Norm Method consistency factor JP  MTP INV NV

5s  2.634079113D:01  6.554028234D+01  9.999973592D-01 3 3.18830-08 0.0000 211 320 O 4
5p-  2.623083215D:01 -4.148187501D-03  9.999960789D-01 3 4.84130-09 0.0000 211 338 O 3
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5d-
5d
5f-
51
5g-
5g

MATRIX ...
Average energy =

MANEIG ..

DVDSON:

24 loops;

5p  2.634369874D+01

2.291313105D+01
2.297052605D+01
2.002971383D+01
2.003111458D+01
1.825161887D+01
1.825408859D+01

JAERI-Data/Code 2000-003

-3. 878989699D-01
-8. 058644 368D+05
-1.205176737D-02
-4.212756763D+02
-6.846783564D-03

1.103717358D+02

2.6737629392D+01 Hartrees

RSCF92: Execution complete.
SRR SRR R RR AR U SRR AR R AR

% EOL execution (rscf92)

#

PARMRASRRURRAR AR R R RN AR AR R B REMRAN AR

EOL2

RSCF92: Execution begins ...
Generate debug printout?

Optimise on the following level (s):

Level
JP =
SF 10

Energy = -2.903431163291D+00  Weight =
0+: 99.13% of (SF 1  0.38% of CSF 6
0.07% of CSF 2

General ised occupation numbers

1.9833480D+00
1.9291757D-04
6.4593633D-07

3.8841499D-06

Lagrange multipliers:

Is 2s
1s 3s
Is 4s
1s 5s
2s 3s
2s 4s
2s 58
2p-  3p-
2p-  dp-
2p-  5p-
2p 3
2  4p
2p  5p
3s 4s
3s 5s
3p-  4p-
3p-  5p-
3p 4p
3p 5p
3d-  dd-
3d- 5d-
3d 4
3d 5d
4s Ss
4p-  5p-
4p Sp
4d-  5d-
4d 5d
4f-  5f-
4f 5¢

Iteration number 15

1.1263463D-05
7.8270047D-07

7.462150201D-03
4.428959395D-04
4.878631738D-04
1.472715302D-04
-7.634356315D-04
-2.037235408D-05
-7. 176358348D-06
2.486412344D-04
2.012587263D-04
2.117840314D-05
5.133108994D-04
4.594102703D-04
4.329826629D-05
1.755354219D-05
1.155319191D-05
-8.943841332D-06
5.289163368D-07
-4.378533411D-05
-8.011009200D-07
-5. 813350106D-05
-2. 534068622D-06
-8. 223989757D-05
-3.336857881D-06
-3.063684801D-06
-7.856040514D-06
-1.578230152D-05
-1.292691384D-05
-1.946102323D-05
-1. 3706168280-05
1.831498794D-05

1.803894690D+07

9.999948988D-01
9.999949832D-01
9.999982749D-01
9.999983038D-01
9.999996732D-01
9.999996790D-01

24 matrix-vector multiplies.

3

W W W W W

1. 000000000000D+00
0.25% of CSF 14

8.1706281D-03 2.5214319D-03 5.0417461D-03 1.2102232D-04
1.1208843D-05 2.1571454D-05
1.5533444D-06

§.999964307D-01 3

9.8794D-09
1.2336D-08
4.4736D-09
5.3007D-09
1.2105D-09
1.4055D-09

0.12% of C

6.5120D-09

0.0000
0.0000
0.0000
0. 0000
0. 0000
0.0000

24
214
217
217
218
218

0.0000
337
337
312
312
309
309

1.1159223D-04  2.2647251D-04
1.3453747D-05 2.0414827D-05
1.6472148D-06 2.4758493D-06 2.4584939D-06 3.2826288D-06 3.1047375D-06

1. 2869085D-04
1.6980149D-05 2.2657233D-05

337

O D = = NN
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Subshel!

Is
2s
2p-
2p
3s
3p-
3p
3d-
3d
4s
4p-
4p
4d-
4d
4f-
4f
Ss
5p-
5p
5d-
5d
5f-
5f
Sg-
5¢

Energy

9.600196961D-01
2.631224913D+00
360304672D+00
360921053D+00
173312163D+00
172236174D+00
106397249D+00
207295708D+00
219246427D+00
308800019D+00
3467624 74D+00
914351342D+00
053536178D+01
037168009D+01
041328995D+01
041489167D+01
442382727D+01
229826859D+01
259104727D+01
038624759D+01
040330904D+01
906139202D+01
-905755267D+01
.825943467D+01
1.826590946D+01

- RO N W = N N0 U U N W W

—

JAERI-Data/Code

PO

5.473904742D+00
3.081618075D+401
7.384688314D-04
2.937379037D+06
-8.567108667D+00
-2.708399007D-03
3.416282944D+07
7.792492483D-05
-9. 2989994820405
-8.457007030D+01
2.189829693D-03
-2.256436680D+08
2.395965566D-01
2.146279772D+07
7.081189017D+01
-3.648177224D+12
-1.134741382D+03
-6.936951146D-03
4.369860628D+08
-5. 318140057D-01
-6.589885107D+07
6.749124218D+03
-1.382769574D+13
6.743964775D-02
-1.366974022D+08

Maximum iterations in SCF Exceeded.
RSCF92: Execution complete.
SRERHERREREARRARBHAN SRR BRANSRE RN AR AN HRAGY
% EOL execution (rscf92) 4
HEBRHHERR R AR URAH AR RS AR B R SRR RN HR RS HR B S

EOL3

RSCF92: Execution begins ...

Norm

9.990540926D-01
1.001749244D+00
9.959949406D-01
9.952634402D-01
9.974203537D-01
9.951368332D-01
9.956187818D-01
1.0025084 50D+00
1.002482137D+00
1.004740249D+00
1.013660931D+00
1.018186722D+00
1.006779587D+00
1.007797123D+00
1.004362384D+00
1.004190900D+00
1.135726201D+00
1.031033549D+00
1.036110207D+00
1. 002470154D+00
1.001340394D+00
1.003881234D+00
1.003605940D+00
1.000364703D+00
1.000297929D+00

2000-003

Self-

Method consistency

W W W W W W W W WwWwWwwwww www ww —

1.6215D-04
1.9170D-04
2.4153D-04
4.0937D-04
9.8215D-05
8.1657D-05
1.5082D-04
6.1947D-07
5.4347D-05
1.4265D-04
1.5270D-04
2.5638D-04
1.2922b-06
3.6218D-05
3.1564D-05
3.5357D-05
2.6458D-05
2.1078D-04
3.3277D-04
4.9047D-07
2.0707D-05
1. 153705
1.2494D-05
1.8391D-06
1.8171D-06

Damping
factor

0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120
0.0120

JP

v

COC OO0 OO0 OOODO

E

C O NNWWAEDO I~ NNWOO ——=NO OO

Optimise on the following level (s):

Level 1  Energy = -2.903433337107D+00  Weight = 1.000000000000D+00
JP= 0+ 99.11%of CSF1 0.37%of CSF6 0.25% of CSF 14 0.12% of C

SF 10 0.09% of CSF 2

General ised occupation numbers
1.9831104D+00 8.4080667D-03 2.5076382D-03 4.9968865D-03 1.1956481D-04 1.2222208D-04 2.6435143D-04 1.2879565D-04
1.9322273D-04 1.2820591D-05 1.4290139D-05 2.8198395D-05 1.3284107D-05 2.0037504D-05 1.7086137D-05 2.2799189D-05

1.2793138D-06 1.6375843D-06 2.4617567D-06 2.3530947D-06 3.1448917D-06 3.1029117D-06

3.88241010-06

8.4455289D-07 1.6373923D-06

Lagrange multipliers:

1s 2s 1.501179275D-03

Is  3s  -9.467556938D-04
Is 4s  2.971350565D-04
Is 5s 1.691231344D-04
4d 54 -2.091411709D-05
41-  5f- -1.696906783D-05
af  5f 2.263788928D-05

Iteration number 100

Self- Damping
Subshel 1 Energy PC Norm Method consistency factor JP  MIP INV NNP
Is 9.601523156D-01  5.633492572D+00  9.988144953D-01 1 2.4465D-04 0.9000 266 320 O 0
2s 2.552978337D+00  3.369534134D+01  1.001420649D+00 3 1.8848D-04 0.9000 250 321 0 1
2p-  3.371408553D+00  7.275194520D-04  9.951441529D-01 3 1.4179D-04 0.9000 248 316 0O 0
2p  3.378740159D+00  3.818214715D+07  9.941069325D-01 3 5.1165D-04 0.9000 247 316 O 0
3s 7.416963882D+00  5.097384326D+01  9.946408262D-01 3 1.2601D-05 0.9000 233 321 0 2
3p-  4.760077997D+00 -1.924725131D-03  9.965394981D-01 3 9.7023D-05 0.9000 243 317 0 1
3p  4.490845538D+00  3.218807127D+08  9.966869420D-01 3 1.6725D-04 0.9000 244 317 0 1
3d-  6.195615805D+00 -4.149266311D-03  1.001434011D+00 3 4.7870D-05 0.9000 238 314 0 0
3d  6.200469483D+00 -6.494143494D+06  1.001817074D+00 3 6.5800D-05 0.9000 238 314 0 0

®K3—5 (7/8) n=5
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4s 7.432596821D+00 -3. 180436056D+01  9.992910812D-01

4p-  6.254994378D+00
4p  6.674486641D+00
4d-  1.070717158D+01
4d 1.063699251D+01
4f-  1.030530555D+01
4f 1.030731525D+01
5s 1.531010571D+01
5p-  2.087015782D+01
5p  2.159058614D+01
5d-  2.059417348D+01
5d  2.058748709D+01
5f-  2.021664667D+01
5f  2.018600319D+01
Sg-  1.827849313D+01
5g 1.828123536D+01

JAERI-Data/Code 2000-003

-2.514414204D-04  1.002887799D+00
-1.799013563D+09  1.007541852D+00
1.124034308D-01  1.005126904D+00
1.027366510D+08  1.005432785D+00
1.468312100D+02  1.003404808D+00
-1.023761701D+13  1.003549514D+00
-1.041931356D+03  1.008671960D+00
-5.131554428D-03  1.002135398D+00
2.780043170D+09  1.001398644D+00
-3.262318998D-01  1.001756515D+00
-2.809475460D+08  1.001813156D+00
5.880117152D+03  1.001770811D+00
-3.559717649D+13  1.001935758D+00
6.532932414D-02  9.999856594D-01
-2.913956232D+08  1.000045973D+00

W W w W wwWwwwwww

Naximum iterations in SCF Exceeded.
RSCF92: Execution complete.

3
1.1485D-05
5.0385D-05
1.4598D-05
2.1457-05
2.6480D-05
3. 1942D-05

6.1749D-06  0.9000

0.9000
0.9000
0.9000
0.9000
0.9000
0. 9000
0.9000
0. 9000
0.9000
0. 9000
0. 9000
0.9000
0.9000
Q. 9000
0.9000
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318
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315
315
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317
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312
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